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Srn, 

To His ExcELLENCY EDWARD EVERETT, 

GOVERNOR OF MASSACHUSETTS: 

I am happy to be able at length to present you with my final Report on the Geology of M83-
sachusetts. I have divided it into four Parts: 

J. ECONOMICAL GEOLOGY: 
2. SCENOGRAPHICAL GEOLOGY: 
3. SCIENTIFIC GEOLOGY: 
4. ELEMENTARY GEOLOGY. 

The Economical Geology contains a description of all the minerals and rocks in the State 

hitherto discovered, that have been applied to useful purposes. To this part of the subject I 

have devoted more attention since my re-appointment as State Geologist, than to any other. 

The difficult yet important subject of soils; their chemical composition, geological charactu, 

and means of improvement, were scarcely alluded to in my former general report; but in the 

present one, it occupies a conspicuous plac.e. By the liberal assistance of a distinguished chemi

cal friend, I have brougbt forward on this subject many new vie\vs, which I trust will prove 

valuable. Jn applying these views, numerous analyses have been requisite. I have performed 

many others, also, upon other substances, to ascertain their value: so that the whole number 

whic'h 1 have given, amounts to about 400. In fact, my former reports exhibit but a meagre 

account of our economical geology, 'Compared with the present; however imperfect even this 

maybe. 
The Scenographical Geology embraces a description of the most remarkable natural scenery 

of the State, accompanied by drawings of the most interesting spots. These drawings I have 

succeeded in obtaining through the liberality of several artists ,who have gratuitously accompa

nied me in my tours; and though they should be engraved in plain style, they ma.y aid in call

ing the attention of our citizens to striking features in our scenery, that are now generally pass
ed unnoticed. This is the chief object of this part of my Report: and if I succeed in it, I 

shall feel as if an important point were gained. 
The Scientific Geology considers the bearings of the subject upon the principles of the sci

ence, ·without direct reference to practical utility : although the theoretical principles of this sci

ence have an important relation to practical utility. On this part of the subject a great number 

of n'ew and curious facts have come to my knowledge since the publication of my formc(Re

porls. I have spent a great deal ot time also, in tracing out more accurately the boundaries of. 

the different rock formations upon the accompanying corrected geological map. I have also ad

ded to the State Collection of rocks, minerals, and soils, 1303specirnens; so that the whole num

ber now amounts to 2857. 
Under Elementary Geology, I have given a condensed view of the terms, principles and theo

ries of the science of geology in general. I have done this in the hope of aiding those persons 

who may wish to read this Report, who have not the leisure or the means of consulting the 

larger works that have been published on the subjet:t. My chief fear is, that I have been oblig

ed, for want of room, to condense it so much as to make it obscure. 

I cannot close this protracted labor, without expressing my obligations to your Excellency, 

and to your predecessors in office since the commencement of the Geological Survey, for the 
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kin<l and liberal man:ier with which my efforts have been encouraged and my dcficicnces over 

looked; for the judicious counsels ancl instructions which J have received ; and for the personal 

farnr and attention with which I have been treated. 
Nor would I forget my indebtedness to the other branches of the Government for the libe1nl 

pritronage and support which they have bcslO\\:Cd upon this enterprise. 

Let me here, also, testify to the universal disposition which I have found manifo3tcd in every 

part of the Commonwealth, to forward the objects of the surny. :For ten years,-! might in 

truth say twenty ,-I have spent a principal portion of my time in wandering over the State. I 

have climbed all her mountains. l have penetrated her most sequestered valleys and glt!ns. In 

short, I have traveled within her boundaries not less than 10.000 miles; not with rail road 

speed, but rather with a geological, which is nearly synonomous with a pedestrian pace : )"el havo 

I everywhere met wilh a hospitality that has supplied aU my wants, and with intelligence enough 

to understand and appreciate, and a disposition to forward, the objects of my commission. These 

circumstances have given a deep interest to my geological excursions, and make- the retrospect 

of them among the happiest recollections of my life; while they have greatly exalted my opin

ion of the kindness, intelligence, and happy condition of our population, and increased my attach

ment to my native State. 
It may not be irrelavent to state, that since l\Iassachusetts begun this geological E>xploratioo, 

no less than eighteen other States of the Union have commenced, and are now actively prosecut

ing, or have complete-d,similar surveys: while the Government of the United States, as well as 

some European Governments, especially that of Great Britain, have followed the same example. 

Finally, and above all, I desire to acknowledge and feel my supreme obligations to that kind 

Providence, which has followed me in all my wanderings, defended me from all ser ious accident 

and danger, and enabled me to bring to a conclusion one of the most laborious enterprises of my 

life. To llim, therefore, I desire to consecrate the fruits of this labor, and the little remnant of 

strength and of life that remain to me; in the humble hope that they may be accepted; and 

that upon a retrospect of my days, I may feel that I have not lived ent irely in vain. 
Respectfully submitted, 

Amherst College, Dec. l, 1830. EDWARD HITCHCOCK. 

Note. 
It may be proper to say, that the great len~th of time which has been necessarily consumed in 

printing the foliowing Reporl, has enabled me to discover many facts since it was first presented 

t..> the Government. These I have not hesitated to incorporate into the ,.,·ork, as the reader will 

sec, without consulting the Covet nment. This statement n1ay, indeed, show that the work is 

c\·cn yet imperfect. But this fact I have no disposition to conceal. If I can flatter myself that 

I have done something towards developing our subterranean resources, and made the work 

easier for those who succeed me, I ought not to lay claim to more. E. II. 

Amherst College, April 1, 1841. 
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HISTORY OF THE SURVEY. 

On the third of March 1830, the Legislature of Massachusetts passed a Resolve, authorizing 
and requesting the Governor with the advice of the Council, 'lo appoint a Sun·eyor well skilled 
in astronomy and in the art of surveying upon trigonometrical principles,-to make a general sur

vey of the Commonwealth, and from such astronomical observations and calculations as nJay be 
made, to project an accurate skeleton plan of the State, which shall exhibit the external lines 
thereof and the most prominent objects within those lines and lheir locations.~ 

la Governor Lincoln's Message to the Legislature l\Iay 29th, 1830
1 

we find the following 
recommendation. 

'I beg leave to suggest to your consideration Lbe utility of connecting wilh the Geographical 
Surveys, an examination of the geological features of the State, with a view to the exhibition of 
them on the map. Much knowledge of the natural history of the country would thus be gained, 
and especially the presence of valua!Jle ores, with the localities and extent of quarries, and of 
coal and lime formations, objects of enquiry so essential to iaternal imprO\'ements, and the ad

vancement of domestic prosperity, would be discovered, and the possession and advantages of 
them g iven to the public. I am assured that much has already been gratuitously done, by some 
eminent professors in our colleges, towards the accomplishment of such a work, and that, at a 
little expense, it might be completeJ, an<l the fruits of their generous labors thus far, be secured 
to the State. This, however, will require the interposition of your authority in increasing tho 
present appropriation, and permitting an application of it, so far as may be necessary, in the ex
ercise of a sound discrclion to lbc end proposed.' 

In conformity with these suggestions, the Legislature, on the 5th of June, 1830, 'Resolued, 
Thal his Excellency the Governor, by and with the advice of the Council, be, and he is hereby 
authorized to appoint some suitable person, to make a geological examination of the Common
wealth, in connection with the general sur\'cy, in order that the same may be inserted on the 
map which may be published, &c. 

On the 26th of June 1830, Governor Lincoln issued a. Commission to 1~ ..... author of the fol
lowing Report, directing him 'to make the geological examination of this Commvnweallh, in 
the manner contemplated by said Resolve, performing such duties relating thereto, as are or may 
be enjoined upon you; nnd obeying such instructions as, from lime to time, you may receiYe 
from the proper authority.' 

February 2d. 1831 1 the Legislature still further authorized His Excellency the Governor,' to 
direct the person who is appointed to make a Geological SurHy of the Commonwcallh, to cause 

to be annexed to his report on tha.t ~ubjcct, a list of the nati\·e ::\Iineralogical, Botanical and Zoo
logical productions of the Commonwealth, so far as it may be practicable to ascertai11 the same 
within the limits of the appropriation :ii ready made for this Sun·cy. 

A Report on the Economical Geology of the State, with a Geological 1\fop, having been pre

sented to the Go,·ernmcnt in the beginning ofthc yearlS32, it was orde:red to be printed: and on 
the 2-Hh of)forch 1832, the Lf>gislature 'Resoli:ed, that the600 copies of lhe first part of the 
Report on the Geological Sun·ey of the Commonwealth, provi<lcd in pursuance of au or

rangcmenl made by his E:xcellency the Governor with the advice of Council, for the use of 
Government, be delivered to the 8ecretary of the Comm:rnweallh, and by him be distributed, 
as follows, viz. 

1 Four copies to the GovC'rnor; two copies to the Lieutenant Governor; One copy to cnch 

member of the Council; One copy to each member of the Senate aud House of Represeota-
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tives; fhe copies to be deposited io the Library of the State: and that the remaining copies be 

distributed as His Excellency the Governor may direct.' 
In the early part of 1833, a full Reporl was presented, and the Legislature on the 25th of 

February adopted the following very liberal Resolves : 
' Resolved, that His Excellency the Governor, be, and hereby is authorized to cause twelve 

hundred copies of the Report on the Geological Survey of the Commonwealth; including that 

part of the Report already made, as well as the part hereafter to be made, with the drawings 

which shall accompany :said Report, to be published iu such way and manner as he shall deem 

proper and expedient; and he is authorized with the ndvice and consent of Council, to draw his 

warrant upon the Treasurer of lhe Commo1rn,·calth for such sum, or sums, as may be necessary to 

carry this resolve into full etfed.' 
'RtJolced, lhat the said twelve hundred copies, when pul•lishcd, shall be delivered to the Sec· 

rctary of the Commonwealth, to be distributed in the following manner, viz: twelve copies to 

the Governor ; six copies to the Lieut Governor; one copy lo each member of the Council, 

Senate and House of Represent.'lti ves ; one copy each to the Secretary, Treasurer, and to each 

of the Clerks and Chaplains of the two Houses ; one copy to each town in the Commonwealth; 

five copies to be deposited in the Library of the State; two copies cilch to Harvard, Amherst 

an<l Williams Colleges; one copy each to the Theological Seminaries at Andover and Newton ; 

one copy to each incorporated Academy in the Commonwealth; one copy each to the Boston 

and Salem Atheneums; one copy to the American Academy of Arts an<l Sciences: one copy 

to the Antiquarian Society at \Vorccster; one copy to the 1\lassachusetts Historical Society; 

one copy to the Boston Society of Nalaral History; twenty copies to the Geological Surveyor; 

and one copy lo each person who bhall have aided him in preparing the Catalogues appended to 

the Report; two copies to the Library of the United States; one copy to the Executive of each 

State in the Union, and the remaining copies to be disposed of in such a manner as His Excel

lency the Governor shall direct.' 
On the 19th of February 1834, the following Resolve was adopted by the Legislature: 
'Rtsolvetl, tlmt bis Exce11ency the Gov,•rnor with the advice of the Council, be authorized to 

cause to be printed, under the superintendence of the Geological Surveyor, a new edition of 

Professor Hitchcock's Report on the Geology of this Commonwealth, and the Atlas accompa

nying it, with such alterations and additions as may be proposed by the Professor, and approved 

by the Executi\•e; and that e. warrant be drawn on the Treasurer for such sum as may be neces

sary to defray the expense thereof: provided that the whole expenditure shall not exceed the 

sum of two dollars and sixty cents for each copy.' 

'Resolced, that the said fhe hundred copies, when published, shall be delivered to the Secre~ 

tary of the Commonwealth, and be distributed in the following manner, viz. 

Twelve copies to the Governor; ten copies to the Surveyor ; one copy to each of the Chap· 

lains of the Senate and House of Re?resentatives; one copy to each incorporated Lyceum and. 
Atheneum in this Commonwealth; two copies each to the Berkshire l\Iedical Institution, ar.d the 

.Mnssnchuselts Medical College; one copy to each member of the Council, Senate, nnd House 

of Representatives, who was not a member of either of those branches of the aoverntnent for 

the last year; on<' copy to each of the permanehl Clerks in the office of the Secr~tary of State, 

Treasurer, and Adjutant General, two copies to the Pilgrim Society at Plymouth; and the re· 

maiuing copies to be disposed of in such a m3nner as the Legislature may direct.' 

On the 12.h of April 1837, the Governor and Council were authorized and requested to ap· 

point ~ome suitable p.erson or persons ~o make a further and thorough geological, mineralogical, 

botanical and zoolog1cal survey of this Commonwealth, unc.h•r his direction, particularly in refer

ence to the discovery of coal, marl, and ores, and an analysis of the various soils of the State 
relative to an agricullural beoc6t. ' 
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A Report of 139 pages on the Economical part of the Re-survey was made in the winler or 
1838, and printed without any special order. ln December 1839 the Final Report was present
ed, and tbe GO\'ernor was authorized to procure the publication of 1500 copies by a Resoh•e 
passed April 9th 1839, which were to be distributed as follows 

Rrsolved, That the said copies, when published, be delivered to the Secretary of the Com
monwealth, to be distributed in the following manner: twelve copies to the Governor; six cop
ies to the Lieut. Governor; one copy to each member of the Council, Senate, and House of 
Representatives; one copy each to the Secretary, Treasurer, and to each Clerk and Chaplain of 
the two Houses ; one copy to the Secrelary and one to each member of the board of Education; 
twenty copies to the Geological Surveyor, and ten to each Commissioner appointed under the 
resolve of April 12lh, 1837; five copies to be deposited in the librnry of the Stale; one copy to 
each town in the Commonwealth; two copies each, to Harvard, Amherst, and Williams colleges; 
one copy each to the theological seminaries of Andover and Newton; one copy to each incorpo
rated Atheneum, Lyceum, and Academy, in the Commonwealth ; one copy to tbe American Acad
emy of Arts and Sciences; one copy to the Antiquarian Society at Worcesteri anrl one to the 
Pilgrim Society at Plymouth; one copy to the J\lassachusetls Historical Society, and to every 
other incorporatt><l historical Society in the Commonwealth; one copy to the State Lunatic Hos
pital at ~rorceslt! r ; one copy to the Boston Society of Natural History; one copy to the Essex 
County Natural History Society; one copy each to the Mass1chusetts and Salem Chari tabla 
Mechanic Associafons; one copy to the library of the East India Marinf> Society, in Salem; 
two copies to the library of the U nitl"d Stales; one copy to the Executive of each State in the 
Union; one hundred copies to be placed at the disposal of the Governori and the remainder to 
be subject to the fur ther order of the Legislature. 
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ta, Axes of EJe,•ation and Depression, 
Systems of Strata, Dilu\'ial Furrows, &c. 
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liv. Sections . . A, Section across the N. part 
ofMass. ll, across the crntrnl parlai 
C, of Gay head; D, across Mt. Toby. 

lv. Sectio1;1s: E, across tlw S. part of Mose: 
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11,acrosathe ct'ntralparlof\V. Stock· 
bridge : L. junction of M. Slat<' and 
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~ lo ~-a~~:;~{~~ =~;:~~1~;i~~~ac Lake, ~~ ~~ ~~1~:~fdna1t1~8!a!lr ~~~',Middlefield, ~i; 
P View from Monument Mt. 237 ti;) Section in Plnstic Clay, 4:.?6 
10 Titan's Pier, 244 86 Concretion of Limonite, 4:l8 
12, 13. Titan's Piazza, 2·15, 2·H:i b7 Shark's Tooth, 431 
14 Sugar Loaf, 247 8d Ripple Marks on S~ndstone, 445 
15 Diluvinl HiJlocks, Adams, ~~~ 89 to !.15 Vegetable Relics irl New Red ~~~:t~~: 
~~ anSdc~:t'11VJ~~tLi?'r!o~~gluun and Lenox, 256 !'6 Stems of Plants in Trap, 457 

~j ~il!~vVlf! ~~'!~~~~~n~onument Mt ~SB not~o !)1!)ofC~~~~~t~~l~~~l iSa~~~~:~~7c, 4'16~~ :~ 
21 do from Wolcott 1im, Springfield, . 25!J 104 Strata cu rved by footmarks, . 468 

~1 cr;~n~~;~,~~h~lr:~t~ 1J ~~f;. ~11~~oc~.Br~~de~:: ~~~ :~~ ~:~~:~:r~; ~~:~i~i~fi~i~;:a~:n~~~~~.ely, :~ 
23 do of Bradford, 264 107 Clay veins in Shale, 511 
24 Extremity of Cape Ann, 265 W8 Sketch on Rhode Island, 535 
2;;, 26, Islands in Boston Harbor, 266 JO!) do do 550 
27,2.3, Two Views in Squam, Cape Ann, 270 110 Macles, 557 
29 ViewofProvincetown, 273 Ill toJJ4 DisturbancesinClaySlate, 5:>8to560 
30 Gay Head, natural colors, 275 I 15 Argentine in Gran it<>, 562 
31 Mitineaque Falls, W. Springfield, 278 116 Granite Vein in Limestone, f>67 
32 Salmon Falls, Westfield River, 279 I 171118 Curvatures in do 572 
33,34 Spicketand Pawtucket Falls,j ~O 119 \'eins in Limestone, 573 
35,36 lnd1an Orchard, two v1ew1, 2tl2 120, 121 Inverted Strata of Taconic Mt. 575,576 
37 View at Putts Bridge, 283 12'2,123 Ideal Sections of IJoosac and Taconic 
3B Cascade, Royalston, 284 Mts. 578 
39 South Hadley Canal, 2d5 12.i Quartz Veins in Quartz, 592 
40 Gorge or Glen, Leyden, 2:~ 123 Curvatures in mica slate, 594 
41 Cascade in Leverett, ~7 126 Section in Chester, 596 

:~ ~~t~r~~o~i~~e~n~~~=l11ington, ~~ :~· 1J~in~oon/S!~r~~~~i~i~~ ~!i~:· slate, ~g 
44,45 B~lnpish Upper Falls, 2!H, 2!J2 130 Insulated Masses m do 604 
46 Section of Sunderland Cave, 2!14 131 to 134 Curvatures in Gneiss, 630, 631 
'17 Disruption in Deerfield, 320 1:15 Veins of Segregation in do 639 
48 Cliff<1 at Gny Jl ead, 323 1:16,137 Grcenstone Columns, 642,643 
40 Valley of the Connecticut, 32d 138 Sienite and Greenstone, 646 
50 Valley of Green River, 335 13!J Grecnstone Dike in clay slate, 6.'52 
G!,52, Sections across the Connecticut Valley, 3:18 140 Section between Montague and Gill, 654 
53 S?rpentine Stream, 344 141,142,143 Trap dikes in Mica Slate and sand· 
54 Arched R'lck, Zoar, 345 stone, 655, 656 
65,56 Lusus Naturm, 346 144 Columnar Sandstone, Mt. Holyoke, 6.'59 
G7,5S Pseudo-fossil boot and animal, 347 145,146 Crystals of Lincolnitc, 6621 663 
69 Sand Ridges, Russell, 348 147 to 130 Trap dikes, Salem, Cohassett, and Bev-
60 Pseudo-~ossil ~nimals leg, 3.i!) erly, . 671 lo 673 
61 to 66 Sections m D1luv1um 356 to 3.">8 151 to 153 Veins in S1enite, 674,675 
67,63 Section bencat.h Ct. river and in diluvium, 359 1~4 Position _of Sienite in. Whately, 67S 

~5, 7~,e~~io~~c\~~n~~~~116ue~~;I Clay, 362 to~ : ~~ roa~mv~~n~f ~~ap!~~t~~~:~te~asses of gr'!~ 
15 to 71 R'lckino- Stones, 375, 376 201 Crystal of Tourmaline in Quartz, 702 
13, 74 Diluvial Hills and Valleya, 366, 3671 ite, 684 to699 

60 D1luvial s~:atches, 386 202 to 275 To illustrate the Elementary Prineiplea of 
81 Crest of Mt. H'llyoke, 390 Geology. 716, to BOO 
82 Hummock on Holyoke, 3!)l 

Errata. 
Only the following Errors of much importance haYl' yet been noticed. Many in orthography a.nd punc

tuation will undoubtedly be found; but it is hardly necessary to notice any here, unless they a.re 
1uch as to mislead the reader. 

p. 49, line 2J from top, for 241 and 242, read 185 and 187: make the same correction in lines 25 and 28 
rromtop. 

p. 125, in the caption of the composition of crenic acid, transpose oxygen and carbon. 
p. 3':?;, tin(' 17 from top, for at read a:r. 
p. 358, line 5 from bottom, after abutm~nts ndd 1 and pit!r:r. 

p. 423, at top, for Plate 55, read, Plate 54. 
p. 42'>, line 14 from top1 for Plate 55, read, Plate 54. 
p. 807 against No. 2591, for JJ'Tentham, read Alan.'l,fic.ld: and against No. 2592 for the right band do, read 

Wrentham. 



POSTSCRIPT. 

In sciences pursued with so much zeal and ability as Geology and Chem
istry at the present day, the lap'e of a year often brings out important dis
co1·eries. During the longer period in which this Report has been in press, 
some de1·elopments have been made important enough in my opinion to de
mand a Postcript. They are inserted at the beginning of the Report, both 
because of their importance, and because of the well known fact that this is 
the last part of a work that is printed . 

.1Yew TVork on Organic Chemistry. 

llf ftiii!i\iitiiiii{tl~ 
dl'~:l't: ~~;~0;;;1}~~~1 i~ 1;'J~~~;~!::~so~r:a~b~u;:~1:c~d,L~i"S1i~r af~~::;stl~~ca~1~~:i;17<'~~ ~:~Ji:i~,0~~1.at -~l11:i~('c:i~:o~1~~ 
lhf'y_abso.rb gt'uH', or any of its compoun<lA,_a>'I nrnmsh1m·n_t; and he suppo~es _that_ th<' gcinc (lnun~ii, or 

~~t~1~;~tl~~~~~~ ~~1;~1;~{0 a:1:y i~~~~~~~ f~1~r.r~~1sn('g p~1~~~~·;,;c tfi~~d r~~t!~~i1~~~a"ii:~ ~~l;~c; ;~t~l~<~·~~i~1~s~. tl~~;sJ~~~ 
bi!(, 1 1111.tl1·mpt1n~ to show that lhcrl' arr no nwan.'i 1n 801ls for d1ssolv1n~mort' than an 1nfin1lt'lH1imal qunnt1ly 
of gein<', should h1vC' overlooked lht' lwo mosl imporl1rnl m1•a1u of ih solution. He 11uppOS("S thnt rain wnlN 

i·'~~.~;~;g:!~~:f J:;~\~~1o~~ILt~i~~~:g:1~~.~'.~I:~;: f ~:g~~.f .:.:~if ~:~;~~;J~i~;1~~}~~:~;1;~;.~g· 
rrn~~1~h~;~~~:l0~0l)~~.1D:;~11;,; ti;~';: 1~~f1~:~:r1·s~~~~t;lf~1:~:~~) to remark, ar(• th?se whic h have most wid1•ly 
prcviull·d nmo ng sc1c11 t1fic men in mod<'rn twws, viz. that plants dni\·1• tht•tr nourishnwnt partly by nb-

~~~.~til~~:r~~~o~l~I' c~~~1~1~\~1~;:id a~~ ii~~~7ri!t!~k ;l~~ ;;,~c:o,~~O~::c1i1~~1.t~~~!n r~~~~l e ~~~~o~~~ po~-:~:i~~i l~ [1~:~:1;1~~~~~ 
ishmC'nl i 11 dt•rived from tlwsc cl iH~rPnl sourcC's. 1nch_·C'd 1 it w~uld not bf' Rurprising i f it. should appear, tho.L 
pl~nl!! havt• such a. pow~·r of adapting thC'msdn11 trJ d1ff1·r~·nt .c1rcumstanc1·s, t_hat lh<'y ~night sonlt'ltlll~·s 11u11-
ta1n tlwm~c l v<'s ~xchH11Vl'iy from the o.tnimip lu·r.', and 11omrtunl'~ from th~· s~il : somctimt•s by cnrbon1c l\c1d 
nlon•', nnd som1;t1mC'R by g(•i11c 11.lonf'. l f~ud1 he tJ1t; casC" 1 1l nught n•concilc some of the eonfl1ct111g ex
p('ri11wnt:11 and opinions on thi!l subjcct. 

Organic ./IJatlers in Soils. 

~£:~~:I'~:,~::rq,;f~~~~~:~~1;:;r~~;~,;E,~d·i~S/~:~~1:~~~:~~~l~'~71rJ~;:~:.f E;;~;'.li:rJIS:E:~~:.::~: 
:md 1mhstltt1lNI for it that of hum1c nc1d. lie has also subsl1tutC'd /iumrn for carbonaceous mould. JI C' .. 1111\·m· 

;:~Jj~~,~~.~·;~~~:,·.~~'.;~~£·~~:Y?1:~~~~;~~,£~i~0:i~:t{i~:E:'~f i~~i~f :>:i;~i·;,:~~~;·;~~.{~!E~·!~~~ 

i~f.t:;r~~:;f (\iH~~1~iER~~;i::f ¥:;~?~t;:~~f ;E~'If ~:~~~1,Ft~~~i:~~:~~~}1\{~:n~)~~?E~~ 
Fi:: i i :~~;t bl1~1: ~ ~~~~;.~~~~·~·v~;; ~~:~~~·s1\~!thl~'\;, rfi1 \~Yl~d h<i:~~:~·t'~~~ ~~·~~~~l1:111~1: :::~ ~1111[.f ~1~~a~~~~\~rl~u0r~~f;'.nC' 1 11:18 ~ 

f i:~~~t:~:f..'1~~~;~:::~~f ~~;;si~~~:~~:~:~1q;:r.~1.:~~~~~W~bf J!ff ~z~~~:;.1:;,~1r:.~~1~~~~:i~;~~~i~:~.~.: 
lorendcrita.nC'fft•cltrn.lmanurl'. 
A c~ordin!!' Lo th,.,.s1• vil·W~, wh'lsr truth_is fouml~·d not o:t thC'ory hut e'."l'.p1•ri1·nct-, v.-C' co.n_ !{('('how analyM'll 

gf i~·i~~?::.~~·~";~;~~::f ::~:~",~j::~n~1if ~ff :li~X~~·i~t:~~:~:i:i~:;;i~:~~~~l:~~~:;~:~;~::r :;;~:::~:If ~1~~:~:\~ 
di·,1;.~:~d~ ~.~ 1~1 fr~:d .. ~~·~1~::r t'~P,~~. ~~~:·P~~~~~: 1 ~t)o~~l.'!.~~111:' 11g~;~~;~~,~~:.~~~:~1r;1°~1f 111~c l'lnguage o.nd principl • of 
l>r. U.·J1'1inthi1 H1·1"1rl. 

l<I 
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Distribution of Sea Shells. 
In Ur. Gould's Repnrt on the> Mollu!!ca of I\la~!HH'husl'lt!ljust ri..ihlishC'd, a fact of nn small g."~lo~-~nl in

terc·st is given respecting the marine shC'lls found on the oppositl..' sides of Cape Cod. l prPscnl1t 1n hitt O\\n 

lai~f~~l~edistribution of thr marinr sh<.'lls is well worthy of noticr ns a geolo,gical fac~. Cap(' Cod, thl' right 

~;~~~~~r.'.~~?:~i~:~~;.~:~~~!i;::~\'.1~,:;::~~:,~;.~:S·~J~~~fa',:\t;~::~~;:/~~~;;:·~~:·~:,~~;;~1;~.;;: 
arc> f'ff~·ctually ptl"\"C'ntrd from mingling by the CttpC', and do not .pass from one s1~1· lo the ~tlwr. No 

f :1i.t~~it~I~!~~tf ~k~t~~::i~~~~f 0:~~~i/~}~\~~!:Jl§tfi~~f :iHf 2:;~~~0ti~~Eif~;;:fii 
Report on the F ossil F ootmarks. 

ff ;t)~~~~:~!N~}Y~J:t~iif f tJ:~f }~~:ii~~~l~~I::~~~~~~;tr~1r~~~~;{~1~~1~Jii~]t~t}~f E 
port was presented. 

Report on !he Omithiclmites or Footmarks of extinct Birds in tlte New R ed 
&ndstone of Jl-Jassaclmsetls and Connecticut, observed and described by P rof. 
Hitchcock, of .llmherst. 

Th<' undersignc?, forming tlic Committee to whom th~ suhj~ctofthe origin of the Bird trnck_s of Professor 
Jbtchcock _was assrgned, b'.•g l~av<' to .Pr~sent ~he folio"•: mg bnef R eport. 1t may be well pr~\·1om1ly to state, 
that.th(' ohJf'Ct ofthl' m£'~t~ng m apprHntmg tlus Comm1llt'C was found~d solely upon tlw d~sm• to p~oducc if 

rl~~~~~1:0;I ~~j~~~!~:.f 0 )~n~c;:~• ~~:;~ct;;•il~~ a81~~;~f, 1!1: j~ 1~1\~~~~~;;;~fy d~~;~~~1l~~O~~t~~~t~'~('~~T;,~l:~!~~:~1~ ~r. 

!~:,~·i~:~:~t~~o;~~:~i,~;r:.r.~,~r;1\~~~:~;~~:~.~~d ~:.\~t~"~,~~i:~~:i·;,:~{~J';~~£,:·,~ :~:;~~:r,,r:~~r~~~l~~~~: 
whose footmarks were nnnlogom1to,1f not 1d<'11llcol w ith thos<' of the tread ofb1rds: On th<' contrnry,1fwrong, 
Wl' w<'rc pr<'s<'ntctl with anothN cluss of faC"ts, which show that certain nppcarn nc<'s !lu pposl'<I to bt•long1mh.·· 

~~o;~~~'\i\'.~~i 1\~~·S~J~;~s~c~~<'0~h1;r~;~~~~c/ ~fc~ 1~tp;~~g~\~i1~\~ J~~:fr~J~~t~ji'1~~~~~s· ~i~: ~~t~~~ '}~:ndtc~~:· ni1~1d1\:~~~~ 
thC' facts of those who a11sum<'tl the opposite opu11on. Tl 11.· fi rst and most obvious 11npn-sK1on upnn till' fiund 

~::~·:~~:~::~:/':;~~~,:~:~t°t~;~;'.:~:;:~:~~i:~::t~:,~i~~~!~1i;~·~~i':~:=·:~;~~ .. ::·;;~::~iL~00~~~~·: .. ~~~:~:~~ 
~';;::1~:,:~£~:~~:z~:~~·~:~~;::~~;::x,':~::' ,:.'~~,~~:~,:: .. ;,~\~~;;::~f;J~!~:~~::r~h~::~:!1,,1::~,~~··:;:~'.·',::.:,·~~i~· 
dir<'cti~n o~ ordC'r, as might naturally be s11p1_)os1·d of a bird or :i.ny otlH'r animal ha\·ing no pnrticular place or 

~~J~~~i1z11r,v~~~ · c!~s~~~·~=~r; ~:.1~1~;1~r~t ;\~c~c~~" 1d~~;n~:~~f,~t ~:~::.~b~h~v~~~:t:~e ~\;~:t1;\~l'.~,f~::~i~~r;~;:r,~:'.~1~, 1~b~ 

i~f ~i~E:f !itr t:~~\~lf~1;6:~~~:~~~~~;:Jt\:B~~:t .~,~~J~f ~1~:t/tl/:§;.:tf f ~;i1~1i.~\~iHD1 

!if 1111 If lililltl!ltl 



Postscript. aS 

~f~~~~~~~!i~~;~~!~~~~~~~~~~~~ 
lief, was the partremo\·ed whenthefucoide was attached to sandstone at ils upper p:.i.rt. llmayahobc 
atated that the appendages to the heel of some of the New Englan<l track.s, might have_ ?een caused 1.iy u. 

llt11111 lllitl:11 
:;:~~~r~:c;J;!i~~~~?~~~~~~~~~:~:~~f'kf :~~d:~~~.~~l~:!'fi~~1~~:~~1~~Jr~~~·:·i~i~i~1r~,~.:·g~ 

LARDNER VANUXEi:\I, 
RICHARD C. TAYLOR, 
1'~BENEZER Ei\DIONS, 
T. A. CONRAD. 

Glacio-aqueous .fiction between the Tertiary and Historic Periods, denomina-
ted in Report, Dilztvial .!lction. 
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:i~~~~t~~t ~~~~~~r~~°::i 1::!q~:~c c:~c; ~;;~,~:~~~u~;1~~~~r1ti:~~r~~~ ~~~~~ :~~i~ ~~; ~~:?,!~~~ .. d, ~ e 
"I find another difficulty in explaining sat_isfiu::torily by this t_hcory, how drift could have been oftf'n ca.t 

ricd from lower to much higher levels i as 1l has been somc·t1mc·s, without doubt. Thus, the S1h• r ,_ ~ 
rocks of New York and the quartz rock in the weslt>m parts of :Massachusetts, have been car i 
over lloosac and Taconic mou.nt~ins and the Highlands of :New Yor~. It is easy to conceiv~ _how an m
mensc shed of ice, by its expans1,•e power, should force portions of 1tsmass lo ascend d:cliv1lies, ofa r 
hundred foet; but not so easy to imagine them thus forced upward JOOO or 2000 feet. 

" Another difficulty results from the fact, that some of the mot>t re'"?arkahle of our moraines are found, 
in valleys, but on the sea-coast, some of them 50 and oth£>rs 100 miles distant from any mountam, m 

~~:~;t;~r .f~~;1!~:~f t~:~~t~~~f i~~~~:t~~~f :}~~i i~i~f :~~~~~~~:~~l~~~~r~f ;::¥~~~; ;:: :~ 
th:~~:o ~?~r ~~~~i~~;~=~~/~8;:sul~i!~iv~0m:S~i~j1 tfie n; \~~:~01~~~a1~~~j~ ~af ?ct~~~:~fa~~i~:nnc:o;ft~~~~~<~ 
be lieve it1 fundamental prmc1ple to be founded in truth. Mod1ficat1on1 it may require: for 1t would 
1trangc indeed, if it had already attained perfection, even in th.e skilful hands that have ~hus far form<'d • 
fashioned it. But I can hardly doubt that glado-rupt,.ous action has been the controll111g power m 1•ro· 

~;:i~j ~~~~~'. 1~ 11:i':;~ ~~;~~dy {~a:1\~i;1:,:e~~:;ro!,~"1gk:~e~;~, ~~~~~1~B:t:h~r:1~bi1::r::a: ~~~~~'tt: "e 

;,~i7~'.~§t;i~~t1I~~;:I~Ji:~J[t~i~}Er;t~{~;ii~~if~g~;t~ir~~!;~if~!~:¥£i~r~{I:~~ 
frequently break offfrom this glacier and float about as icebergs in the lake. 

Glucitr and Lakt of Jllct8r/,. 

g~?:;~~'.!~~~~~~f J~~t~fr~[1~~tJ~{~i.t~H~~z~~r:~~:~~~~f !~I~~~~~J~~f t:~:r~~lf ~;E~ 
.lliguillu,, form~d by the inequality of the surface beneath, and the melting of the ice above They are sho\\ 1 ~ 
alaoon F1g.2n. 

~:1~~0£!:!!£~u·r~~:;~~~)~~:~~l ::~~aeo~1!.~:t~i::m1::!1~ii~:CJ~!::':~:u,~=~~;;,do:~h::~~n1~:~~~~~~!J~d ~er:~:: (U¥ ';!: 

!la 
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In F1g.2i7, \11chan• a.vi(''" 

oftheuppcrpnrtofth(' gla-

1 t~~e~1' ~J~c'drs~~1~i ~~c~t ,J:roi.~;;,~ 

., -1· ::t~;:;~·::~,\:I:::~~~:, ll:~~:;~~~ 
..,. medinlmoraincs:considerably 

). <l;stu•bed, how<'""' bytlw ,.,_ 

~ ,,,. ::1~~~~}~~:~~
0

J ~~~o:::~r;~;d 
! massesofschii;;l,i:<cscrpt'ntinc, 

I 
p•o<luccd by th" expau,;ou of 
the glacier. F1rr. 279, shows 
two sets of scrat;lics., ~rossing 
each othcrntnconsiderabfo 

. f:~i~~;~f.,~~~i~j~lfi~:~~: 
the smoothed and strn1.ted 
rocks ofthis country will be 
struck withthC'ir<'xactn·sem· 
blancctothcabovc. ltisnot 
unusual also, to meet wi_lh 
surfaces with twosctsofstrnc 

~~(r~'il~i~ i: 1 ~li~\1tt11~9 c~:c~~~~ 
~;~d~i~fic 1~>o~:f1~edsJi:n~~~~~; 
of_Ohio_. Fig2~1 is acasl' of 
llus kmd, copied from the 
creslof MountMonadnoc in 

~~;vo/!:~r~l111:~cdi,,~~~ o11~r; 
,· 10,"' and it is nol common lo 
~ sec a much greater divNge1~cc 

~' q h~~i1~_~ 1!~~11~e~~~~t~~l~~a;~~~ 
~ , { ~~lu:'c:~~~~c~ffn:l~ca.an~:~~ ·:~ 

~
\ ~:~~:/r.~':n~;v;"J~~;~.~".~':'h 

I · rocks in thcAlpswcrecalled 
'•\ by Saussure, Roc/1t'S mou-

~,, ~!~',:;,;;;~~~~~iE,~~:,~S~i 
' plalt>e of Agassiz, (Et1ult~sur 

le~; Glarias,) is shown on Fig 
2771 at its lower part, and on 
Fig. 278 more disli.nclly. This 
same appearance is lrl'quf'nt 

eelts; but one ofthl' m~~a~f~~i~~t';~:~~1!i~!"1~1i1i5have ever sl'en, occurs o~p~~o~~et ~~~:!o!
1~~:a~~~ 

Hampshire. A large part of the crest of that mountain, and its northern and ~orthweste.rn slo 1('!':, arl' cov

ered with these protuberant and rounded rocks, whose surfaces often show distinct strite. An attC'mpt HI 

made in Fig. 2$2, to represent the aspect of one spot about 5 rods square on the crest of the spur of l)1onad

noc that runs southwest from lit& body of the mountain. In taking the sketch the eye was directed south

e.asterly, which was the coursether~ taken by the glacial agency. Hence the protuberances appear more 

like spheric~! domes than they arc m reality i because they are generally much longer in a. sou the tst and 

northwest direction than in any other. This spot is not less than 600or 700 feet. below the summit of the 

mountain; but rhe same appearance is common even almost lo the apex 
On page 389 of this Report, I ha,·e given a briefaceount of diluvinl action on l\Ionadnoc, deri,·cd from 

my assistant, Mr. ~braham Jenkins, Jr. The int~rcst ~d1i?h his description excited,_ has led me within a 

t\::w dn.ys past t_o visit. that mountain, and I found it prolific 111 the marks of former glacial a_ction. 1t consists 

~!·Ii:t::~~~.F~:;:!~~~~"~:~~:;~~~~ili·;; ~:~~~£:-;'~~~::-~if::"7!:F:r:~:~fr~~~!i·~:L0i~;~:;,~~.~~: 
and the region around the mountam, the h1ll:i as well as the valleys m its \"IC!ll1ty, abound with fllrin.tcd 

rocks, angular blocks of stone, and occasional moraines, The direction of the markings around l\lonadnoc 

and upon its southeast('rn part, i~ nearly N. '"· and S. E.; but near the summit of the mountain thy ap~ 

proach more nearly to the merid1:m, as near sometimes as 10° by the compass 
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Fig. 279. 

llockstriatctlby Glaciers. 
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Fig. 280· 

Rockstrintc(lby Glaciers. 

Fig. 281. 

Striated Rork: No11adnoc. 

Fig. 282. 

Emb11ssrtl Rct!.s(Uocl1c.•1n·ttlonnees):.llonadnoc 
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~here are several peculiarities .in what have been called the diluvial phenomena of this mountain
1 

with 
"!Inch I shou_ld have been exceedingly perplexed, _had I not read the recent Etudts suT lu Glaciu.t by Agu· 
~ 1 z_. Thestrue on t~1e rocks are not ll.ll ~1stmct as in. many other places, and the difficulty of observing them 
1s increased hy the fo.c~ that over a considerable portion of the southwest part of the mountain, the strike of 
t l_1e _lami_me of slate comci~cs very nearly with that of the scratches. Nevertheless, they may generally be 
d1st1 ngu1shed by the practised eye, and on a ~arge part of the mountain they cros!t the edges of the slate at a. 
co_nsiderable angle. They are.frequently visible on the sides of the ledges; and on the north side of the 
prmcipal peak, they are sometimes S('cn on slopes from 20° to 70"'. And what is still more unusual, they 
a rc seen on the southeast side of the principal summit, where the slope is steep, and se\•eral hundred feet 
below ~ he top. But the rod1es ntoutormets a~e the most. strik ing peculiarity of the ~henomena under con· 

~~1;.~!~f ±~~f fi::~~~~~~~f ff ·.~:~:;~~~::~~:;r~~:·~11f f ~;;:;~~f~~i~i~t.~~t~~f~~d*~~ 
r.onsulcrab.ly resemble the swells of the ocean ma calm day afte r a storm. Frequently too the effects of ice 

~~~~~;:}~;::;;;~:~1~l~:~;,7;:,!·:~"~f~~~~~::~;H:::~:~r~]!;I: ~!, ~:.:: ~;~·h;~~r::"r1:~·~~~~~ ~i~~~;;~ 
of the mountam,) we sec where large masses of the rock have be<'n forced out of thelf places and earned 
away. Few loose transported block1:1 now remain upon the mountain. 

~I~f ~¥t~!~[~i~~ljJtlt~tl~f~f~~ 
r.rowd('d out of its plucr, or the ice have been swellPd upward and forced ovrr it. Such an oprration must 
J:a"c broken the ice Cl)nsidcrably, and this m'ly explain th(' irregularity of its action towards the summit of 
the mountain, which is greakr than I have witm.•ssf'd in any otlin pince 

Jfthesl.' viPws ar<' corn-ct, we cannot probably inf<"r that llw sheet of ice which coYcrcd New England 
was quit(' as thick ns the lwigh~ of' I\Tonnclnoc i lwcausc it m.ight hnYC' been S\vcllcd up considerably at thi11 

b~~~~ ~·r~;1~nl~~~1~~lrQkvse os,~~sg~·~t;~~\ ~~:~:c:~p o~:~l'~~i::~~~~~tf~~ :~:u~~o 1::~~k ~:~~o li~~~'.J'~~:r/~~cf l~cril ,:~ ~~~~~ 

~l;;;~~~:~~~:~:~%~~:~~;~tfi:f::~~~:~,\t·~~~~~J:~:i'.E~;*;L::::~;:~. ~:::~ ::.::n°J
0

:,::h;:,.::•:I::~~ 
;\~~~1W11~r~~~~=d~;; ~~8q~1i~~,:~~~1r1:~~~~:i,tJ~d1 ;~~~5!t~~s~1~~hs~:!~is. ~u~d '~~~~~~~:rl 1~:~;a~o~1~~~~1 o~~9sit~1~~a~ 
phenomena there m the following Report. 

.Moraines. 
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~hep:~~~~~~= ~~aJc~~~~~a~~:Cn~:~~::~~8 ~~a~11t~t~,:l~~~a~.nc;.~:c ~~:r!a;~c:!:;~,::~'~;1~~k~~fr;~!~~ i~:~~~ 
onen thickly slrcwed over with Joo!!\.' blocks; but generally they are not much rounded1 and appear as •ft.hey 
resulted from mcdinl moraines, vNy much scattered. Essex county abounds with such examples, po.rhcu
l~rly on Cape Ann. (See Pigs. 2i, 2t1.) They abound also o\'Cr the greater part of Worcester county, par. 

ticS!a~!~:: t~a~:c~~:ntl~t1~·c~t~:~;l~~~c~t;l~~~~~~~~~n~~
1~6'~ accumulations of grave_! and bowlders i.~ th~ 

~:~~~~~~ s::r~=h~}11~0!~~1~c~~l~~t~1~:1~la~h;~abt~r~:a~~~aai~~~n~o~t6~~~~~nc
1~~~rrJis~:~~~~lt ~11~l~:0!J~;:; ~::: 

~~~~~f a~~1JJf:~F~f ~;~~~~l~lf~if~jf I·~J;\~~i~ 
::;;~~!-~:ri:~;~:~:;i~~::

1

~\~;~~~~~~,;~f ,~::;r~~~ ::·;'~iJ;;' ;: t~;v:::i'.• ~~;~h;;~;;~~~;l 1~[f,"~u0{i,~'~::~'.;':;,d ~l 
ilil at the entrance of this vnllC'y on thr north, that w~ fii1d both terminal and. latrral morauH'H. 1hc m_oet 
southerly of these arc pushed a considl•rabk di.stancc 111lo the valley, the dctr1tu_11 (mostly gravd,) islu:~wmg 

~e~~~~~ef1:cf~~~~·pu~1~!c1tl~~u~affr~5i~:~~~~~~l~~:1~~ %~c~~1~~!~o ~~;t~a~~?t!:\~1{1:~:.ng ~~ ~~:.c foal~~,;. ~h~~ ~~I~~; 

;;;~g~~~;?.~¥l~!'i~1~f ~~"f!g:~~~:tf;)~?:i.~s~~f ! 0tijf~lf ;~~1?i:I~~~!i;:~fo:J.~~!:~f 
beyond the opening of this valll'y, into Sunderland and Amherst; but whether by glacial or aqucou.. 

g~~~~g.~~1~~r~~§~~g.~§ft:~~~~11::i.~t~~:~2~ 
thoug!1 I apprehend hC're was a bl1•nd1ng .o~ tC'rm1nal and latC'ral .mor~ines. Jn this group occur the singular 
tumuli and tort~ous ridges of gro.vC'I, exh1b1t.C'd unpt•rfC'clly in Fig. 73 of this RC'port. 

f?n the east side of the gorge above d1•scribed! we find moraines.at a m.urh higher level than tl10se juB_l dl"-

i~;:~~~l'~~;~r~~~~:~Pf~JJ~;g~~~~~~~~t~'.~i;~~~i~f :f ~1:g3y1~f g;7:~I~~1~~::isi~~1.{g~ 
however, that tlie upper moranH'S may have been pushed to their present height by the rx.pans1ve force of 
the ice, even from ~he bottom of the valleys i and the lowest ones have been produced b.y 1L" retreat. The 
remarkable de_nudatrnn of~lount Holyoke', how<'ver, dC'scribC'd on page _3ti!\of the following RC'port, I can
not e.~p_lain without supposrng the surround in~ valleys filled at firs~ with ice _nearly to t_he top of that 
mountain, and then that anothC'r mass of ice, loaded with detritus, was slid over this surface, and 

~~~~'::~~c~~r tl~~e ;;;:u:1~s~ur;~;~~~C'~utb~hcth~~~a~:f1~~s; v(l~:fi!c1 ci~ist~~~tz~~la~~ _}~~!;;ia: T!~s ~/~~).~ 
but ~he work must have been aflC'rwards earned on part.ly by water, loaded .probably 1:'Y ice and detritus, a. 
the ice gradually m~lted away. for such troughs (lapw:) m the Alps arc found due ma nu:arnr!' to water. 
And yet, the denuding effects of ice must have continued even to the bottom ofth~l:iC vall<'ys: for. tbC'ir sidee 
ahow those pC'culiar strire that can bC' the result only of the advance of rnasi:;es of 1cc. In short, 1t seC'ms to 

~1~!~~~1~~caf~!~~e~ ~~ ~~~s~~~::~~~\ t!1f t~:,:t~t~:ic"~~~i~~.0~1~::esi~\~~s n:~~~jeoi1;:~~~~~~ o:r ~:':~;t~!:t~~; 
And if the ice must have bf'en 2000 or 30~ feel thick, it could not have mf'lted away without the production 
of immense currents. Indeed, the term dtf11rit1l would probably be s~arcely_ a misnomer, as appli~d to the 
last part of what seems to me now more appropriately termt•d the .!flac1ul period. 

Through .the middle of ~mhcrst, from Mount Toby to .1'-Iount Ilolyoke, not less tbnn c,ight miles, there 
extends a high and broad ridge of_gravel a.na .bowld~rs, mtC'rrupted, howevc~, by two smnll strC'ams and 
other depressions. On ~he west s1dC' of tl~1s r1dgl', Ju.•s the valley of ComlC'cltcut river: and on the cast a 

:;~~~~v rrd~~e~;d)a_~~~e~n~l :~~~n t~l~ell\i!~~ !~~~st ~f,:~1;:~m~ug~~ct~s ~~ ~~a;:r~~i~e~~m~~er\~~1 i~~o~f I~ '~~e ~;t~ ~:: 
moraines, (which, 1f I understand it, forms a medrn.l moraine',) produced by glaciers .m the two valleys abovo 

~i~:if ~l~~i~:i~lf~~~~~~~(~~~(~;f.i~l!;~~;:~1~~~:rr~~iv4:~:~~~f~:~.~~,fa~~~~:~li~~:0;g~g 
beyond the valleys of the Alps, h_c could not find t~rminal moraines: ~nd that" m open ''alleys ond broad 

:~?:::;~:·~e~~~:~::~:;~i'~}~:0.~:;:~:~~~~:f.~·~1~~:~~,~£~::~~:&:~:E.~;~;:~:~;r:::~~
1

~:.~~:i~~ 
~0:1~i1:R::o~~e o~ aws~:t~fi~1;~!~ 1~~~t1nn;~ r:r~~~~~~~:n~y of~~: ;tiaa:dd ~:~c~r~~~tx0~17~~8 d~~~~h ~nh~~~ g,~:c~ 
ahi_o, tumuli m.ay have hf'en formed out of lateral. moraines b~ streams of w":ter descending from t6'~ 

•ne1ghbourm.g hills: as perhaps .may have been done m the formation of the tumuli m North Adams, sketch
ed on Pia~ 3, and tho.e on Figs. 15 a.!1d 19: th.ough I doubt whether the last example wae thus produced. 
I 1uspect it to be rather a part ofa terminal mora.mc. 
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of ~~~~i~;,5 a11t~1::~:odt~~ ~:lt~~e~:~:!~~l;.r ry;~~b;~i!~n~oct1;b~1~dct\:~e 11t~ Reoxuan~i!~il~h:~d !~ilt~ie s:~~fclL:~ 
ea.re to go into detail.:1. 
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~'!,~~:i~:::1:1~iJ~~1':~~~,~~~~:~~~~~£:~1 ~I{~i~i 
brnnchf'~ of Miller's river mute. lf I mistake not, several terminal morames may be seen there, cu.t through 
by the river. The principal part of the drift appears to have b~cn brougl~t down the valley runnmg north 
a.nd south. Other examples occur on the east side of the principal valley m Berkshire, as we ascend 1-loosac 
mountain through the latera l valleys that debouch in Le>e and Dalton. Similar phenomena may be seen all 
n.lon&' the 'Veslcm Slope of Hoos(LC mountain, where the moraines and the detritus of moraines and the 

::,'~~·;!~~~:i.~'.;~;~~:,~1:~~~t~~~:;b~.~=~~t~; ~~;~:~~:J ";~ ",~)= ·:=~~~~ru:::.•: l!~~d~,~~~e b~j>1~,~i~~;;~ 
1'/(t//('!JS, J do not feel prepared to glve a decided opinion. I will only refer to lhe terraces seen m tllebasm 
of DcPrfield meadows. The most elevated of these are certainly composed almost wholly of horizontal lay
ers of' clay, deposited above the drift, which clay was subsequently carried away from the central parts oftl1e 

;:~\~!,;s~~o. ~~r~ ~~1~vfa~c11~~r~i~i~!~ ~~';' ~la~1\;~s d~~~esi1~:l1 't~111i:f\~1~y ~~r~~~r;:n~;:11in c~~:~~~{J ~~~fi°~: 
found s1m1\ar to tl~ose in Ueerfield. But others may have been produced by ice, whose monunes wero 
aubsequenLlymoddledbywu.ler. 

To conc l u~c: the theory of gla_cial actio~ has imparted a fresh and a I_ively i:z:iterest to the diluvial phe
nomena of this country. lt certamly explains most of those phenomena 1n a satisfactory manner. It seems 
to ml!, howeve r, that Ute term Glru~o-aq1uou.s action more accurately express this agcn~y than the term 
glacial actio1t: for the effects refernble to water ~re scarcely less than _thos~ produced by ice. _l could wish 
th~t _the theory ga.ve a more satisfactory e~plana.l1on of the south<'rly direction taken by ~he drift. Perh~ps 

rg~~~~~~l~::~~:~~~~1:~,~~1~{;~;~~:~~~~~~f ~~~~~:J{~~~!Sf~~~~~~~F:f ff i~Y.~;~:~~ri:~~;,~r,'.f !f 1~ 
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come ice. Let it nexl be placed in its present orbit and commence its present motions: nnd would not the 
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.Jldditional Errata. 
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p. 475,li!tC 4 from top , for rau(yreu.d11111".rlf 





PART I. 

ECONOMICAL GEOLOGY 

MASSACHUSETTS. 

THE commissions with which I have been honored by the Government, 
for a Survey of the Geology and Natural History of l\Iassachusetts, have 
directed my attention to the following leading objects. 

First, to collect, examine, and analyze, all the varieties of our soils; and 
to suggest means for their amendment. 

Secondly, to search after, and to describe, all those varieties of marl, coal, 
ores, rocks, and other minerals, that are of pecuniary value. 

Thirdly, to describe the most interesting features of our natw-al Scenery. 
Fourthly, to describe the rocks of the state scientifically. 
Fifthly, to collect specimens of all our soils, rocks, and minerals, for a 

State Collection. 
Sixthly, to construct a Geological Map of the State. 
Seventhly, to prepare Catalogues of the Plants and Animals found natur

ally within the limits of the State. 
Jn the Reports which I have heretofore made, I have embraced all these 

objects to a greater or less extent. But as the facts which I have given are 
scattered in different reports, I propose in this report to bring them together 
in systemati? order; and to incorporate with them other facts, which have 
been brought to light since my last communication to the Government ; that 
they may have a connected view of the geological resources and the related 
interesting phenomena in the State. I have thought this a better course 
than to present a mere supplement to my former reports ; which must either 
presuppose so much acquaintance with former reports as to make it obscure, 
or refer so often to facts detailed elsewhere, as to make it equally voluminous ; 
while it would be less satisfactory than an entirely new report. But since a 
new Commission has recently been constituted for Botany and Zoology, com-

3 
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posed in many cases of the very gentlemen to whom I forme~ly resorted :or 
help, I may now pass by these subjects, and confine my attention to our Mrn

eralogy and Geology. 

THE GEOLOGY AND CHEMISTRY OF SOILS. 

The Economical Geology of the State will first receive attention. This 
will embrace the two first objects of my commission as stated above. The 
snbject of Soils-their origin and nature-analysis and ameli~ration.-some
times called Agricultural Geology-will first come under cons1derat1011. 

Origin and :Nature ef Soils. 

All geologists and chemists agree in regarding soils as the result of the 
11.brasion, disintegration, and decomposition of rocks, with the addition of 
certain saline, vegetable, and animal substances. Ever since the deposition of 
rocks, various agents have been operating upon them to wear them down, to 
cause them to crumble or disintegrate, and often to decompose them into their 
proximate or ultimate principles, while they have been constantly receiving 
vegetable and animal substances with soluble salts. The earthy portions, 
however, always constitute by far the largest part; and hence, if we know 
the composition of the rocks whence they were derived, we shall know the 
earthy and metallic constituents of the soil. Now we find that nearly all the 
rocks which exist in large quantity, are composed chiefly of silica, alumina, 
lime, and oxide of iron : and these are the ingredients that are found almost 
invariably in soils. Magnesia is als9 usually present in small quantity; as is 
also manganese in some soils. Silica is in the largest quantity, both in the 
rocks and the soils ; alumina next ; while the other ingredients arc in much 
smaller proportion. I ought, also, to add potassa and soda ; which are very 
widely diffused, though not usually in large quantity. To give a numerical 
statement, derived from numerous analyses, such rocks as most of those in 
New England contain 66 per cent, of silica, 16 per cent, of alumina, 6 or 7 
per cent, ofpotassa, 5 per cent, of oxide of iron, and of lime and magnesia a 
less quantity: and the composition of our soils will probably be found to cor
respond very nearly with these numbers, with the exception, perhaps, of the 
potassa which may have in a good measure disappeared by the operation of 
vegetation. 

A large part of most soils being merely rocks reduced to minute fragments 
without being decomposed, will as remarked above, be of the same chemical 
composition as those rocks. Now in almost all cases rocks are composed 
mainly of silicates; viz. the silicates of alumina, lime, magnesia, iron, potassa, 
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soda, &c. In a region where limestone predominates, we might expect, 
and do sometimes find, that a considerable proportion of the soil is made up 
of carbonate of lime. Yet this substance is more liable to decomposition 
than the siiicates, and often a large part of it is converted by the action of 
lfring and dead vegetable and animal matter into other combinations. Thus 
decomposed manures form what is called geine or rather geic acid ; and this 
unites with lime forming a geate of lime. Geates of alumina and magnesia 
are formed in the same manner. Living vegetables also contain generally 
sulphate anti phosphate of lime; and by the uecomposition of these vegeta
bles, these salts will be widely disseminated through the soils. But this sub
ject will be better understood when I have given further details. 

Classification of Soils. 

The above ingredients are combined in different proportions in the differ
ent rocks, so as to constitute several sorts. Hence we should expect, and in 
fact we find, a corresponding difference in the soils resulting from their de
composition. Indeed, with some exceptions, the geologist is able to ascer
tain the nature of the rock from the character of the soil that covers it. And 
I apprehend that it will not be difficult to point out the characteristics of the 
soils derived from the different rock formations of Massachusetts, so that 
they can be distinguished by those not familiar with practical geology. This 
Geological Classification is the only one which I shall attempt to give of our 
soils ; and this seems to me all that is necessary, or useful, in addition to the 
common division into sandy, clayey, loamy, calcareous, &c. The following 
list embraces, it appears to me, all the important varieties of soil in Massa
chusetts. 

I. Alluvium, from rivers. 
Do. peaty. 

2. Diluvium, sandy and gravelly. 
Do. argillaceous. 

3. Tertiary soil, argillaceous. 
Do. sandy. 

4. Sandstone soil, red. 
Do. gray. 

5. Graywacke soil, conglomerate. 
Do. slaty, gray. 
Do. slaty, red. 

6. Clay slate soil. 
7. Limestone soil, magnesian. 

Do. common. 
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8. Mica slate soil. 
D. Talcose slate soil. 

IO. Gneiss soil, common. 
Do. ferruginous. 

II. Granitesoil. 
12. Sienite soil. 
13. Porphyry soil. 
14. Greenstone soil. 

A few paragraphs of explanation will, I trust, render these varieties of soil 
recognizable. 

In general, if any one wishes to know where to find them, let him look at 
the Geological l\Iap that accompanies this report, and he ma} conclude 
that the different soils cover those portions of the surface that arc rep
resented as occupied by the rocks from which they are derived. There is 
one circumstance, howe,·er, that pre,·ents us from considering the boundaries 
of the rock formations as perfectly coincident "·ith those of the soils. Dilu
\'ial action has removed nearly all the loose covering of our rocks in a south
erly direction ; often several miles ; and more or less mingled the soils from 
different formations. Hence, where one formation lies north or south of an
otheron the map, we may conclude that the detritus of the most northerly one 
has been swept southerly, or southeasterly, for several miles beyond the 
boundaries of the rock; and in few cases does the dividing line between two 
formations so exactly coincide with the direction of the diluvial current, that 
there is no overlapping and intermingling of the soils. 

With common allul'ial soils-the result of deposition from rivers,-every 
intelligent man is familiar. They are of course formed by the comminu
tion of every kind of rock over which the stream that produces them hap
pens to pass. These soils, I apprehend, owe their value chiefly to the fine 
state to which their component parts arc reduced. In Massachusetts our al
Im·ia are frequently coarse and quite siliceous. 

Peat alluvium is composed principally of vegetable matter, and ought 
rather to be regarded as a manure than a soil. I include in it all those 
swamps that abound in <lecomposing vegetable matter, whether actually con
verted into peat or not. 

Diluvial Soil is the most heterogeneous and wide spread of all soils, and 
strictly speaking it embraces nearly all our soils except alluvium: for nearly 
all of them have been moved and comminuted by diluvial action. But 
where a formation is so extensive that this diluvial agency has not trans
ported the detritus derived from it beyond its boundaries, the soil may be 
regarded as belonging to that formation; and this is the case oYer a large part 
of the state: so that it will not be necessary to regard ,·ery extensi,·e districts 



Varieties of Soil. 17 

of our soils as diluvium. I have not done it when it is possible to refer them 
to any other formation. 

The most common variety of diluvial soil, and the poorest of the soils, con
sists of rounded pebbles and coarse sand, accumulated in situations where no 
existing streams could have carried them. I now also regard all those beds of 
clay and sand which occur in the state, except the plastic clay of the south
eastern part, as the result of the retiring diluvial waters; so that there will be 
an argillaceous and a sandy diluvial soil; such as occur extensively in the 
valley of Connecticut river, an<l which I formerly denominated the Newest 
Tertiary. 

The tertiary soils ai•e almost exactly like the two last described varieties 
of the <liluvial, viz. argillaceous and sandy. Indeed, it is doubtful whether 
any character except position can distinguish them: nor is the distinction 
of any importance in a practical point of view. The tertiary soils occur only 
in a few limited districts, in Dukes, Barnstable and Plymouth counties: 
viz. wherever the plastic clay exists so near the surface, as to modify the 
superincumbent diluvial sand. 

'l'he sandstone soil is confined exclusively to the vicinity of Connecticut 
river. Most of the sandstone there is of a red color ; some of it even a blood 
red; and its disintegration has produced a soil of the saine aspect; so that 
even at a great distance, the redness is quite manifest. There is no soil that 
can easily be confounded with this, except some limited tracts of ferruginous 
gneiss soil in ''\T orcester county, and of chocolate colored graywacke, and red 
compact feldspar, in the eastern part of the State. In a few towns, as in 
Granby, the sandstone soil is of a gray color, because the rock is gray be
neath it. 

The graywacke s~il is confined to the eastern part of the State. Its color 
is mostly a deep brown ; and it is capable of being made some of the best 
land in the State; as 'vill be evident when I refer to Dorchester, Roxbury, 
Brookline, Newton, Can1bridge, the Bridgewaters, Taunton, Middleborough, 
Dighton, Somerset, &c. for examples of its most perfect development. In 
some of these towns the rock is chiefly a coarse conglomerate or plum pud
ing stone ; and as this contains more calcareous matter than the slaty varie
ties, and decomposes more readily, probably it furnishes the best soil found 
over this formation. The slaty varieties occur in Quincy, Newton, Chai·les
town, &c. In the southwest pai't of Attleborough, the slate is of a choco
late color, and this peculiar hue is imparted to the soil. The same color pre
vails in some other places ; but not extensively enough to produce any 
striking patches of this variety of soil. 

The group of rocks underlying this variety of soil is denominated gray
wacke, not because it has been prov~d to be identical with thegraywacke of Eu-
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rope; but because it seems analogous in compositio~ and stru.cture wit!~ the 
European rocks of that formation : and there is nothmg yet chscovered m re-
gard to its position that proves its age to be different. . 

The tract;; are very limited io Massachusetts, where well characten.zcd 
argillaceous or roofing slate is fully developed : and hence we have but little 
genuine clay slate soil. 'Vhere it does occur, as in a fe1~ towns in ~ orcester 
and Middlesex counties, also in Bernardston, in Franklrn county, it has the 
dark color of the slate; and is easily distiguished. It is capable of being 
made an excellent soil. 

The limestone soil is confined to the county of Berkshire. I give it this 
name because it lies above limestone ; not because it contains more of the 
salts of lime than other soils in the State. For to my surprise, I find that in 
general it does not. Much of it probably resulted from the disintegTation of 
the mica and talcose slates that occur in large quantities along with the lime
stone in that county ; and probably, also, the calcareous matter, which it did 
once contain, has been exhausted by cultivation. The magnesian limestone 
and the soil thence resulting, appeared to me more extensive in New .Marl
borough than in any other part of the county. 

The mica slate soil, which occupies extensive regions in Massachusetts, as 
the Geological Map will show, is distinguished in appearance from the clay 
slate soil, chiefly by being of a lighter color. Yet since the two rocks pass 
into each other imperceptibly, so do these soils. And in the western part of 
Berkshire county, as well as in the mica slate region extending from W or
cester to the mouth of Merrimack river, the mica slate approaches so near 
to argillaceous slate, that the soil above it might, without much error, be re
ferred to the latter rock. Most of our mica slate soils are of a superior 
quality. 

The talcose slate soil is rather limited, and not of the best quality; though 
it should be recollected that it occupies some of the highest parts of the 
State, and might at a lower level be more productive. The argillo-talcose 
slate soils of the Taconic range in Berkshire, are of a better quality. In 
appearance the mica slate and talcose slate soils can hardly be distinguished 
from each other; though in general the latter is of a lighter color and more 
sandy. 

Gneiss soil occupies more surface than any other in the State : and were 
we to judge from its appearance, we should conclude it the poorest soil with
in our limits. In general, it is of a pale yellow color, and very sandy or 
gravelly. And, indeed, in many places it is very meagre and unproductive. 
But over a great part of Worcester county, for instance, it is of a very dilfer
e~t c~aracte:, being enriche.d probably by the potassa of the feldspar and 
mica rn gneiss. The ferrugmous gneiss soil contains so much peroxide of 
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iron, that in some towns, as \Vest Brookfield, Sturbridge, Brimfield, Oakham, 
&.c., it is of a perceptihle red color when seen at a distance. 

8i11ce granite and gneiss are composed of the same ingredients, the soils 
which they produce will not differ. And in fact they do not in J\Iassachu
setls : so that prohabl y there is little advantage in separating them. 

8ienitc differs from granite in taking homblcnde into its composition, as 
well as being in general of a finer texture. The soil resulting from its de
composition is certainly more favorable to cultivation than that derived from 
common granite: as an example of which I may refer to nearly the whole 
of E,sex county. 

The compact feldspar, that forms the basis of porphyry, frequently con
tains an unusually large proportion of alumina, from 15 to 30 per cent. And 
although this is the hardest of the rocks around Boston, in many places it 
decomposes rapidly, and the resulting soil admits of high cultirntion, as may 
be seen in J\Iedford and Lynn. 

The grcenstone in the eastern part of the State is so intimately connect
ed with sienite and porphyry, that the attempt to separate the soils resulting 
from them, is almost useless. Yet the strncture of the greenstone is finer, 
and where it predominates, we find a good soil; as in Ipswich and \Voburn. 
The greenstone associated with sandstone, near Connecticut river, has a more 
earthy aspect, and produces by decomposition a peculiar yet valuable soil, 
of a deep brown color, and abounding in iron. It is, however, but of limited 
extent. 

Sir Humphrey Davy divides soils into Clayey, Loamy, Chalky, Gravelly, 
Sandy, Peaty or J\Iossy, Boggy and Ileathy, and J\Ioory : Chaptal makes a 
more simple division into Argillaceous, Calcareous, Siliceous and Sandy. 
These di1,isions are very cmwenient, and it is only for the sake of refer
ence that I have adopted in their stead the geological classification described 
above. 

System pursued in collecting Soils. 

Jn executing that part of my commission which relates to the analysis of 
soils, I found it very difficult to decide upon the best plan for collecting them . 
. My object was not to examine the soils of particular farms, or towns; but 
rather to point out the composition and character of the different classes of 
soils in the State. I therefore concluded to visit the different rock forma
tions; and where I found the soils above them well characterized, to select 
specimens, in sutlicient numbers, and over a sufficiently wide extent, to afford 
a fair rPpre"entation of the different sorts of soils. \Vhatever might be 
found to be the characters of these selected specimens, from any particular 
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formation, I thought might be regarded as the characters of the soil in gen
eral over that formation ; and to determine its extent, it would be necessary 
only to conwlt the Geological l\Iap, with the statements in mind that have 
been made respecting diluvial action. And it is chiefly this consideration that 
led me to prefer the geological classification of soils. On this pl:m it seemed 
to me unnecessary to designate the particular farms from which the specimens 
were obtained.-! took care, however, in all cases, except those hereafter 

_mentioned, to select my specimens from a cultivated ploughed field; about 
half way between the subsoil and the surface; and in a spot where the 
vegetable fibres had nearly disappeared by decomposition. I avoided, also, 
in general, the vicinity of buildings; especially barns: as I diet- also those 
fields where the soil had become very factitious by high cultivation ; or where 
it was very sterile through neglect of culture. I endeavored to select spots 
where a medium state of cultivation existed ; because I conceived that these 
would present the fairest average examples of the capabilities of our soils. 
And as most of the specimens were collected towards the close of summer, I 
could judge from the crops growing upon the fields, where the soil was in a 
medium state of cultivation. In a few cases I have purposely or accident
ally taken specimens either from very poor or very rich spots; but such ex
amples will be pointed out, when I come to give details. Roots, undecom
poscd manure, and large pebbles, were as much as possi!Jle avoided : and be
fore proceeding to an analysis, I separated all the roots and pebbles larger than 
a quarter of an inch, with a course sieve. For although such matters gen
erally exert some, and often a great influence upon the cultivation, yet it 
seems to me that their chemical examination can add little or nothing to 
what experience has already taught on this subject. 

The soils were collected in tin canisters, which were labeled on the spot. 
Afterwards the specimens were spread out and exposed for several days to a 
warm sun and dry air, so as to expel all the moisture which could be driven 
off by natural evaporation. They were then returned to the canisters, and 

-a portion taken for the various analytical processes which were adopted. 
After this, the residue was put into white glass bottles, which were sealed, 
numbered, and deposited in the State collection, along with other substan
ces, such as marls, clay, quick much marsh mud, ochre, &c. This arrange
ment makes the specimens easy to be examined by the eye, without the 
danger of waste by uncorking the bottles. 

Leading Objects of the .Rnalysis ef &ifs. 

The views that have been given as to the origin and nature of soils will 
enable us to make a threefold classification of their constituents. First, their 
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earthy and metallic ingredients, which are chiefly silicates: Secondly, the 
acids, alkalies, and salts, which exist originally in them, or are introduced by 
cultivation: and thirdly, the water and organic matter which they contain. 
The latter constitutes the principal nourishment of plants, deri,·ed from the 
soil ; while the salts are necessary to prepare that nourishment to be taken 
up and assimilated by their delicate vessels. The earth serves as a basis of 
support for the plant, as a receptacle for the nourishment, and probably also, 
in connection with the roots, as a galvanic combination, for the develop
ment of those electrical agencies by which the food of plants is taken up and 
converted into vegetable matter. 

By almost any method of analysis that can be adopted, the three leading 
objects above specified will be more or less combined. But as some of these 
methods have a chief reference to one of these points, and others to other 
points, it will be practicable, in the first place, to confine our attention most
ly to the earthy constituents of soils ; and in the second place, to examine 
more particular! y their salts and organic matter . 

.!J.n~tlysis of Soils by Sir Humphrey Davy's Method. 

The method of analyzing soils proposed by the distinguished English 
chemist, Sir Humphrey Davy, in his Agricultural Chemistry, has been al
most universally regarded as the best that has beeu invented. It consists in 
first driving off the water of absorption by a heat of 300°: Secondly, in boil
ing the soil in water, and suffering the coarser parts to settle, which are re
garded as silica; while the finer, or aluminous portion, is suspended in the 
water, and is pom·ed off: Thirdly,indeterminingby muriatic acid, the amount 
of carbonate of lime, if any be present: Fourthly, in burning off the organic 
matter of the finer part of the soil: Fifthly, in boiling the remainder in sul
phuric acid, in order to dissolve the alumina and oxide of iron : Sixthly, in 
ascertaining the amount of soluble salts in the water employed for lixivation. 
The French Chemist, Chaptal, proposes essentially the same plan, though he 
renders it much more simple, by omitting the most difficult part; that is, 
the solution of the alumina and iron by sulphuric acid. The high reputation 
of Davy's rules led me to attempt their application to nearly half the soils 
which I had collected in Massachusetts: and the results are contained in the 
Table which follows. 

Before presenting any analytical results, however, I "·ish to state the cir
cumstances under which this part of the survey has been conducted. Jn 
some of the larger States of the Union, where geological surveys have been 
commenced, one or more chemists are constantly employed in the laboratory. 

4 
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No such course was adopted in l\Iassachusetts: but the smveyor was direct
ed, in general terms, to malce an analysis of the soils, in his commission for a 
re-examination of the State. The question then arose in my mind, whether 
it would be possible, while carrying forward the other parts of the survey, to 
make a sufficient number of analytical investigations to be of much use. It 
was obvious that the time which I could devote to the subject, would not 
permit me to perform very numerous analyses with the extreme care and 
multiplied repetitions which the precision of modern science demands, in 
order to employ the results in settling the atomic constitution of bodies. Yet 
it occurred to me, that the objects of the Government might be in a good 
mea~ure accomplished, if the results were not of the extremely accurate 
character above described. By a variety of means, some of which are des
cribed in the subjoined note,* and by the most laborious and devoted atten
tion to the subject, I have been able to present a great number of results, 
which I trust will be found sufficiently accurate for the purposes I had in 
view. I do not mean that the processes were not conducted with care ; and 
that I did not repeat them. Very many of them have been repeated again 
and again ; especially whenever there was reason to suspect any material 
error in the results. Nor <lo I mean to say, that none of these results 
are sufficiently accurate to form the basis of scientific reasoning. As to that 
point, scientific men can judge when they examine my analyses: But I do 
not offer my conclusions for such a purpose: and wish, as an act of justice 
to myself, to have it understood, that the standard by which my analyses ought 
to be tried, is that of their practical value in an economical, not in a scientific 
point of view. 

The following Table exhibits the results of the analysis of 61 soils, selected 
from the different formations in the State. For convenience, they are all 

" The arrangement. by which I was t'nabled most successfully to facilitate the process of analysis, con~ 
sisted in providing means for r,arrying on ten similiar processes together. l made ten compartments upon 
a table, each provided with apparatus for filtering and precipitation. Ten flasks and ten evaporating di:shcs 
were also numbered, as well as ten common crucibles, with a circular piece of sheet iron, pierced with ten 
holes, and numbered to receive the crucibles. An oven of sheet zinc, with double sides, was likewise 6tted 
up so na to receive ten 61ten, and to admit a thermometer. The sand bath was also made large enough to 
11.dmit the ten flasks. Dy this arrangement, all the important processes in the analysis of soils, by the 
methods of Sir H. DM"y and Dr. Dana, except we;ghing, could be conducted together, and almost as rapidly 
as if only one had been carried on. Even the weighing was in this way much facilitated, as any one can 
easily conceive. I applied also, so far as it was possible, the same method in conducting analyses in a more 
accurate manner. I supplied myself with four or 6ve platinum and sil_vcr crucibles, which being charged, 

'"tf>eir contents were either fused together in a charcoal 6re, or in succession over a spirit lamp. This pro
cess was repeated until ten substances were obtained in a state of fusion. Afierwards the processes were 
conducted as above described; except that the ignition of the results was performed over the spirit lamp, 
1t is easy to see how by this arrangement a great saving of time was ma1le. 

I would not forget to mention also, my indebtedness to the faithfulnesll and perseverance of my chemica) 
~seistant. 1 Mr . .Abraham Jenkins, Jr. of Barr~. 
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rcuuced to the same standard, viz : 100 grains; and the small loss, which 
inevitably attends this mode of analysis, has been apportioned among the 
several ingredients. 

I~~ I~; 1n~ I H~ I f1 
I. c,. • ., ...... 00 "' .• 1 .. Alummom!D<•110s1te. 

No. N.HlE AND LOCALITY OF SO IL. 

~~ 1r g Silica. .~~/~;. 1~~ 
iron 

1 Alluvial Soil; Deerfield. 3.0 5.5 20.8 61.7 55.2 3.:J 3.0 
2 do Norlha1npto~. 3.4 5. 1 32.8 51::1.6 0.20 5 1.7 3.4 3.4 
3 do Deerfield. 2.0 4.5 4:i.2 50.3 44.l ;;i :: 4 do Norlhampto~. 3.0 3.0 74.S 19.0 0.15 16.2 

~ do Northfield. 2 7 4.2 43.9 4!1.2 44.0 2.4 2.8 do Northampton .. 21 :l.2 40.0 54,7 51.0 ] 7 20 
7 do ~i~~~~j~~~ntield: l.3 5.0 67.9 25.4 0.20 21.6 1.2 2.6 
8 do 

~ ·~ 4.9 S:l.5 9.7 7.4 :r " do Hadley. 6.6 45.6 43.0 0.20 39.4 
10 do Shcflield. . . 2.2 5.5 62.1 30.0 0.20 23.9 3.031 
13 Tertiary Soil, Argillnccous; Springfie.ld. 3.3 10.0 47.8 38.7 0.16 3"2.7 3.5 2.5 
16 do do Barnstable 2.6 !l.4 47.2 40.8 0.05 29.8 6.7 4.3 
10 do Sandy; \iV:irC'ham . 1.2 0.4 98.4 o.o 
19 do do Springfield 1.7 2.7 n2.8 4.8 2.4 1.31.1 
20 do do Barnstable. l.O 0.2 98.3 O . .'.) 

~~ :·:~::::~l.s:~;~~~o~::~~~~r:::::~:'.~~·.~~'.. 
0.15 0.0 !l!l.6 o.o 0.20 
2.4 4.4 7!).0 14 .0 0.20 10.6 1.3[2. 1 
2.6 6.J 50.5 40.4 0.38 32.6 4.2 3.6 
2.8 :ut 37.3 5;;,!) 0.13 48.G 2.6 4.7 
3.0 7.8 Gl-i 27.;) rn.a 4.7 3.5 

31) do do Walpole. 22 7.6 56.0 34. 1 0.10 20.5 3.1 2.5 
:H do do DighLon 1.6 5.2 5!).3 33." 0.10 

3.8 ;~ ~~ SlaL~~ ~~~~~~t:~~~~gh: 1.7 G.O 6!1.2 23.0 0.10 17.0 2.2 
41 n.1 4;).6 41.0 0.20 31.n 4.1 &.O 

:10 do do llalifax. J.5 5.{) 82.G 10-3 0.14 6.n 2.3 I.I 
3S dll do Taunton , . 2.0 6.0 76.4 J;J .5 0.10 JI.I 2.8 1.6 

:~ ArgillacJ~us Sla~e:~~i;e;d ~~,?~:l~~:~1 ~ S. \~. par:t. 
3.2 0.7 43.0 44.0 0.12 27.5 8.0 8.5 
3.0 !).5 5!1.3 2o-J 0.0!) 23 I 3. 1 1.9 
3.5 11.5 70.::i 14 -2 0.32 7.2 4.5 2.;; H Lirneato~~ Soil, ~~~~~:~~n; f~E~~~~~~oiiugh: l.O 5.l:l 67.6 24-6 0.12 16.6 4.0 4.0 
2.G 7.5 61.3 28-5 0.20 17.0 4.5 7.0 
l.4 5.1 7:].!) H).,j 0.14 13.5 3.f) 2.5 

50 do do Pitsfield. 4.0 n.o G:J.7 23-2 0.10 16.2 4.0 3.0 
!H do do Sheffield. 3.fl 7.2 b7.7 20.0 0.32 11 .~ 5.0 4.0 

g~ Mica Sia~~ Soil; ~~~~~~~e;~~ge m~untain. 2.8 10 .4 51.2 3J.5 0.14 ;J.7.!J 5.4 2.2 
3.1 7.4 50.7 2!l.7 0.IU 1n.1 4.7 5.3 
3.0 l0 .. 1 440 42.3 0.25 3:U 5.8 4.2 

5!J do West Newbury. 3.0 7.6 65.2 2-1.1 0.10 16.2 5,1 2.d 
GO do .Methuen. 1.4 4.0 83.0 JJ.G 6.4 1.0 4.2 

g~ Tnlcose ;~le; C~~~c:a!n.t. . . l.4 6.3 67.7 2-J.;j 0.10 l 8.3 u I.!) 
:l.5 6.0 72.0 J9.4 O.Od J;l .7 1.H 4.8 

~~ ~~!~~·~n~~~1c~oB~l~~~~e. Soil~ llancock. 2.8 n.1 44.8 4:1.7 30.4 7.6 4.7 
2.8 7.3 63.5 26.2 0.2.3 22.2 2.3 ).7 

71 do Uxbridge. 2.5 i.O 37.8 52.5 0.19 4·1.8 4.3 a.4 
77 do Rutland. 3.8 10.2 51;.7 27.0 0.26 21.0 3.5 25 
79 do Roy:ilston. 4.0 0.0 67.6 1!l.3 0.14 14.0 3.21 J.2 SD do Grafton. 3.0 7.7 40.1 40.0 0.20 38.0 6.7 34 
!JO do Brimfield 2.1 6.0 70.!) 20.0 U,10 15.:.1 2 !J 1.2 
03 do BPcket. 4.0 0.0 64.6 2~.o 0.40 16.6 :J.4 2.Q 

l~~ Granit~ 0 Soil~~~~~~::: 1.8 fl.7 77.l 15.2 0.22 11.3 2.3 J.6 
3.3 0.5 54.4 32.6 0.20 26.9 3 .!J' l.S 

l06Sienite Soil; Marblehead. 3.7 8.9 61.5 2'>.8 O.JO 20.0 2.3' 3.5 
lOt! do Gloucester. 1.7 4.8 80.0 13.4 0.13 0.6 2.1 17 
109 do Lexington. 3.7 LO.O 46.7 39.4 0.16 34.0 :J.O 2.4 
111 do Newbury. 

I 

3.5 7.5 60.1 28.8 0.12 

I 

2-J.2 4.4 2.2 
112 do Dedham. 4.3 0.9 46.3 :J0.3 0.17 :H.4 5.1 2.8 
117 do Marshfield. 2.0 5.2 68.7 24.0 0.11 19.2 2 7 2.1 
120Porphyry Soil; .Medford. 4.1 10 .6 51.0 33.2 0.15 27.7 3.5 2.0 
122 do Lynn. . • 

HI'~~ 
46.4 40.8 0.30 34.6 

I 
3.7 n 

124Greenstone Soil; Woburn. 46.7 38.0 0.15 33.7 2.3 2.n 
125 do Deerfield. 32.7 58.2 O.JO :J0.5 3.3 4.4 
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E:rplanation of the preceding Table with remm·ks. 

The numbers in the first column of the preceding table, deuote the speci
mens of the soils deposited in the State collection : and the second column 
points out the name and locality. 

However thoroughly soils are dried in the sun, a quantity of water still 
adheres to them, which cannot be entirely driven off, until they are heated to 
nearly 300' of Fahrenheit's thermometer ; or to the point where paper be
gins to· turn brown. This was the way in which the numbers in the third 
column were obtained, by heating 100 grains to that point and noting the 
loss of weight. Highly siliceous soils retain but very little of this water of 
absorption, while from highly aluminous ones, it is not all driven off by heat
ing to 300'. The power of soils to retain water, however, c'epends much 
more upon the quantity and character of the organic matter which they con
tain, than upon their mineral composition, as I shall endeavor to show here
after. 

After driving off the water of absorption, the soil was heated to redness, 
1rnd continued in that state until every thing combustible was burnt off. 
The loss of weight showed the quantity of organic matter; and thus the 
fourth column was formed. 

The fourth column in the above table presents one fact worthy of notice. 
ft seems that our alluvial soils, although deservedly celebrated, contain less of 
organic matter than almost any other in the State. The principles above 
suggested explain their fertility in consistency with this fact: but it shows 
us, if I mistake not, that such soils, if not constantly supplied with manures, 
either by the O\'erflowing of rivers, or by the farmer, will be sooner exhaust
ed thru1 almost any others. 

The numbers in the fifth and sixth columns were obtained in the follow
ing mrumer. One hundred grains of the soil were boiled a short time in a 
glass flask in water, and after cooling, this "'as agitated until the soil was all 
diffused through the water. As soon as the agitation of the water had ceased, 
it was poured off along with the finer parts of the soil that did not settle at 
once. The portion that remained usually consisted of siliceous sand, while 
that which was left suspended in the water, was much more aluminous, and 
constituted the finest and most important part of the soil. In the present 
instance, this deposite is in larger proportion than is usual in analysis, be
cause it was poured off immediately after the agitation had ceased, under an 
impression that by waiting two or three minutes, as is usual, other and more 
important substances than silica may settle to the bottom of the vessel. In 
deed, I found this to be the case in some instances when the light matter was 
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poure<l off imme<liately. Thus, the re<l sandstone soil, No 23, from Long
meadow, gave only 14 grains of aluminous matter, an<l 79 grains of silice
ous. By digestion in aci<l, the 14 grains yielded only LS gr. of alumina and 
2.1 gr. oxide of iron. But by treating the 79 grains of siliceous matter in 
the same way, it produced 7.5 grains of alumina and 4 grains peroxide of 
iron. Such cases teach us that this mechanical separation of the siliceous 
and aluminous matter is not a little uncertain : although in general it must 
be confessed, that when the lighter part was poured off immediately, the re
main<ler was chiefly siliceous sand. 

It is not the object of this process however, to show us the quantity of sil
ica and alumina in a soil: but rather the amount of finely divided matter. 
For the best soils are found, in general, to abound in such matter : although 
it may become excessive, rendering the soil impervious to air and moisture. 
This isa principal defect in highly argillaceous soils. But from the preceding 
table it appears, in my opinion, that the soils in Massachusetts are in general 
too coarse rather than too fine. Being derived chiefly from primitive rocks, 
they resist comminution and decomposition more than the secondary rocks. I 
am satisfied thatthe principal excellence of our alluvial soils depends more upon 
their finely divided state than any thing else: for, as I have already in part 
shown, and shall show farther in the sequel, they must yield in value in some 
important respects, to our upland soils. And even as to their fineness, they 
are much coarser than many of the rich alluvia of the Western States; 
though it may be doubted whether for most crops they are on this account 
the less valuable. 

The term salt, in chemistry, has a much more extended meaning than in 
popular language. Thus common limestone (carbonate of lime) and gypsum 
(sulphate of lime) are properly denominated salts, as is also phosphate of lime 
and chloride of calcium (muriate of lime). All compounds of any acid with 
lime, magnesia, alumina, potassa, soda, &c. or of chlorine with their metallie 
bases are salts : and some of these are soluble and some insoluble in water. 
If any of the former exist in soils therefore, they will be dissolved, if the soil 
be boiled in water. And if afterwards this water be evaporated, the salt can 
be obtained in a dry state and weighed. This is the way in which column 
seventh was filled. Tests were also applied to the solutions, in order to ascer
tain the nature of these salts. Hydrocyanate of potassa, infusion of nutgalls, the 
chlorides of calcium and magnesium, and the carbonate of ammonia and 
phosphote of soda gave no precipitate in any instance. Hence I infer the 
absence of iron and the salts of magnesia. But nitrate of sih·er, baryta 
water, nitrate and acetate of baryta, and oxalate of ammonia, gave precipi
tates more or less abundant in every instance in which I tried them. I 
hence infer the presence of a sulphate, probably the sulphate of lime, in all 
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the soils of Massachusetts that I have examined, ai1d I have no doubt but it 
exists in every one of our soils. The quantity given in the table, is prnbably 
much less than the truth, for the sulphate of lime is but slightly soluble in 
water, and the quantity of water which I employed, wa5 too small to dissolve 
all that exists in 100 grains; or rather 200 grains, which was the quantity 
usually boiled. It was chiefly to ascertain the fact of its existence that the 
experiments were performed ; since I had adopted a better method for as
certaining its quantity. This salt exists, also, probably in nearly all · the 
springs, rivers, and ponds in the State. The great importance of gypsum, 
in the process of vegetation, furnishes a reason for its universal diffusion. 

The remaining columns of the Table exhibit the composition of the alu
minous deposite in the sixth column. That deposite was boiled two or three 
hours in sulphmic, or hydrochloric acid, and the alumina and iron were pre
cipitated together by carbonate of ammonia, and afterwards separated by hy- _ 
drate of potassa. The portion remaining undissolved by the acid, was 
considered a5 silica. 

Insufficiency of this mode of .!lnalysis. 

I might easily have proceeded farther with these analyses: but had I at the 
commencement the same opinion of the insufficiency of Davy's method, as 
I now have, I should not have proceeded even so far. So far as this method 
is mechanical, it is of value; since it enables any one, not skilled in the man
ipulations of the laboratory, to ascertain whether a soil is coarse, or in a finely 
divided state. But the chemistry of this method is very bad. In the first 
place, it does not profess to determine the amount of silica, alumina, iron, &c. 
in the entire soil, but only in its finely divided portion. Now I have already 
mentioned a case, in which the siliceous residuum (of No. 23.) yielded almost 
as large a per cent. of alumina and oxide of iron as the aluminous portion. 
And I shall soon mention numerous examples, in which accurate analysis of 
the whole soil shows a much larger per cent. of these ingredients than this 
method discovers. In the second place, this method does by no means give 
the relative proportion of the ingredients in a soil, especially of the silica 
and alumina ; because the latter is soluble with difficulty in sulphuric acid. 
Being desirous of ascertaining what proportion of the alumina could be ex
tracted by the direct action of acids, I selected seven of the soils given in 
the preceding table, and subjected the aluminous deposite, obtained in the 
manner that has been described, to thorough analysis by fusion with soda, in 
platinum crucibles. The results may be seen in the following Table. 
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.No. J- Alurninous I Alubniita I Al~mina I S~licai-S~l1ca 
Ueposile. Aci~s Alk~li Ac~s. J Alk~li I Alunuoa I 

pet cent. 

)····· 
2 5~.:, 34 176 5Jt) 37.5 

I 

30.l 
40 440 8.0 11.8 27!'.i 23.7 268 
41 2rU 31 fl.4 2:1 l 16.8 33.6 
47 J!).5 3.5 6.3 1:1fi 10.7 323 
5b 42.3 5.8 12.2 32.3 2.39 28.8 
8!1 4~.o 67 149 389 30.7 30.4 

112 39.3 5.1 13.0 31.3 23.0 34.3 

The number of the soil in the state collec;tion* is given in the first col
umn of the above table: the amount of the aluminous deposite in the sec
ond; the alumina by boiling in acid, as given in the first table, in the third 
column; the alumina by fusion with carbonate of soda in the fourth column : 
the silica, after the action of acids, in the fifth : the silica by alkali in the 
sixth : and the per cent. of alumina by the same process in the last. 

A mere glance at these results, if they are not very erroneous, shows us 
how extremely deficient are Davy's rules in this particular. It is true that 
a repetition of his process, with fresh sulphuric acid, would dissolve more 
alumina; and in this way a gradual approximation might be obtained to
wards the truth: but such repetitions would prove more laborious than the 
process by fusion with alkali, and thus defeat the very object this distin
guished chemist had in view, viz. so to simplify the analysis of soils, that it 
might be performed by intelligent farmers, though not familiar with chemi
cal manipulation. 

But in the third place, I have been brought to the conclusion, that even if 
these rules should give accurately the proportion of the ingredients, they 
would be of little importimce ; because the fertility of soils depends but 
very little upon the proportion of their earthy ingredients: in other words, 
these may vary greatly, without affecting the fertility. Partly to ascertain 
how far this principle is true, and partly to determine more accurately what 
are the earthy constituents of the soils of Massachusetts, I have made several 
analyses of the different geological varieties by fusion with an alkali; the on
ly method which can at all satisfy the chemist. In the lfrst example no at
tempt was made to determine the presence or amount of lime and magne
sia. 100 grains of a diluvial argillaceous soil from Plymouth contain, 

* There nre two 1erie1 of numbers in the State Collection both commencing \Tith unity. One series i• 
confined entirely to thl)se specimens that are contained in glass bottles, wbic)l amount to 227. The nther 
•erie• extends to more than 2500. To distinguish between the two 1cries 1 wheneTer they are referred to, I 
sh11llannex thelellerb, to those of the first series,exceptthesoils1 whicbamounttol52,and the marl•, 
clays, marly clay•, and muck sands, where it seem• unnecessary. 
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Water of Absorption. 
Organic Matter. 
Oxide of Iron. 
Salts Soluble in Water. 
Alumina. 
Silica. 

2.7 
6.0 
6.5 
0.4 

19.2 
65.2 

100:0 

In the following examples, I directed my attention to a determination of 
the amount of silica, alumina, lime, and magnesia, in the entire soil ; having 
previously driven off the water and organic matter by heat. The salts of 
lime were obtained by another process, which will be explained farther on ; 
and are added here for the sake of gh·ing a complete view of the composition 
of the soils. It will be seen that I have added, for the sake of comparison, 
four examples of some of the richest soils in Illinois and Ohio. For con
venience, the results are reduced to a centessimal standard : although only 
15 grains were usually employed in the analysis. 

I Alluvial Soil, Dl:'Prfie d. 
It:! Dl!uvialSand,W11rl''1am. 

2"J Red Sandstone Soil, L ~leadow 
2S Graywach Soil, Roxbury. 
<(J Argil. Slnll' Soil, Lmcnsll'r. 

~g ~;:::·~~:~. "S~~i.~V B;::~~~~~;: 
&I Talcose Slate Soil. Chesler. 
81 Gneiss Soil. Prtersham. 

103 Graoite Sod, Duxbury. 
109 Sienite Soil,,Lexington. 
120 Porphyry Soil, Mt>clford. 
123 Gref'nstoneSoil, Deerfield. 
H>t:l Rushville,Jllinois 

~gg ~~~~1~:.UC:.codo. do. 

201 Sciota Valley 1 Ohio 

The preceding Table hardly needs explanation : except to remark, that 
the column headed Lime, contains the excess of that substance, found by the 
process with alkali in some specimens, above the amount contained in the 
carbonate, sulphate, and phosphate. This excess probably existed in the 
soil either as a silicate or a geate. 

For the sake of a more extensive comparison, I shall here quote a few 
analyses of soils that have been distinguished for tl1eir fertility. Most of 
them are European. 
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In the Second Report of l\Ir. Colman on the Agriculture of l\Iassachusetts, 
Dr. S. L. Dana has gi\'en the analysis of a soil from Chelmsford, on the l\Ier
rimack River, which has produced a large crop of wheat for 20 years with 
only one failure. 100 parts contain 

Soluble Geine, S.9228 
Insoluble Geine, 2.6142 
Sulphate of Lime, .7060 
Phosphate of Lime, .9082 
Silicates (Silica, alumina, iron, &c.) 91.8485 

No trace of carbonate of lime or of alkaline salts could be discovered. 
In his third annual report on the geology of Maine, Dr. C. T. Jackson has 

given the following analysis of a soil from that State, which has produced 48 
bushels of wheat per acre. 

W~ M 
Vegetable l\Iatter, 17.5 
~~ ~ 
Alumina, 10.6 
Sub Phosphate of Alumina, 3.0 
Peroxide of Iron, 7.0 
Oxide of Manganese; 1.0 
Carbonate of Lime, 1.5 

99.8 
An excellent wheat soil from the County of Middlesex in England, was 

analyzed by Sir Humphry Davy, and gave in 100 parts, 
Siliceous Sand, 60 
Finely divided matter, 40 

100 parts of the latter gave 
Carbonate of Lime, 28 
~~ ~ 
Alumina, 29 
Organic Matter and Water, 11 

A very productive soil from the County of Somerset, gave 
Siliceous Sand, 89 
Finely divided Matter, 11 

432 parts of the latter gave 
Carbonate of Lime, 360 
Alumina, 25 
Silica, 20 
Oxide of Iron, 8 
Organic and Saline Matter, 19 

5 
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Bergman found one of the most fertile soils in Sweden to contain 
Coarse Silica (sand,) 30 
Silica, 26 
Alumina, 14 
Carbonate of Lime, 30 

Giobert found the following to be the composition of one of the most fer-
tile soils in the neighborhood of Turin. 

Silica, 77 to 79 
Alumina, 9 to 14 
Carbonate of Lime, 5 to 12 

A '"cry fertile soil in France gave, according to the analysis of Chaptal, 
Siliceous Gravel, 3~ 
Calcareous Gravel, 11 
Silica, IO 
Alumina, 21 
Carbonate of Lime, 19 
Organic Matter, 7 

The most fertile mixture obtained by Tillet, in numerous experiments 
made at Paris, contained the following ingredients. 

Coarse Silica (Sand,) 25.0 
Silica, 21.0 
Alumina, 16.5 
Carbonate of Lime. 37.5 

( Chaptal's Chemistry applied to .fig7icu/ture, p. 25. first Boston Edition.) 

I11f erences. 

Though the analyses quoted above are referred to different standards, yet 
it is easy to see that the earthy ingredients are exceedingly various, if we 
look only to the most fertile soils. In one, that from Somerset in England, 
siliceous sand and carbonate of lime constitute 98 per cent. of the soil ; while 
alumina is less than one per cent. In most of those from Massachusetts, 
there is no carbonate of lime, and only one or two per cent. of lime in any 
combination. The prairie soils of the \Vestern States, confessedly 
among the most fertile on the globe, appear to contain a larger proportion of 
silica and a less proportion of alumina, than almost any variety of soil from 
Massachusetts. Upon the whole, the facts stated above, taken in connection 
with settled principles in Agricultural Chemistry, will warrant the following 
inferences. 

I. A soil composed wholly or chiefly of one kind of earth will not pro
duce any healthy vegetation. If nineteen twentieths be silica, or alum
ina, lime, or magnesia, it is said that it will be barren. On this account 



Inferl':llces. SI 

the numerous sand hills or dunes in the southeastern part of l\fassachusetts, 
arc almost entirely barren; and it appears from the first table of analysis 
which I have given, that these sands contain less than one twentieth of fine
ly divided matter. In England however, a \niter on this subject (Rees Cy
clopedia, .Brlicle, Soil,) say sthat he has seen a tolerable crop of turnips on a 
soil containing eleven out of twelve parts of sand. Any one may also see 
in Plymouth and Barnstable counties in the summer, very good crops of 
wheat on land similar to that analysed from Wareham, which contains 85 
per cent. of silica. 

2. Though plants may be made to grow in soils composed of only two 
sorts of earths, yet in order to render them very fertile, it is necessary that 
they should contain at least silica, alumina, and lime; and probably also iron 
and magnesia arc important. That these ingredients are wanted by most 
plants is evident from their analysis: although we are not perhaps warranted 
in saying that they are all indispensable to a tolerably healthy development 
of the plant. 100 parts of the ashes of the following plants were found to con
tain as follows : 

Ashes of wheat, 48 Silica, 
" of oats, 68 
" of barley, 69 
" of rye, 6S 
" of potatoes, 4 

of reel clover, S7 

S7 Lime. 
26 " 
16 " 
21 " 
66 " 
SS " 

15 Alumina. 
6 

15 
16 
so 
so 

l\lost plants also contain several salts soluble in water: also earthy phos
phates, and carbonates and metallic oxides: as may be seen by consulting 
Chaptal's Chemistry applied to Agriculture, p. 176. Now if those ingredi
ents be not furnished by the soil, from whence can the plants obtain them~ 

:3. Only a small quantity of earthy ingredients is required for plants; and 
hence the proportions in which they exist in the soils may vary exceedingly 
without affecting their fertility, so far as the food of the plant is concerned. 

4. The degree of comminution or fineness in a soil, is of far more impor
tance in its bearing upon fertility, than its chemical composition, so far as 
the earthy ingredients are concerned. The power of a soil to absorb and re
tain moisture, as well as the power of the rootlets of plants, to take up nou1·
ishmcnt from the soil, depend in a great measure upon its fineness. If the 
particles be too coarse to accomplish these objects, it can be of little conse
quence whether those particles are pure silica, or alumina, or lime, or iron, 
or a mixture of the whole. And if they be fine enough, I do not see why one 
kind may not answer nearly as well as another, provided enough of them all 
be present to enter into the composition of the plants : though doubtless al· 
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umina of the same fineness would be of a closer texture and absorb more 
moisture, than the others. The soils of New England are usually regarded 
as too siliceous : and yet, from the preceding table it seems they are less so 
than the rich prairie soils of the western states. But these western soils are 
reduced almost to an impalpable powder, more fine than even any of the al
luvium of Massachusetts that I have seen : and I apprehend that this is a 
principal cause of their fertility. 

5. Hence we infer, that in some instances, one earthy ingredie1)t may be 
substituted for another. In a letter from A. A. Hayes Esq. of Roxbury, 
whose opinion on this subject cannot but be highly appreciated, he says, 
"The process of absorption and retention may be so much modified by com
minution, that I think a silico-ferruginous soil may assume the characters of 
an alumnious soil to a certain extent; and that the existence of a due pro
portion of finely divided matter is of more consequence than is its composi
tion." In this view of the subject, the mechanical part of Davy's rules for 
the analysis of soils, becomes of more importance than the chemical part. 
And the mechanical part, that is, the determination of the quantity of finely 
divided matter, can be performed by every farmer of tolerable ingenuity 
\\·ith a very few articles of apparatus. 

6. It appears that to spend much time in an accurate chemical determi
nation of the earthy constituents of soils, is of little importance. If there 
was any one definite compound of the earths which would always give the 
maximum of fertility, such analyses would be important: but I have shown, 
if I mistake not, that great diversity in this respect is consistent with the 
highest amount of fertility. Or if it should prove true, as I confidently 
think it will not, that there is a particular proportion of earthy ingredients 
most favorable to fertility, as Tillet undertook to show in respect to Paris, 
I apprehend that the same proportion will not produce the maximum of fer
tility in countries where the temperature and the amount of rain are differ
ent. 

There is one respect, however, in which this kind of analysis may be of 
service in a region like New England, where lime exists in the soil in such 
small proportion; and that is, to determine whether it exists at all. There 
is another method, however, of ascertaining the presence of the most impor
tant salts of lime in a soil, which I shall explain shortly, and which is more 
easy than analysis in the dry way by alkali. 

The fact is, every farmer is acquainted with the difference between sandy, 
clayey, and loamy soils; and it is doubtful whether the most delicate analy
sis will afford him much assistance of much practical value in respect to 
these distinctions. 

I could easily have analyzed all the soils which I have collected in the 
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manner that has been described. But for the reasons abo,•e given, and be
cause a new mode of analysis of greater value was unexpectedly brought 
to my notice, I have judged it inexpedient to proceed. I wish however to 
say, that in thus giving my opinion of the entire inadequacy of most of the 
steps in Davy's rules for the analysis of soils, I do not mean to intimate that 
it is owing to any want of skill in that distinguished chemist : but simply 
because he attempted an impossibility, viz. to frame popular rules for such 
analyses as can be performed only by the experience<.! chemist and with the 
best apparatus and ingredients. 

7. Finally, if these positions be correct, then it follows that almost every 
variety of soil may by cultivation be rendered fertile. If we can only be 
certain that silica, alumina, ru1d lime, are present, we need not fear, but by 
those modes of cultivation which every enlightened farmer knows how to 
employ, it may be made very productive. In nearly all the soils in Massa
chusetts, for instance, the only question will be respecting the presence of 
lime ; since he may be sure the other constituents ru·e present. It is not 
necessary, therefore, for our young men to go to distant regions in search of 
fertile soils. Patient industry will ensure them such soils within their own 
borders: and the same may be said of neru·ly every country: a fact which 
strikingly exhibits the Divine Beneficence . 

.9.nalysis for deformining the salts and organic malt('}/· of Soils. 

With the exception of carbonate of lime, which I have regarded as one of 
the earthy ingredients of soils,.although it is properly a salt, the amount of 
organic matter in a soil cannot be greatly diminished, nor that of salts great
ly increased, without rendering it sterile. And yet, the existence of both 
salts ru1d organic matter seems essential to successful cultivation. It hence 
becomes a matter of no little importance, to ascertain the existence aJ1d 
amount of these substances in soils. This it is true, can be done by the 
modes of analysis already described: But in respect to some important salts, 
especially the phosphates, it is well known that their detection by the ordi
nary modes of analysis is very difficult. And in respect to the organic mat
ter, the method hitherto proposed by Davy, Chaptal, and others, simply as
certains its amount by burning it off. Now it is well known that a field 
may abound in organic matter, as for instance a peaty soil, and yet be en
tirely barren. Another field may contain but little organic matter, ru1d yet 
be very productive ; though soon exhausted. The sami: quantity of ma
nure on one field, will render it productive much longer thru1 another field. 
On one field it is rapidly dissipated : on another, it is fixed, or so combined 
as to be permanent. Hence it is of greater importance to determine what 
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is the condition of organic matter in a soil, than its amount. It seems to be 
well ascertained, that in order to its being taken up by the rootlets of plants, 
it must be in a state of solution ; and in order to prevent its being dissipa
ted, it must be chemically combined with some of the earthy ingredients 
of the soil. But these matters have hitherto been scarcely touched in the 
rules given for analysis. This desideratum, however, has in my opinion 
been in a good measure supplied by a chemical friend, and will be described 
in the sequel. 

Examination f m· Carbonate ef Lirne. 

Many of the analyses of European soils, represent them as containing a 
rather large per centage of carbonate of lime : and hence it was natural to 
expect a similar constitution in the soils of this country. But the result is 
different from the anticipation. In order to determine this point, I adopted 
the following method. A small quantity of the soil was introduced into a 
watch glass, so placed that the light from a window would fall upon it. 
This soil was coverd with water to a considerble depth. The soil was then 
stirred until the light matter and every bubble of air had risen to the top. 
The impurity that floated on the surface was then removed by drawing over 
it a piece of bibulous paper, so that the water stood perfectly clear above the 
soil. Then a few drops of muriatic acid were added by a dropping tube 
and the water was carefully watched to see if any bubbles rose through it, 
as they would have done if any carbonate were present. The minutest 
quantity of gas escaping, could in this manner be perceived. 

I am confident that if in 100 grains of the soil, (the quantity usually em
ployed) the fiftieth part of a grain llad existed, it might in this manner have 
been detected. The result disclosed the remarkable fact, that out of 145 soils 
examined from all parts of the state, and some of them underlaid by lime
stone, only 14 exhibited any effervescence; and even these, when analyzed, 
yielded but a small per centage of carbonate of lime : viz. 

No. 176 Alluvial Soil, Westfield, 
" 180 Sandy Soil, Truro, 
" 35 Graywacke Soil, W atcrtown, 
" 51 Limestone Soil, Sheffield, 
" 52 do West Stockbridge, 
" 192 do Saddle Mountain Adams, 
" 189 do Richmond, 
" 183 Argillaceous Slate Soil, Boston Corner, 
" 196 Talcose Slate Soil, Mount Washington, 
" 78 Gneiss Soil, Westminster, 

6.2 per cent. 
21.3 
1.30 
0.80 
3.20 
1.50 
0.80 
2.98 
2.77 
3.00 
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" 80 Gneiss Soil Fitchburg, 
" 186 do Sandisfield, 
" 113 Sienite Soil, Wrentham, 
" 125 Greenstone Soil, Deerfiekl, 

S5 

2.10 per cent. 
2.80 
0.40 
2.00 

Even in several of the above instances I am convinced that the calcareous 
matter was not natural to the soil. Thus, I afterwards learnt that the field 
in Westfield, (about a mile west of the village,) from which the above spec
imen was taken, had been highly manured; and having collected another 
specimen in an adjoining field, I could detect no carbonate in it. Nos. Sl, 
78, 80, and 125 also, contrary to my usual custom, were obtained in small 
patches of cultivated ground near villages; and most probably these had 
been highly manured if not with lime yet with substances that might pro
duce a carbonate of some sort. And No. 180 was full of fragments of sea 
shells. Setting aside these specimens, we find that only one in 10 
of our soils contains any carbonate of lime; and if we leave out of the 
account, the soils from the limestone region of Berkshire, we may con
sider nearly e1·ery other soil in the state as destitute of that substance. 
Even in Berkshire, it is rare to meet with soils that effervesce ; and I have 
found none there, that contained but a very small proportion of the carbon
ate of lime. From the able work of Edmund Ruffin Esq. of Virginia, on 
calcareous manures, it appears that the sam~ is true of the soils of that 
state: and also of some of the western states ; e1•en where limestone is the 
prevailing rock. The analyses of western soils, also, which I have given, 
show but a small proportion of this ingredient. Upon the whole, I think we 
may fairly infer that the soils in general in this country arc less charged with 
carbonate of lime than those of Europe. Jn the primitive parts of our 
country, such as New England, this is easily explained, from the great 
dearth of limestone. In other parts, perhaps the fact may be explained by 
the powerful effects of dilm·ial action, and the more compact nature of our 
limestone in our vast secondary deposites, whereby they are less liable to 
disintegration, than many of those in Europe. Or not improbably, the 
great amount of vegetation, that has for thousands of years spread over our 
country, while it has added to the organic matter of the soil, may have used 
up much of the carbonate of lime: For that the growth of vegetables will 

gradually consume the calcareous matter of the soil, seems now pretty well 
established. 

.J\~ew Method ef analyzing &ils. 

Without stopping to suggest any means for supplying the deficiencies 
which the preceding analyses ha1•e shown in our soils, I proceed to the de. 
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velopment of a new method of analysis, which I very unexpectedly recei,·ed 
from a distinguished chemical friend, and which he has allowed me to present 
in this Report, with its application to our soils. It is the invention of Dr. 
Samuel L. Dana of Lowell, to whom, as will appear in the sequel, I am in
debted for other important assistance in the way of analysis. In order to its 
being fully understood and appreciated, a few preliminary statements from 
myself; in addition to those by Dr. Dana, will be necessary. 

Till within a few years past, the state in which vegetable and animal mat
ter exists in the soil, and the changes through which it passes, before being 
taken up by the roots of the plant, were almost entirely unknown to chemists. 
Long ago, however, Klaproth had discovered a peculiar substance in the elm 
tree, whlch he denominated ulmin. More recently it was found by Bracon
not in starch, saw-dust, and sugar; and by the distinguished Swedish chemist, 
Berzelius, in all kinds of barks. Sprengel, and Polydore Boullay have as
certained, also, that it constitutes a leading principle in manures and soils. 
Hence they call it llwnin; but Berzelius adopts the name of Geine. When 
wet, it is a gelatinous mass, which, on drying, becomes of a deep brown or" 
almost black color, without taste or smell, and insoluble in water; and, there
fore, in this state incapable of being absorbed by the 1•oots of plants. Yet af
ter the action of alkalies upon it, it assumes the character of an acid, and unites 
with ammonia, potassa, lime, alumina, &c., and forms a class of bodies called 
Geates, most of which are soluble in water, and therefore capable of being ta
ken up by plants. And it is in the state of geates, that this substance for the 
most part exists in the soil. I have thought it might at least gratify curiosity, 
and perhaps be of some practical use, to add specimens of these forms of 
geine to the collection of soils. No. 227 is pure geine : No. 226 geate of 
potassa: No. 225 geate of lime: No. 224 geate of alumina. 

It is but justice to say, that Dr. Dana derived his knowledge of geine 
chiefly from his own researches, m ... Je with a view to improve the coloring 
processes in the Calico Printing E&u.blishment, at Lowell: and his method 
of analyzing soils is altogether original. The statements of Berzelius, in
deed, though interesting in a theoretical point of view, afford very little light to 
the practical agriculturalist. Those of Dr. Dana appear to me to be far more 
important; although essentially cqinciding with those of European chemists. 
His method of analysis, derived from his researches, I must say, after having 
made extensive application of it to our soils, is simple and elegant, and taken 
in connection with his preliminary remarks, it appears to me to be a most 
important contribution to agricultural chemistry, and promises much for the 
advancement of practical agriculture. I trust it will be favorably received 
by the government, and by all intelligent men, who take an interest in the 
subject. His preliminary remarks and rules I shall now present in his own 
language. 
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"By geine," says be, "I mean all the decomposed organic matter of the 
soil. It results chiefly from vegetable decomposition; animal substances 
produce a similar compound containing azote. There may be ·undecom
posed vegetable fibre so minutely dividecl as to pass through the sieve; (see 
first step in the rules for analysis) but as one object of this operation is to 
free the soil from vegetable fibre, the portion will be quite inconsiderable 
It can affect only the amount of insoluble geine. When so minutely di
vided, it will probably pass into geine in a season's cultivation. Geine ex
ists in two states : soluble and insoluble: soluble both in water and in alkali, 
in alcohol and acitls. The immediate result of recent decomposition of 
vegetable fibre is abundantly soluble in water. It is what is called Solution 
of Vegetable Extract. Air converts this soluble into solid geine, still par
tially soluble in water, wholly soluble in alkali. Insoluble geine is the result 
of the decomposition of solid geine: but this insoluble geine, by the long 
continued action of air and moisture, is again so altered as to become soluble. 
It is speedily converted by the action of lime into soluble geine. Soluble 
geine acts neither as acid nor alkali. It is converted into ct substance having 
acid properties by the action of alkali; and in this state combines with earths, 
alkalies, and oxi<les, forming neutral salts, which may be termed geates. 
These all are more soluble in water than solid geine; especially when they 
are first formed. Their solubility in cold water is as follows: beginning 
with the easiest: magnesia-lime-manganese-peroxide of iron-(it does 
not unite with the protoxide of iron) alumina-baryta. The geates of the 
alkaline earths arc decomposed by carbonated alkali. The geates of alumi
na and of metallic oxirlcs are soluble in caustic or carbonated all'ali without 
decomposition. The geatcs of the alkaline earths, by the action of the car
bonic acid of the air, become s1per-geates, always more soluble than neutral 
salts. Soluble geinc, therefore, inclurles the watery solution- the solid ex
tract caused by the action of air on the solution, and the combinations of this 
with alkalies, earths, and oxides. Insoluble geine includes all the other 
forms of this substance." 

"Soluble geine is the food of plants. lnsolubk geine becomes food by 
air anrl moisture. Hence the reason and result of tillage. Hence the rea
son of employing pearbsh to separate soluble and insoluble geine in analy
sis." 

"These arc the facts. 1Vill they not lead us to a rational account of the 
use of lime, clay, ashes and spent ley? \Viii they not account for the su
periority of unfermented over fermented clung in some cases?" 

Dr. Dana's remarks in answer to these inquiries I shall omit for the pre
sent, and quote the remainder of his remarks preliminary to his rules for 
analysis. If any sentences seem to be somewhat repetitious of those alrea

G 
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dy quoted, it is sufficient to say, that they were communicated at different 
times, in private letters, in answer to inquiries which I had made, that I 
might be sure not to mistake his meaning. On a subject so new, some repe

titions are not undesirable. 
"Geine forms the basis of all the nourishing part of all vegetable manures. 

The relations of soils to heat and moisture depend chiefly on geine. It is 
in fact, under its three states of ' vegetable extract, geine, and carbonaceous 
mould,' the principle which -gives fertility to soils long after the action of 
common manures has ceased. In these three states it is essentially the 
same. The experiments of Saussure have long ago proved that air and 
moisture convert insoluble into soluble geine. Of all the problems to be 
solved by agricultural chemistry, none is of so great practical importance as 
the determination of the quantity of the soluble and insoluble geine in soils. 
This is a ,question of much higher importance than the nature and proportions 
of the earthy constituents and soluble salts of soils. It lies at the foundation of 
all successful cultivation. Its importance has been not so much overlooked 
as undervalued. Hence, on this point the least light has been reflected from 
the labors of Davy and Chaptal. It needs but a glance at any analysis of 
soils, published in the books, to see that fertility depends not on the propor
tion of the earthy ingredients. Among the few facts, best established in 
chemical agriculture, are these: that a soil, whose earthy part is composed 
wholly or chiefly, of one earth; or any soil, with excess of salt, is always 
barren ; and that plants grow equally well in all soils, destitute of geine, up 
to the period of fructification :-failing of geine, the fruit fails, the plants 
die. Earths, and salts, and gcine, constitute, then, all that is essential; and 
soils will be fertile, in proportion as the last is mixed with the first. The 
earths are the plates, the salts the seasoning, the geine the food of plants. 
The salts can be varied but very little in their proportions, without injury. 
The earths admit of wide variety in their nature and proportions. I would 
resolve all into "silicates;" by which I mean the finely divided, almost im
palpable mixture of the detritus of granite, gneiss, mica slate, sienite, and 
argillite; the last, giving by analysis, a compound very similar to the for
mer. \Vhen we look at the analysis of vegetables, we find these inorganic 
principles constant constituents- silica, lime, magnesia, oxide of iron, pot
ash, soda, and sulphuric and phosphoric acids. Hence these will be found 
constituents of all soils. The phosphates have been overlooked from the 
known difficulty of detecting phosphoric acid. Phosphate of lime is so ea
sily soluble when combined with mucilage or gelatine, that it is among the 
first principles of soils exhausted. Doubtless the good effects, the lasting 
effects, of bone manure, depend more on the phosphate of lime, than on its 
animal portion. Though the same plants growing in different soils are 
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found to yield variable quantities of the salts and earthy compounds, yet 1 
believe, that accur~te analysis will show, that similar parts of the same spe
cies, at the same age, always contain the inorgai1ic principles above named, 
when grown in soils arising from the natural decomposition of granitic rocks. 
These inorganic substances will be found not only in constant quantity, but 
always in definite proportion to the vegetable portion of each plant. The 
effect of cultivation may depend, therefore, much more on the introduction 
of salts than has been generally supposed. The salts introduce new breeds. 
So long as the salts and earths exist in the soil, so long will they form vol
taic batteries with the roots of growing plants; by which, the silicates 
are decomposed and the nascent earths, in this state readily soluble, are 
taken up by the absorbents of the roots, always a living, never a mechfillical 
operation. Hence so long as the soil is chiefly silicates, using the term as above 
defined, so long is it as good as on the day of its deposition ; salts and geine 
may vary, and must be modified by cultivation. The universal di/fusion of 
granitic diluvium will always afford enough of the earthy ingredients. The 
fertile character of soils, I presume, will not be found dependent on any 
particular rock formation on which it reposes. Modified they may be, to a 
certain extent, by peculiar formations ; but all our granitic rocks afford, 
when decomposed, all those inorganic principles which plants demand. This 
is so true, that on this point the farmer already knows all that chemistry can 
teach him. Clay and sand, every one knows: a soil too sandy, or too clayey, may 
be modified by mixture ; but the best possible mixture does not give fertility. 
That depends on salts and geine. If these views are correct, the few prop
erties of geine which I have mentioned, will lead us at once to a simple and 
accurate mode of aiialyzing soils,-a mode, which determines at once the 
value of a soil, from its quantity of soluble and insoluble vegetable nutri
ment,-a mode, requiring no array of apparatus, nor delicate experimental 
tact,-<me, which the country gentleman may apply with very great accura
cy; and, with a little modification, perfectly within the reach of any man 
who Cfill drive a team or hold a plough." 

Rules of .!J.nalysis. 

1. "Sift the soil through a fine sieve. Take the fine part ; bake it just 
up to browning paper." 

2. "Boil 100 grains of the baked soil, with 50 grains of pearl ashes, sale
ratus, or carbonate of soda, in 4 ounces of water, for half an hour ; let it set
tle ; decant the clear : wash the grounds with 4 ounces boiling water : throw 
all on a double weighed filter, previously dried at the same temperature as was 
the soil (I) ; wash till colorless water returns. Mix all these liquors. It is a 
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brown colored solution of all the soluble geine. All sulphates ha,·e been cort
,·erted into carbonates, and with any phosphates, are on the filter. Dry there
fore, that, with its contents, at the same heat as before. 'V cigh-the loss is 
soluble gcine." 

S. "If you wish to examine the geine; precipitate the alkaline solution 
with excess of lime-water. The gcale of lime will rapidly subside, and if 
lime-water enough has been added, the natant liquor will be colorless. Col
lect the geate of lime on a filter: wash with a little acetic or very dilute 
muriatic acid, and you have geine quite pure. Dry and weigh. Deduct 
the weight from the soluble geine, (rule 1.) the remainder is the amount of 
alumina, oxide of iron, magnesia, sulphuric and phosphoric acids contained 
in the alkaline solution." 

4. "Replace on a funnel the filter (2) and its earthy contents : wash with 
2 drams muriatic acid, diluted with three times its bullc of cold water. 
\V ash till tasteless. The carbonate and phosphate of lime will be dissolved 
with a little iron, which has resulted from the decomposition of any salts of 
iron, beside a little oxide of iron. The alumina will be scarcely touched. 
We may estimate all as salts of lime. Evaporate the muriatic solution to 
dryness, weigh and dissolve in boiling water. The insoluble will be plws
phate ef lime. Weigh-the loss is the sulphate ef lime; (I make no allow
ance here for the difference in atomic weights of the acids, as the result is of 
no consequence in this analysis.)" 

5. "The earthy residuum, if of a greyish white color, contains no insolu
ble geine- test it by burning a weighed small quantity on a hQt shm,el-if 
the odor of burning peat is given off, the presence of insoluble geinc is indi
cated. If so, calcine the earthy residuum and its filter-the loss of weight 
will gfre the insoluble geinc; that part which air and moisture, time aud 
lime, will com'ert into soluble vegetable food. Any error here will be clue to 
the loss of water in a hydrate, if one be present: but hydrates exist in too 
small quantities in soils to affect the result. The actual weight of the 
residuary mass shows the amount of Silicates in the soil. 

"The clay, mica, quartz, &c. are easily distinguished. If your soil is cal
careous, which may be easily tested by acids; then before proceecling to this 
analysis, boil 100 grains in a pint of water, filter and dry as before: the loss 
of weight is due to the sulphate of lime: even the sulphate of iron may be so 
considered: for the ultimate result in cultivation is to convert this into sul
phate of lime." 

"Treat the soil uith muriatic acid, and having thus removed the lime, pro
ceed as before, to determine the geine and insoluble vegetable matter." 

As soon as made acquainted with this mode of analysis, it appeared to me so 
much more important and accurate than any other with which I was conver-
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sant, that I felt determined, if possible, to apply it to the soils of Massa
chusetts ; and by extra efforts, I have the pleasure of presenting in the fol
lowing table the results of its application to all our soils which I have col
lected, viz. 146: and I shall show hereafter, similar results with our marls, 
clays, and other substances, to which this method can be applied. 

-f '"''""-"'''""'· . . . 3.5 12 2.0 0.0 9'2.4 3.3 65 2·44 
2 do Northampton, - 2.8 4.2 2.4 1.0 89.6 2.0 40 245 
3 do Dee rfie ld , - 2.:1 J.l 1.6 0.9 94.I 2.1 42 2.5<! 
4 do Northampton, - 1.2 2.4 0.0 J.l 94.4 1.2 2;; 2.63 
fl do Northfield, - - - 2.d 2.8 1.5 0.6 92.3 2.9 58 2.G5 
6 do Northampton, - - - 24 08 2.8 0.8 !l3.2 1.4 2d 2.sa 
7 do W Springfield, - - 3.2 1·2 1.3 0.7 93.6 3.0 60 2 <6 

Ji6 Alluv1um-Westfit:ld, - 2.-1 27 2.6 6.2 1.0 bJ.J 2.3d "1 '" . <~"''"'"'"'"·' 1.5 l.2 0.!) 0.3 96. 1 
!" do Stockbridge, - - - 33 OB 20 05 9-J.5 1 9 38 2.55 
9 do Hadley, - - - 2.5 2.'.J 2.7 1.0 fl l.5' 5.0 100 246 

10 <lo S helllcld, - - - J. 3 5.2 1.7 0.5 01 3 3.:> 70 2.53 
11 do Dcerfif'ld , - - 2.5 2.4 0.8 08 g~~1 ~g 40 2.!>8 
12 do W Springfield, 1.5 J.5 J.O 0.5 30 26:; 
J .l 01lu vial Arg1 llaccous-Sprmgficld, 4.8 5.8 2.4 1.2 85.8 6.3 126 2.31 
14 do do North<1mpton , 4.8 4.6 1.6 U.tl 88.26 1 12-2 2.37 
1:; do do Plym outh , ~.9 4 D 1.8 I).!) 8!)54.9 !Id 234 
16 do do Barnstable, 4.4 5.!.l 0.0 0.6 &!.2 4.9 98 2.39 
17 do do Sandwich, 2.8 4 .!l 3.0 I.I 80.2 4.2 84 237 
18 do Sandy-Wa~cham, - 0.5 0.0 0.4 .. ·r JO 2.37 
]!I do do Springfield, - 3.:.? o.o I 6 0.6 04.6 1 7 34 260 

160 do do un cultivated, Northampton, 3.6 4.4 0.5 0.5 01.0 
]7\i do L oamy-Amherst, 3.G 23 2.5 0.9 911.8 2.37 
l7rl do Sandy-Sherlield, 0.0 o.~ 03.2 u.OB!!d.8 2.G(i 

] '50 do do Truro,· 3.i }_(j 21.3 0.33 73.1 ).7 3.1 
~/) do do Barnstable, o.o 0.0 O.l 0.3 1~61 g~ 16 2.72 
21 do do Gloucester, 

2G 0.6 
14 2.71 

~~· ~:~~:~~~:: ~~~~·,~=~~.~~6n~~~·dow ,· 
0.3 0.7 95.6 3.4 68 2.5:1 
3.:l O.G 32 0.6 9'2:513.2 6·1 2.43 

2.J do do Wilbraham, - 6. 1 20 J.0 O.d 90 I 25 50 2.60 
2r1 do do W. Spri ngfield, 4.1 3.ti 4.3 0.7 b8 .I 2.7 54 2.46 
26 do ~Cray,)-Grnnby, - 2.7 l ti 0.6 0.8 DU 3.0 60 2.51 

~~ Graywac<~~ Soil-R~~~~~~t~r, : 
7.6 2.1 1.B 1.0 87.5 4.5 90 237 
4.4 3rl 23 1.4 80.J ;J.O 78 2.43 

2!.I do Brnokli ne 1 
6.0 5.3 3.1 1.4 tl.1.2 5.8 11 6 234 

30 do W al pole, 2.6 S.5 1.0 0.8 8!).2 3.1 G2 2.3 t 
31 do Dighton, 2.1 J4 J.0 0.5 9'2. J 1.5 '.JO 2.34 
3:.!' do J\liddleborough, J.2 37 2. l 0.0 !)'2.1 J.6 32 248 
:1:1 do Quinr.r! 2. J 5.0 2.4 J.5 900 3.5 70 244 
:H do W . Bmtgcwater, 3.4 2.3 J.2 0.6 9-2.5 2.5 50 2.40 

30 do 'VatNtown, 5.G 55 ].!) l. 3 J.J 84.61 4.6 92 227 

36 do Jl alifo.x, 3. :J 27 0.3 0.8 02.!} 1.0 20 2Ar> 
37 do Cambridge, 2.8 3.fi J. B 0.2 Dl.t 2.G 52 2.i;; 

3" do Taunton, 4.7 2.4 1.8 0.8 90.311.8 ~16 2.41 
3~1 do Attle borough, east part, 2.0 ,I.I 0.5 0.6 92.8 2.r; 56 2.4~ 

40 do do westpnrt1 
2.5 66 10 20 87.0 3.7 74 2.2 1 

41 Argillaceous Slate-Lnnc~ster, 5.0 4.5 4.6 OD BS.O. 5.6 112 2.2:i 
4;.? do Sterling, 6.1 4.6 1.8 0.5 87.0i 2.6 52 2.32 
43 do Townsend , G.2 5.0 1.0 1.0 

!H13.5 
70 2.31 

Jbl lMg;llaceoue Slate So;J, uncuJt;.vatod-Laucaeler, 7.9 3.0 2.0 1.0 
l tl:J do B oston Corner, - · 4,0 7.3 2.5 3.0 1.0 2.30 

44 Limes tone, (Magnesian,)-l\h.rlborough, - - 4.4 05 14 2.0 ~:~! 3.0 60 2.43 
4f1 do L anesborough, - - 3.0 0.8 1.l 4.2 3.6 72 2.:J!) 

4G do GreatBarrmgton, - · 3.6 0.5 1.7 5.0 ~!1.2 3.5 70 2.!"">6 

47 do Adams, - - - 2.2 0.4 1.5 3.3 9'2.6: 2.~ 5G 2.tG 

• Tbi~ remarkablesoilwillreceivcfurtberno1iceona&ubsequcntpagc. 
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~ ~ .. ::; ~ :!. ~ 

NAME ANO LOCALITY OF TllE SO IL· 

I l i . j :q 
~ 

3 .e l ~~- l=~ ! :ii '3 

192 Limestone Soil, Saddle Mt. Adams, 0.7 3.:J 0.1 J.f 0.6 

··, 
2·,j~ 

189 do R ichmond, . · 2.6 2.1 0.8 o.~ 0.8 92.!) 2.39 

190 do South Lee, uncultivated, 2.1 2.3 0.6 0.7 94.3 

191 do Eg:rc_mont1 - 1,4 1.5 1" 0.7 94.6 2.4G 
48 do Wdl1amstown, · 3.1 2.0 2.8 0.6 iJJ.5 5.5 110 2.3!.I 

49 do S~ockbridge, - 2.:J 5.2 3.9 0.7 87.9 6.0 120 2.45 
50 do Pittsfield, · 5,4 5.:l 1.0 0.7 87 6 3.0 60 2.3!J 

" 51 do Sheffield, 2.7 4.2 1.8 0.8 0.5 90.0 5. 1 102 2.27 

62 do W. Stockbridge, 4.0 5.2 1.0 3.2 1.6 8:-1.0 4.5 90 2.30 

53 Mica Slate Soil-West Boylston, - ~~I 5.1 0.9 06 b7.4 4.2 8< 2.3 1 

54 do Webster, 3.1 1.3 J.0 89. 1 5.G 11 0 2.3 l 
55 do Lunenburg, 5.0 3.4 0.8 1.1 8!1.7 4.3 86 229 

~ ~~ ~t::~~:•tfi~ia:~t; 
3.0 5.5 0.2 J. 5 89.8 5.3 106 2.40 
6.1 3.5 1.5 15 b7.5 4.7 6• 2.4 1 

58 do Bradford, - 6.5 6.8 2.0 1 2 83.5 6.5 130 2.26 
59 do West Newbury, 30 5.5 3.5 1.0 S7.0 4.8 96 2.37 
60 do Methuen, 2.9 2.2 J.5 0 6 92.8 0.9 18 2.53 
61 do Pepperell, 38 7.0 1.6 0.7 66.9 6.2 124 2.27 
62 do Norwich, 4.l 4.3 1.2 ~.~ !l'J.8 5.3 106 236 
63 do Conway, - 2.0 4.5 1,7 nn.7 3.'2 64 2.53 

181 do uncultivatedRuHrll, · 3.8 6.0 2.7 0.5 87.0 
182 do West Newbury, uncultivated, 5.9 5.7 3.0 09 85.5 

6-J Ta1cose Slate Soil-Chestcr1 west part1 - 1.5 2.1 3.1 1.0 92.3 3. 1 62 2,54 
6.~ do Charlemont, · 3.8 2.2 1.4 06 92.0 3.5 70 2.45 

195 do uncultivated Becket1 • 8.5 4.7 :J.7 1.1 82.0 
194 do Rowe 1 - - - 4.1 4.6 2.5 J.6 

iH1 
2.:J.; 

1~ Talc:~mica~~~~~i:t~~~~~~~~' u~cultiv;tcd 1 
2.6 4.7 1.7 2.0 1.5 2.33 
3.2 8.4 2.4 2.0 5.8 116 2.35 

(i7 do Hancock, 6.2 5.8 1.5 1.0 85.5 2.3 46 2.3 1 
68 Gnerss Soil-Tewksbury, - 4.3 3.9 1.2 0.8 89.8 3.5 70 2.41 
60 do Stow, 4.0 3.U 2.0 1.0 90.0' 3.8 76 2.41 
70 do Bolton, . 4.6 3.4 2.1 0.9 89.0 3.8 76 2.40 
71 do Uxbridge, - 2.6 3.0 2.9 0.9 90.6 3.5 62 2.36 
72 do Mendon, - 2.6 2.5 2.4 0.7 91.8 3.4 61l 2.51 
73 do Tyngsborough 1 

4.5 l.8 0.6 0 6 02.5 2.6 52 2.4:; 
74 do H olden, · 3.9 4.7 1.4 1.4 88.6 5.0 100 2 .37 
75 do Dudley, 4.0 4.6 1.9 0.7 88.8 5.3 106 2.35 
76 do Templeton, 5.2 4.1 2.7 0.5 87.5, 5.1 102 2.26 
77 do Rutland, 7.1 5.3 1.9 1.2 84.5 6.5 130 2.27 
78 do \Vestmi nster, 5.3 3.8 ~.2 3.0 0.7 85.0' 4 6 !J-2 2.26 
79 do Royslston, - 6.0 3.6 J.9 0.6 

~~~i 5.4 108 2.27 
BO do Fitchburg, 5.4 3.3 J.0 2.1 0.7 3.4 88 2.44 
81 do Petersham, 57 4.8 2.4 0.4 86.7 4.5 90 2.36 
82 do New Braintree, 6.0 6.3 J.7 0.8 85.2 6.7 134 2.34 
83 do Palmer, 5.7 2.7 2.1 06 

~·~! 2 6 52 2.49 
84 do Enfield, 7.2 4.9 2.5 1.0 6.4 124 2.29 
85 do New Salem 1 

3.2 2.7 1.5 07 91.91 3.7 74 2.44 
66 do Leverett, 3 3 . 3.7 28 0.7 89.5 4 .4 88 2.49 
87 do Hardwick, 6.3 3.3 2.1 0.6 87.7 4 .9 98 2.36 
88 do Ware , 5.3 0.7 1.9 0.6 91.5 2.3 46 2.58 
89 do Grafton , 4.5 3.5 2.1 0.6 89.3 5.4 108 2.39 
90 do Brimfield, 5.3 2. 1 1.0 0.4 91.2 3.7 74 2.46 
91 do Leiceste r, 3.9 2.9 2.8 1.3 89. l 5.2 104 2.48 
92 do Otis, 4.7 5.4 1 8 1.1 87.0 6.0 120 2.34 
93 do Becket, 8.3 2.4 2.9 J.l 85.3 6.0 120 2.27 

186 do Sandisfield, 3.2 3.3 2.5 2.8 1.5 66.7 2.32 
185 do Tolland, 5.2 3.8 3.9 1.0 66. 1 2 ~8 
187 do Northfield, South Farms, l.3 3.0 1.5 LO 93.2 2.S·I 

9< do Buckland, - - 5.4 2.0 2.1 :: ~!\ 2 8 56 2.5 1 
95 do \Vareham, 2.0 0.6 1.2 0 9 18 2 6o 
00 do Sturbridge, - . 5.1 3.7 2.3 0 4 88 5 2 7 54 2.50 
97 do Brimfield, not cultivated, 0.6 3.8 1.1 05 94 0 37 74 2.60 
98 do \Vest Brookfield, not cultivated, 1.5 5. l 1.6 0 5 91 3 47 9< 2.68 
99 do Oakham, - . - 4.8 2.2 1.4 0 3 91 3 30 60 2.55 

100 do Athol, decomposingGne1H, 0.3 5.3 2.0 0 3 92 1 3 0 60 2.60 
101 Gramte Soil-W H ampton, - 1.2 4.0 1.6 0 8 92 4 22 44 2.60 
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Granite Soil, Concord, - 7.J 2.0 1 .6 
103 do Duxbury, - 4.0 2.0 0.8 
10-1 do Andover, - 5.1 7.5 16 
10.>Sic'nite Soil-Lynnfield, - 5.1 5.2 1.4 
106 do Marblehead, - 5.1 5.0 2.7 
107 do Manchester, - 6.5 3.4 0.8 
lOd do Gloucester, - 2.4 2.2 1.5 
lOlJ do Lexington, - 5.4 3.9 2.6 
110 do Danvers, - 3.8 6.!) 2.7 
111 rto N'f'wbury, - 5.0 5.5 1.0 
112 do Dedham, - 7.0 4.7 J .O 
113 do Wrentha m, - 5.6 5.6 0.8 
114 do N . Bridgewater, 2.2 5.!) 25 
115 do Weymouth, - 2.6 5.1 22 
JJ6 do Sharon, 6.9 3.2 1.7 
117 do l\Iarshfif"ld, 1.6 29 1.1 
JJ8 do Abington, - - 2.7 3.7 1.5 
l 19 Porphyry Soil-Kent's Island, Newbury 5.7 4 .6 3.3 
120 do Medford, - - 8.7 4 .2 2.6 
121 do l\Ialden, 5.2 4 .1 3.5 
122 do Lynn , - 4 .3 3.5 1.8 
12:,GreenstoneS01l-lpswich, 2.8 9.4 0.7 
124 do Woburn, - 7 .7 4.6 1.3 
H.) do D eerfield, - - - - 3.2 4.3 0.1 2.0 
H7 do NewlandnevermanuredBelchertown 2.3 4.6 2.4 

0,5 88.8 
0.7 92.5 
0.6 85.2 
0.6 87.7 
0.6 86.6 
0.6 88.7 
0.:1 93.6 
0.6 87.5 
0.7 85.9 
0.5 88.0 
1.3 86.0 
1.5 86.l 
0.7 88.7 
0.6 895 
0.5 87.7 
0.8 936 
0.8 91.3 
0.4 86.0 
0.8 83.7 
J.6 85.6 
0.6 89.8 
02 86.9 
1.2 85.2 
0.390.1 
1.0 89.7 

43 

2.5 50 2.50 
2.4 48 2.43 
4.4 88 2.2V 
4.4 88 2.2V 
5.8 116 9.35 
4.0 80 240 
2.8 56 2.25 
65 130 2.24 
5.0 100 2.34 
5.3 106 2.36 
6.2 12' 2.24 
3.6 72 2.43 
3.7 74 2.36 
4.0 60 2.35 
3.2 64 2.32 
3.7 74 2.43 
2.7 54 2.46 
6.3 126 2.~6 
6.6 132 2.17 
6.6 136 2.26 
5.9 11 8 2.29 
3.6 72 2.22 
6.0 120 2.27 

27l 54 ~.~ 

E:r:planation of the preceding Table of Results with Remarks and 
Jiiferences. 

The first and second columns need no explanation : and the character of 
the third and fourth will be fully understood, after reading the remarks of 
Dr. Dana that precede the Table. They show us the amount of nutriment 
in the soils of l\fasschusetts ; also how much of it is in a fit state to be absorb
ed by plants, and how much of it will need further preparation. As this is 
probably the first attempt that has been made to obtain the amount of geine 
in any considerable number of soils, we cannot compare the results with those 
obtained in other places. They will be convenient, however, for comparison 
with future analyses : and we learn from them, that geine, in both its forms, 
abounds in the soils of the state, and that it most abounds where most atten
tion has been paid to cultivation. It ought to be recollected, that I took care 
not to select the richest or the poorest portions of our soils ; so that the geine 
in this table is probably about the average quantity. It is hardly probable 
that the number of specimens analyzed from the different varieties of our 
soils is sufficiently large, to enable us to form a very decided opinion as to their 
comparative fertility, especially when we recollect how much more thorough 
is the cultivation in some parts of the state than in others. It may be well, 
however, to state the average quantity of geine in the different geological 
varieties of our soils, which is as follows. 
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Soluble Ge-ine. tn,oluble Gt>irtc?. 

Alluvium, 2.37 2.13 

Diluvial argillaceous soil, 3.87 4.73 

Do Sandy, J.52 130 

Sandstone do 3.28 2.14 

Graywacke, <lo 3.60 4.00 

Argillaceous slale do 5.84 5.06 

Limestone, do 2.88 3.51 

Micas1ate do 4.10 5.10 

Talcose slate do 4.43 4.6~ 

Gneiss do 4.40 3.45 

Granite do 4.05 3.87 

Sienite do 4.40 4.50 

Porphyry do 5.97 4.10 

Greens tone do 4.00 5.72 

One fact observable in the above results may throw doubts over the funda
mental principles that have been advanced respecting geine; viz., that it con
stitutes the food of plants, and that they cannot flourish without it. It ap
pears that our best alluvial soils contain less geine, in both its forms, than any 
other variety, except the very sandy diluvial ones. Ought we hence to infer 
that alluvium is a poor soil~ I apprehend that we can infer nothing from this 
fact against alluvial soils, except that they are sooner exhausted than others, 
without constant supplies of gcinc. For if a soil contain enough of this substance 
abundantly to supply a cro,r that is growing upon it, that crop may be large 
although there is not enough geinc to produce another. Now analysis shows 
that our alluvial soils contain enough of gcine for any one crop : and I ap
prehend that their chief excellence consists in being of such a degree of fine
ness that they allow air, moisture, and lime, rapidly to convert vegetable mat
ter into soluble geine, and yield it up readily to the roots of plants: but I 
presume that \\·ithout fresh supplies of manure, they would not continue to 
produce as long as most of the other soils in the state. A considerable part 
of our alluvia arc yearly recruited by a fresh deposite of mud, which almost 
always contains a quantity of geine and of the salts of lime, in a fine condi
tion for being absorbed by the rootlets of plants. And on other parts of al
luvial tracts, our farmers, I believe, arc in the habit of expecting but a poor 
crop unless they manure them yearly. Yet so fiuely constituted arc these 
soils, that even if exhausted, they are more easily restored than most others: so 
that taking all things into the account, they are among the most valuable of 
our soils: and yet I <loubt whether they produce as much at one crop as many 
other soils; though the others perhaps require more labor in cultivation. 

The amount of soluble and insoluble geine obtained by Dr. Dana's method 
of analysis, ought to correspond pretty nearly with the amount of organic 
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matter obtained by the old method ; and by comparing the two tables of results 
that have been given, it will he seen that such is the fact. Several circumstances, 
however, besides errors of analysis, will prevent a perfect agreement. In the 
first place, by the old method of analysis, 100 grains of the soil are weighed 
before expelling the water of absorption; but by the new method, not until 
after its expulsion. Again, by the old method only the very coarse parts of 
the soil are separated by the sieve: but a fine sieve is used by the new mode, 
and this removes nearly all the vegetable fibre, which by the other method is 
reckoned a part of the organic matter. Other causes of difference might be 
named : and hence we ought not to expect a perfect agreement in the results 
of the two methods. 

Tfrn two next columns in the Table contain the sulphate and carbonate 
of lime, and the third column the phosphates generally : in most cases pro
bably it is the phosphate of lime: but sometimes of alumina and perhaps of 
other bases. I have already described the infrequency of the carbonate of 
lime in our soils : hut it will be seen that I found the sulphate of lime as 
well as phosphates in every soil analyzed. In respect to the sulphate of lime, 
or gypsum, it may not be unexpected that we should find it in all soils, since 
we know it to occur in all natural waters throughout the state; and we can
not conceive of any other source from which the water could have derived 
it, except the soil. But the phosphates have generally been supposed to he 
much more limited, nay to be scarcely found in soils, except where animal 
substances have been used for manure. It is not po~sible that in all the soils 
which I have analyzed, such was their origin, for 13 of them have never been 
cultivated. And there is strong reason to believe, that phosphates are a con
stituent of all soils in their natural state. The arguments on this subject are 
stated so ably by Dr. Dana, that I need only quote from his letter. 

"When we consider that the bones of all graminivorous animals contain 
nearly 50 per cent. of phosphate of lime, we might be at liberty to infer the 
existence of this principle, in the food, and, consequently, in the soil, 
on which these animals graze. If we look at the actual result of the an
alysis of beets, carrots, beans, peas, potatoes, asparagus, and cabbage, 
we find phosphate of lime, magnesia, and potash, varying from 0.04 to 1.00 
per cent. of the vegetable. Indian corn too, by the analysis of the late Pro
fessor Gorham, of Harvard College, contains 1.5 per cent. phosphate and sul
phate of lime. It may be said that this is all derived from the manure. We 
shall see by and by. Let us look at the extensive crops often raised, where 
man has never manured. Rice, wheat, barley, rye, and oats, all contain no
table portions of phosphates of lime, not only in the grain but in the straw, 
and often in the state of superphosphates. The diseases too, ergot and smut, 
show free phosphoric acid. Can it be that, owing to certain electrical influ-

7 
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ences of the air, in particular seasons, lime is not secreted by the plant to 
neutralize the free acid? i\Iay not this be a cause of smut and ergot? Dot's 
it not point out a remedy? Take too the cotton crop of our countr.r. 
What vast quantities of phosphates do we thus annually draw from the soil? 
Cotton gives one per cent. ashes, of which 17 per cent. is composed of phos
phate of lime and magnesia. The like is true of tobacco. It contains 0.16 
per cent. of phosphate of lime. If we turn to the analysis of forest trees, we 
find that the pollen of the pinus abies, wafted about in clouds, is composed of 
S per cent. phosphate of lime and potash. May not this too be one of nature's 
beautiful modes of supplying phosphoric acid to plants and to soils? If, as the 
late experiments of Peschicr have proved, sulphate of lime, in powder, is de
composed by growing leaves, the lime being liberated, and the sulphuric·acid 
combining with the potash in the plant, why may not phosphate of lime, ap
plied by pollen, act in the same way? At any rate, the existence of phos
phate of lime in our forest soils is proved not only by its existence in the pol
len, but by its actual detection in the ashes of pines and other trees.-100 
parts of the ashes of wood of pinus abies give S per cent. phos. iron; 100 
parts of the ashes of the coal of pinus sylvestris give 1.72 phos. lime, 0.25 
phos. iron: 100 parts of ashes of oak coal give 7.1 phos. Jime, S.7 phos. iron ; 

100 ashes of Bass wood 5.4 phos. lime, 3.3 phos. iron. 
" Birch 7.3 " 1.25 " 

Oak wood J.S 
Alder coal 3.45 a 9.00 

"These are the calculated results from Berthier's very accurate analyses: 
and those very curious crystals-detected in some plants-the "raphides" of 
De Candolle, are some of them bibasic phosphates of lime and magnesia. 
Phosphate of iron, we know, is common in turf; and some barren and 
acid soils owe their acidity to free phosphoric acid. If we allow that our 
untouched forest soil contains phosphate of lime, it may be said, that this, be
ing in small quantity, will be soon exhausted by cultivation, and that the phos
phates, which we now find in cultivated fields, rescued from the forest, is due 
to our manure :-1 give you the general result of my analysis of cow dung, 
as the best argument in reply. My situation and duties have led me to this 
analysis. I give you it, in such terms as the farmer may comprehend: water, 
83.60; hay, 14,: biliary matter, (bile resin, bile fat and green resin of hay,) 
1.275; geine combined with potash, (vegetable extract,) 0.95; albumen, 
0.175." 

"The ha): is little mo1:e altered than by chewing. The albumen has disa,p
peared, but its green resm, wax, sulphate and phosphate of lime remain, and 
when we take 100 parts of dung, among its earthy salts we get about 0.23 
parts phosphate, 0.12 carbonate, and 0.12 sulphate of lime. Now, a bushel of 
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green dung as e\•acuated weighs about 87.5 lbs. Of this only 2.40 per 
cent. arc soluble. Of this portion only 0.95 can be considered as soluble 
gl:ine." 

TVeslem Soils. 

In addition to the preceding arguments respecting the existence of phos· 
phatc of lime in the soils, I would state that I found it in every analysis which· 
I have made of the Berkshire marls, the results of which I shall soon present. 
I have also recently analysed five specimens of soils from Ohio and Illinois, pre
sented to me by H . G. Bowers, Esq., formerly of Northampton, in this state, 
and now resident in Illinois. They were take from some of the most pro
ductive spots in those states, and, in regard to some of them, it is certain, that 
no animal or any other manure has ever been applied by man, and at least 
one of them seems not to have been cultivated, so far as I can judge from its 
appearance. Yet all these soils contain phosphate of lime. The following 
are the results of their analysis; which I give, partly because of the sub
ject under consideration, and partly because I thought it might be gratifying 
to compare the composition of some of the best soils at the west with those 
in Massachusetts.* 

The above soils are evidently of the very first quality: the geine being in 
l~rge proportion, and the salts quite abundant enough, while there is still a 
small supply of carbonate of lime to convert more insoluble into soluble geine, 
whenever occasion demands. Still, if we compare the preceding analyses with 
some of those that have been given of the Massachusetts soils, the superiority of 
the western soils will not appear as great as is generally supposed. And there 
is one consideration resulting from the facts that have been stated respecting 
geine, that ought to be well consitlered by those who arc anxious to leave the 
soil of New England that they may find a more fertile spot in the \Vest. 
Such soils they can undoubtedly find; for geine has been for ages accumulating 
from the decomposition of ''egetation in regions which have not been culti-

• The an11lyai11 of four of tliese soils in the dry way by alkali has been already given with the salts from 
lheabovcTa.ble. 
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vated: and for many years, perhaps, those regions will produce spontaneously. 
But almost as certain as any future event can be, continued cultivation will ex
haust the geine and the salts, and other generations must resort to the sarr_ie 
means for keeping their lands in a fertile condition as are now employed m 
Massachusetts; viz., to provide for the yearly supply of more geine and more 

salts. 

Mode of testing the Phosphates obtained by Dr. Dana's Rules. 

If the results which I have given as to phosphates in soils be admitted as 
correct, they will settle the question, when taken in connection with Dr. 
Dana's reasoning, as to the very wide if not universal diffusion of this class 
of salts. But since Dr. Dana's rules imply that the process for obtaining 
them may also produce a little iron, and perhaps alumina, the enquiry arises, 
whether in some instances at least, what I have given as phosphates, may 
not in fact be only iron and alumina. I determined, therefore, to test some 
of these results. In doing this, I have followed two methods, appended by 
Dr. Dana to his rules already given for the analysis of soils ; but which were 
not inserted in my report of 1838. I give them in his own language. 

"As to the best mode of detecting phosphates in soils, (I say phosphates, be
cause the third rule of analysis includes all phosphates under phosphate of 
lime,) there are two modes which I would suggest. 

"1. Having reduced the analysis to the point at which the Sd rule esti
mates the phosphate of lime, dissolve that in pure acetic acid. Treat the 
solution with sulphuretted hydrogen to separate any iron and manganese; 
warm it to drive off the excess of sulphuretted hydrogen, and then treat the 
clear solution with acetate of lead. Phosphate of lead falls if any phosphoric 
acid is present- The only sow-ce of error is in the presence of sulphate of 
lime. The rule supposes that to be removed. If you doubt, collect the sup
posed phosphate of lead ; dry, fuse on charcoal, in the outer flame of the 
blowpipe: phosphate of lead crystalizes as it cools, So says Berzelius and 
he considers this test infallible." 

"2. Fuse the phosphate of lime of Rule S of analysis, with carbonate of 
soda. Dissolve in water, saturate the solution with nitric acid. If a precip
itate occur it is subphosphate of alumina. Treat the clear solution with ni
trate of silver; a yellow precipitate occurs if phosphoric acid is present. 
The lime in both cases may be separated by an oxalate as usual." 

It is possible that a phosphate may exist in a soil and yet not be detected 
by either of these rules. Hence in a doubtful case, it may be well to fuse 
some of the finer part of the soil with alkali, and then treat the resultino- so-
lution as in the second of the above rules. "' 
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I applied the above rules to several of the phosphates obtained from soils, 
with the following results. 

No.of lite Soil. 

rn2 
H9 
1~~ 
186 
1!)6 
176 
179 
178 
191 
185 

2d. Trial 
187 

2d. Trial 
203 
204 

Amount of the 
Phoaphatesused. 

0.41 
0.40 
1.33 
1.13 
1.03 
130 
0.90 
0.09 
0.60 
1.50 
l.00 
I.JS 
J.04 
0.81 
0.12 

Actionofacf'tatcof 
Lead on the Acetic 

Solution 

Precipitate 
no. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

None 
Do. 

None 
Do. 

Prt>cipitate 
Do. 

I 
Action of the Oxalate of 

Ammonia. 

No trial 
Do. 

Precipitate alight 
Do. larger 
Do. small 
Do. larger 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. alight 
Do. Do. 

Although Nos. 241, and 242 gave no precipitate with acetate of lead, I 
was led to suspect that the phosphates might exist, but had become nearly 
insoluble by ignition; as is often the case (R.ose's .analytical ChemislriJ by 
Grijfin, p. 261). Indeed, in nearly all the cases described above, a consider
able residuum remained after digestion in acetic acid. I determined, there
fore, to attack Nos. 241, and 242 with several others, by means of carbonate 
of soda, and the results are given in the following table; which it will be 
seen confirm my suspicions as to the presence of phosphoric acid in Nos. 
241, and 242. 

No. of the Soil. 

185 
I~ 
1!14 
197 
179 

Effect of Saturatio:iwith 
Nitric Acid 

Slight Cloudinea1 
Do. 
Do. 
Do. 
Do. 

Action of Nitrate of Silver. 

Yellow Precipitate-abundant. 
Do. Do. 
Do. Do. 
Do. only slightly yellow 
Do. very yeJIQw 

I cannot see why the above trials do not satisfactorily show the presence 
of the phosphate of lime in all the 15 soils and marls that were operated upon; 
and the probable presence of subphosphate of alumina in five of them: yet as 
to this last point, I do not feel very confident, because the precipitates were 
very slight. These results were so satisfactory, that I did not think it neces
sary to subject any more soils to a similar process. I will not say that I 
should have found phosphoric acid in every soil, whose analysis I have given : 
but I feel justified in inferring from these trials, that it does exist in nearly 
every one of them. If any one should make use of Dr. Dana's rules for the 
analysis of soils, and are in doubt as to the phosphates, the rules above given 
will enable him to settle the question. 
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It is certain however, that Dr. Dana's method of determining the presence 
and amount of the phosphates in a soil by muriatic acid, does usually separ
ate some iron, which is mixed with the phosphates; for in most cases, the re
sults are more or less colored by the per oxide of iron. Possibly also a little 
alumina may thus be separated, yet I think this so minute in quantity that 
it need not be taken into the account. It becomes, however, an interesting 
enquiry, how large a proportion of iron is mixed with the phosphates. I 
made a few trials to determine this point. It has been already stated, that 
only a part of the phosphates were soluble in acetic acid. The insoluble 
residuum was digested in muriatic acid, which probably took up all the iron, 
although a small insoluble portion of matter still remained. The iron was 
precipitated by ammonia, and the following is the result. 

The amount of matter left undissolved by acetic acid in the phosphate 
from Nos. 189, 183, 186, 196, 203, 204, and 176, (amounting to 6 grains) 
was 3.76 grains; which digested in nitromuriatic acid, left a residum of 0.46 
grains; and ammonia threw down from the solution 2.22 grains. This di
vided by 7, gives 0.31 for the amount of iron in each soil; or about one 
third part of the supposed phosphates. The phosphates from the following 
soils were tried separately by muriatic acid and ammonia, with the following 
results. 

Amount of Residuum from Peroxide of 
No. Phosphates. Acetic Acid. Iron. 
179 0.90 0.73 O.! 
178 0.09 004 00 
191 0.60 0.43 0.1 
185 l.50 0.83 0.1 
187 l.18 1.00 0.23 

The amount of iron ' in these last exampl.es is much less than in the first; 
yet taking all things into consideration, I should be disposed to reduce the 
amount of the phosphates, given in the general table of analysis, one third; 
and I think we may safely calculate that the residual numbers will not at 
least exceed the actual amount of the phosphates in the soils of Massachu
setts. 

Combinations ef Phosphoric .flcid in Soils. 

It is rendered probable by the preceding results, as well as by gener
al considerations, that phosphate of lime is the most usual form assumed by 
phosphoric acid in soils. But Dr. Dana has come to the conclusion, founded 
upo nsome analytical trials, that a large portion of the phosphoric acid exists 
in combination with alumina. He says, "In the few trials I made, I found 
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subphosphatc of alumina in the soils. Phosphate of alumina is so ,·cry diffi
cult to separate and distinguish from pure alumina, that I have no doubt the 
absence of pho,phoric acid in soils has been here overlooked. The subject 
needs further inveRtigation." In a recent analysis of a rich soil from the 
state of 1\Iaine, Dr. C. T. Jackson has discovered S per cent. of subphosphate 
of alumina. (Third Report on Ifie Geologij ef .Jl-laine, p. 150.) 

The importance of the question whether phosphates exist generally in our 
soils, must plead my apology for dwelling so long upon it. If the views 
here advanced should prove true, it will be an important step gained in ag
ricultural chemistry. If they prove false, I shall have the consolation of 
knowing that I have erred on a very difficult subject: and that I am in good 
company. I expect and wish that my views should not be received without 
thorough cxamiHation. Nor shall I be offended if the result at which I ha,•e 
arrived should be imputed to errors of analysis; provided chemists will them
selves respcat these experiments. I would remark however, that in the ap
plication of Dr. Dana's rules for detecting the phosphates, it seems hardly 
possible for a mere tyro to commit much error, provided he possess pure 
muriatic acid ;-a point which I endeavored to make sure by distilling it 
with a W o!Ps Apparatus. To cause this acid to pass through a soil upon 
a filter, so as to get a transparent solution, does not surely require much 
skill: and then nothing remains but to evaporate this solution to dryness, 
and treat the residuum with water: so that it seems hardly possible to im
pute the existence of an insoluble residuum to ru1y error in analysis. 

Importance ef Calcareous Matter in Soils. 

lt will be seen from the numerous analyses of Massachusetts soi ls that 
have been given, that lime in some form, and generally in several forms, ex
ists in them all. Indeed, since this substruice is found at least as a silicate 
in nearly all the rocks, we might expect it in all soils. Besides, vegetation 
itself, when it decays, furnishes a supply. The fact of this uni,·ersal diffu
sion of lime is a presumptive argument, as has been already maintained, in 
favor of its importance, if not necessity, for the production of healthy vege
tation. And numerous experiments that have been made, especially in Eu
rope, confirm this opinion. For in a vast majority of cases, the addition of 
lime, either as quicklime; or as marl, or ground limestone, which are carbon

ates; or as gypsum, which is a sulphate; or as pulverized bones, which arc 
phosphate ; increases the fertility of land : and after a few years it becomes 
desirable to acid another quantity. From hence it follows, that the lime in 
a soil is gradually used up, like the geine, by entering into the composition 
of the plants, growing upon it. And in such soils as those of Massachusetts, 
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probably all the lime would ere this have been exhausted, did it not exist 
in a state of such intimate combination, as to be extracted with difficulty. 
The rootlets of plants probably possess the P°'ver of decomposi~g t~1e geate, 
and even the silicate of lime; and every other earthy combmat10n most 
likely, by means of galvanic agency. It seems, however, that only a very 
small quantity of lime is essential to supply the immediate wants of ~he 
plant; and a soil that is half lime does not appear to be more productive 
than one containing 2 or S per cent.; though the former will retain its fertili
ty a greater length of time. Lime also seems in many instances to exert 
an important influence in bringing geine into a proper state, to be taken up 
by the plants; as will be more fully shown farther on. 

It is difficult to make a man not conversant with chemistry, real
ize that a crop may often fail upon his land from the absence of one or two 
per cent. of some substance, which, when present, analysis only can detect. 
Yet the chemist will not hesitate to admit the truth of this position: and the 
ingredient, whose presence is so important, may sometimes be lime. As 
this is unperceived by the farmer however, and as the state of the weather 
and other more common causes of the failure of crops are obvious, it is apt 
in all cases to be referred to them. 

The numerous instances in which lime applied to land has seemed to pro
duce no effect, has led some to infer that this substance is of no use upon 
soils. By such reasoning it would be easy to prove that every kind of ma
nure is useless: for there is not one of them that does not sometimes prove 
useless, perhaps not as often as lime does, yet the principle of reasoning 
involved is the same in both cases : and it is a faulty one. For in both cases 
we can point out reasons why failures should sometimes occur. In respect 
to manures, these usually result from the state of the weather, using that 
term in its most extended sense. But in respect to lime, the failure may re
sult from the fact, that the soil already contains enough of that substance for 
present use ; or from the fact that there is no acid in the soil to be neutral
ized, and no vegetable matter in a state to be beneficially acted upon. Then 
again, it ought to be recollected that lime rarely produces any very visible 
effect for a year or two; and such may be the amount already in the soil, 
and such the state of the geine, that even 4 or 5 years are not long enough to 
prove that the lime does no good, for if vegetation does exhaust the lime in 
soils, the time will come, when that which has been artificially supplied will 
come into use; aliliough from the nature of the case, it might be impossible 
to prove when this took place, because we know not when that natural to the 
soil would become exhausted. To be sure, in such cases the application of 
lime would be to benefit posterity, rather than ourselves ; and the applica
tion might as well be delayed. 



Effects of Lime on Soils. 

There may be other causes why lime seems to produce no effect upon 
soils--eauses, which in the present state of our knowledge on the subject, we 
may be unable to understand: nor do I believe that the agricultural chem
ist, by the aid of the most accurate analysis, can in all cases certainly pre
dict that lime will, or will not, be beneficial. He may be tolerably confident 
that a highly calcareous soil does not need it ;-as experience proves in Eng
land. And if we adopt the views of Dr. Dana, which I shall shortly intro
duce, as to the mode in which lime acts upon soils, we may go a step farther; 
and say that it will not produce any striking effects unless there be acid in 
the soil to be neutralized, or organic matter in such a state as to be converted 
into a geate, or into soluble geine. Beyond this we can scarcely go: and 
hence experiment is the only sure mode of determining the effect of lime 
upon our soils. 

Some maintain, indeed, that the quantity of lime in a soil remains always 
the same. But is it not certain that most vegetables contain lime. Now if 
these are suffered to decay upon the land, or an equivalent supply is furnish
ed by manure, the position is correct. But when crops are removed, as is 
usually the case, in far greater quantity than the manure returned, whence is 
the deficiency of lime thus carried off to be supplied~ It cannot come from 
the atmosphere, nor from rain water; though the water of springs usually 
contains a small quantity of sulphate of lime. Or if no lime is abstracted from 
the soil, how can it need a fresh application of this substance after an inter
val of a few years ; as we know to be the case where lime is found to be 
beneficial once~ 

But after all, the grand enquiry is, what upon the whole has been the 
effect of the application of lime upon soils not already saturated with it~ In 
Great Britain, where the experiment has been made under the most en
lightened superintendence and on a most extended scale, the result is very 
decided. "Lime," says one of the writers of that country, "has long been 
applied by British husbandmen, as a stimulus to the soil; and in consequence 
of such an application, luxuriant crops have been produced, even upon soils 
of apparently inferior quality, and which would have yielded crops of trifling 
value had this auxiliary been withheld. In fact the majority of soils cannot 
be cultivated with advantage till they are dressed with lime; and whether 
considered as an alterative, or as a stimulant, or as a manure, it will be found 
to be the basis of good husbandry, and of more use than all other manures 
put together. Wherever lime has been properly applied, it has constantly 
been found to prove as much superior to dung, as dung is to the rakings of 
the roads or the produce of a peat mire."-Mo1·ton on the JV'ature and Prop
erties of Soils, ~c." London, 1838. p. 182. 

Now suppose that the comparatively few imperfect experiments on 
8 
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the use of lime which have been made in this country had near1y all failed 
to prove lime beneficial, should we be justified in infering that British agri
culturists have so long been mistaken? Ought we not rather to infer, that we 
had not yet discovered the proper mode of applying lime, which in our 
climate may need to be applied in a manner somewhat modified, though 
this is not very probable. But what in fact is the experience of Ameri
can farmers on this subject 1 The same, I answer, as in England, in France, 
and other European countries; viz, that in agreat majority of instances lime is 
an excellent manure, though sometimes it seems to produce no effect, from 
causes not always discoverable. Lime, however, has not been as yet very ex
tensively employed in our agriculture ; partly from the dearth of the mate
rial in the older settlements, and partly from there being less need of it in a 
new country, where the land has been growing richer and richer for ages. 
In many parts of New York, Pennsylvania, Virginia, &c. however, lime is 
extensively employed. But in Massachusetts its use as a manure has been 
very limited. Even in Berkshire County, where the carbonate is so abun
dant, but few experiments have been made on this subject. In some other 
parts of the State insulated but successful experiments have been made with 
lime, which I shall mention more particularly when I come to describe 
our marls and limestones. The sulphate of lime has been used more ex
tensively, I apprehend, in Massachusetts, and with more marked success, 
than lime in any other form : and the phosphate, or bones ground into pow
der, is beginning to be used in the vicinity of Boston very successfully. In 
short, it must be strong prejudice, or a defective philosophy, which leads any 
one to decry the use of lime upon soil, because his own experiments, or those 
of his neighbors, have failed. I acknowledge that the few trials which I 
have made with caustic lime have had little apparent success. But how 
unphilosophical hence to infer that the tong and enlightened experience of 
Europeans, and much in our own country, is to go for nothing! 

It is a very prevalent opinion in New England, that lime is especially 
necessary for the successful cultivation of wheat: that is, more necessary than 
for most other crops. Now analysis leads to an opposite conclusion: for 
while only 37 per cent. of lime exists in the ashes of wheat, 66 per cent. is 
found in potatoes. Nor have I seen any evidence that wheat will not grow 
as well as potatoes without the application of lime: and since our citizens have 
turned their attention for several years past to the cultivation of wheat, many 
facts in support of this opinion have come out. According to the views that 
have been advanced, the grand point is to bring the geine of the soil into a prop
er state for immediate nourishment; and ashes would probably accomplish 
this more effectually than lime. The best crop of wheat raised in Amherst, in 
the year 1838, was grown upon the soil not limed, derived from coarse granite, 
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\vhose feldspar probably yielded potassa, a substance eminently adapted to 
render the geine soluble. 

Nature of Geine. 

r.~rom the statements thal have been made, it appears that Sprengel, Boullay, and Berzelius, 
regard Geine, or Humus, as a distinct and peculiar compound, made up chiefly of oxygen, hydro~ 
gen, carbon and nitrogen. This view of the subject, however, has been strenuously opposed by 
M. F. V. Raspail, a French chemist of distinction, in his New System of Organic Chemistry, 
translated and published in London in 1834. He denies the existence in vegetables and soils of 
any such proximate principle as geine, and says, " it will be easy to see that all these phenome
na, (described by Berzelius and others,) apparently so varied, which have given room for the 
c.liscovery (Jf so many substances analogous in their nature to Ulmin, are essentially nothing but 
a developement of carbon ! He must of course maintain that this carbon is never dissolved, but 
only suspended in a fluid ! Plants he conceives are nourished almost entirely by carbonic acid; 
and he says that" possibly by supplying artificially to the plant the carbonic acid which is ne
cessary to its growth, the use of any kind of manure may be dispensed with." These reasonings 
of H.aspail did not lead Berzelius to change his views respecting geine; but rather to maintain 
more decidedly his previous opinions in a subsequent publication. 

More recently some chemists have advanced the opinion that soluble geine is composed of at 
least three vegetable acids ;-the crenic, the apocrenic, and ulmic ; with a black matter called 
t.ftrthy e:rlrucl; and that insolu'ble gE"ine is ulmic acid mingled with undecomposed vegetable re
mains. (American Journal of Science, Vol 36. p. 369.J Dr. Charles T. Jackson has made nu
merous experiments on this subject of lale, and, as stated in a letter, he thinks he has "satisfact
orily proved that there is no such thing as geine; but the substances which have been mistake.\ 
originally by Berzelius, and subsequently by Dr. Dana, for a simple substance, really consist of 
a compound of the two new acids (crenic and apocrenic) discovered by Berzelius shortly after 
the publication of his first account of Geine and Apothem." These exist" with occasionally a 
emall proportion of phosphoric acid and perhaps also of oxalic acid : these acids often being in 
combinatiou with calcareous, magnesian, manganesian and ferruginous bases." 

l ha,·e not thought it necessary for me to go in this place into a discussion of these various 
opinions respecting the nature of geine. As to that of Raspail, who supposes it to be mere car
bon diffused not dissolved in water, &.c. l can hardly believe it will be adopted by any one who 
has gone through many processes with this substance; and has seen especially how decidedly it 
is often precipitated by reagents. If its mixture with liquids be not a real solution, I can hardly 
expect to distinguish a solution in any case. As to those views which suppose geine to be a 
mere mechanical mixture of crenic and apocrenic acids, (to lay aside all doubts about their dis
tinct existence,) I would merely enquire, whether the occurrence of these acids in the organic 
matter of soils, proves that geine has no distinct existence?• Why may it not be a compound of 
these, and perhaps other acids, and other ingredients ? Does not the fact that these two acids 
are uniformly present in soluble geine, render it probable that they do enter into chemical com
bination to form such a compound substance? H I uuderstand Dr. Dana's views of the nature 

"An excellent pap<'r on the Physical Proper1ies ofSoih1 has lately appeared in the 6rsl Volume of the 
Journal of the Knglish Agricultural Society , by Professor Schuhler of TU bingen. He gives the composition 
of 2d vanetics of soil, analyzed by himself, Prof. Gieger, o.nd Dr. Sprengel 1 under the terms , Sand: Clay, 

or Deposite: Jf11m11s; and Volatile Mutter. But for snme reason or other, he makes no allusion to crenicor 
aprocrenic acid, nor to any of the new views re~pecting geine. Except what this fact would indicate, 1 
confess myself unable Lo say how far these views have been adopted by acientific men in Europe. 
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of geine, they are not inconsistent with such a supposition; though he has said but Jillie in his 
communications to me on this point. But in a letter to Mr. Colman, given in his Second Agri· 

cultural Report, p. 165, he has given an aOalysis of 3.6914 grains of soluble geine, as follows: 

Geine, 
Alumina and Oxide of Iron, 

Phosphoric Acid, 
Magnesia, 
Loss, 

J.9258 
.7715 
.2315 
.3396 
.4230 

3.6914 

Dr. Dana adds: "I presume that the soluble geine of all soils is similarly constituted. All 

which I have examined affords these elements.'' Now if phosphoric acid, alumina, &c. may 

form elements of geine, why may not what is called geine in the above analysis, consist of crenic 

and apocrenic acids, in perfect consistency with Dr. Dana's views? 

But suppose it be admitted that these various acids and oxides do not form chemical but only 

mechanical mixtures in the soil. Yet most scientific men will allow that they constitute that 

portion of the food of plants which is derived from the soil; and if Dr. Dana's rules of analysis 

will show us how much of them the soil contains, and what part is in a soluble state, or in a 

state in which it can be immediately taken up by the organs of plants ; and what part is in an in

soluble state, unfitted for immediate use; l really cannot see why those rules arc not just as 

valuable, whether geine be a distinct compounJ, or whether it be composed of crenic, apocrenic, 

phosphoric, and oxalic acids, casually mixed together. lf Dr. Dana's rules do not point out the 

best mode of accomplishing these objects, and any chemist will suggest a better one,] am sure no one 

will more cheerfully substitute the improved methods for those proposed in this report, than the 

author of them. But even though such improvements should be proposed, the credit will still 

belong to Dr. Dana, of having first suggested this mode of analysis; and of having at the very 

outset proposed rules remarkable for their simplicity and ease of application. They are such 

rules as could have been furnished only by one who was thoroughly conversant with the theory 

antl manipulations of chemistry, whose life in fact had been devoted to the subject. They are 

indeed, suggested by Dr. Dana only as rules for the intelligent farmer: although some have un

derstood them as intended for the accomplishrd analyst. And indeed, I believe them capable of 

so accurate an application that even such a man may find them of great benefit. 

There is another point on which I conceive Dr. Dana to have been misunderstood. ]t has 

been thought that he would make geine the sole food of plants, and deny the current opinion that 

they have the power of absorbing carbonic acid from the atmosphere and perhaps from the soil. 

But I do not thus understand him. I suppose he means only, that geine is one of the sources

though a most important one-from which vegetables derive their nourishment; but not the only 

one. Nor would he deny probably-though here I speak without any certain knowledge-that 

plants may have the power, to a certain extent, of adapting themselves to their condition, so 

that when they cannot obtain nourishment in one mode, they may get the more in some other 

mode. Without such a principle ] cannot see how all the phenomena of vegetable development 
can be explained. 

Dr. C. T. Jackson's .Mode of .Bnalysis. 

lt may be desirable to present a mode of analyzing soils, such as one would adopt who believes 

there is no such compound as geine; and that crenic and apocrenic acids exist in the soil in an in

sulated slate. Dr. Jackson has adopted such a mode in analyzing lhe soils of Rhode Island; 
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which will appear in his report upon the geology of thatstate: and he has obligingly fnrnisbed me 
with a brief sketch of his method, which I now present in his own words. 

"1. Dry the sa..il at a temperature a littleabove212°; say'240°at the highest. Dry your fil
ters at the same temperature. 

"2. Take 100 grains, or if you please, 1000 grains of the soil, in its dry state, for the separ
ation of the organic matters. Put this into a French green glass flask of 6 oz. size, and fill the 
flask up to the base of the neck, with a saturated solution of the carbonate of ammonia in dis
tilled water. Digest the soil at 240° ,_ or thereabouts, for 36 hours : or you may safely boil the 
whole. Decant upon a double filter : pour on another charge of carbonate of ammonia, and re
peat the operation until the ammoniacal solution comes off colorless. Then wash out the whole 
contents of the flask upon the filter. Wash with hot water, until n:> trace of the ammonia is 
left: then dry the filter anl its contents at 240ci and weigh : the loss is the soluble vegetable 
matter. Burn the residue in a plantium crucible in the muffle: the loss is the insoluble vegeta
ble matter. 

"3. Take now your solution: acidulate it with pure acetic acid, and drop in a solution of the 
acetate of copper, or even a solution or pure crystalized verdegris. A brown precipitate win 
rapidly form, which is the apocrenate or copper. Let the solution stand over night in the dry
ing closet, or some warm place : all the apocrenate will subside. This you may collect on a care
fully counterpoised filter, and weigh when dried; or you may wash it in the jar repeatedly, and 
mixing it with a little distilled water, you may decompose it by a current of sulphureted hydro
gen; which will throw down all the copper, and then you may separate the solution of apocrenic 
acid, evaporate to dryness slowly, (or over sulphuric acid under the air pump,) and weigh it by 
substitution. Next render your solution highly e.lcaline, by means of carbonate of ammonia: 
boil it to drive off the carbonic acid. Drop into it, when cold, acetate of copper in solution. A 
whitish green precipitate of crenate of copper falls, and will collect abundantly by letting the 
solution stand in a warm place over night. Collect your crenate and weigh it by the double coun
terpoised filters j or wash it and decompose it as you did the apocrenate, and you will have a 
straw colored solution of crenic acid. Evaporate to dryness over concentrated sulphuric acid, 
and weigh by substitution. The crenic acid looks like a varnish on the inside of the capsule. 
Dissolve and test it. You will frequently find in it crystals of phosphate of ammonia, also, from 
the phosphoric acid in the soil: and I have always found this acid in my analysis of peat. When 
you have obtained a pure crenate or, apocrenate of copper, you may analyze it by the process of 
deutoxide of copper; or more simply, you may deflagrate it with nitre and separate the copper 
n the state of deuloxide and deduct it from the weight of the crenate employed, and you will 
have the quantity of the crenic acid. Acetate of lead throws down all the crenic and apocrenic 
acid from a slightly acidulated solution, made by carbonate of ammonia. Muriatic acid throws 
down apocrenic acid in brown flocks from the ammoniacal solution. Lime water does not throw 
down all the crenic acid: for the crenate of lime is highly soluble." 

Silicates. 

When the geine and the salts that have been described, chiefly those of 
lime, have been extracted from a soil, the residue is mostly a compound of 
silica with alumina, iron, lime, magnesia, &c. usually called Silicates, be
cause the silica is regarde<l as acting the part of an acid ; although its com
pounds are not commonly denominated salts. These silicates occupy the 
eighth column of the preceding table of analyses ; and their amount was 
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obtained by subtracting the geine and salts from 100. Concerning the na• 
tu re of these silicates, I have nothing farther to add, to the extended remarks 
already made oii this subject. 

Power of Soils to absorb 1'Vater. 

It is generally known, that soils possess the power of absorbing moisture 
in different degrees. This power depends more upon the geine, than 
any other principle. Alumina stands next on the list in its degree of absorb
ing power; next, carbonate of lime ; and least of all, silica. Hence there 
ought to be a general correspondence between the absorbing power of a soil 
and its fertility ; and, therefore, this property affords some assistance in 
estimating the value of a soil. On this account I was desirous to get the 
power of absorption possessed by the soils of Massachusetts. I 00 grains 
were heated to 300° F. and then exposed on a small earthern plate for 24 
hours, in a cellar, whose temperature remained nearly the same from day to 
day. The thermometer stood in it at 37° F. ; and the dew point, by Daniell's 
Hygrometer, was at 33° F. At the end of 24 hours, the soils in the plates were 
again weighed, and the number of grains which they had gained was put 
into the ninth column. For the sake of showing at a glance the absorbing 
power, it is expressed in the tenth column by proportional numbers; 5 grains 
absorbed, being equal to 100. 

I find the winter to be a most unfavorable time for experiments of this 
sort; and I place but little reliance upon the results which I have obtained. 
As the experiments were performed, however, with a good deal of care, I 
thought it best to give them, after stating all the circumstances under which 
they were made. 

Power of Soils to retain Water. 

It is well known that some soils will bear a drought better than others. 
This may be owing to three causes : I. one soil may have more power to re
tain water than another: 2. one may absorb more water than another during 
the night : 3. one may have a eubsoil less pervious to water than another. 
When these three causes combine, they may operate powetfally upon the 
ability of a soil to resist long continued drought. But when one operates differ
ently from the others, they may in a measure neutralize one another. Hence 
it may be doubted whether direct experiments in the small way upon the 
power of soils to retain water, will give their real power. Yet since we 
have reason to believe the retaining power to be in direct proportion to the 
absorbing power, the forces above mentioned will rarely if ever act in opposi
tion ; and hence, I thought it might be desirable to perform some experiments 
on the subject. Those which I gave in my Report of 1838, were made in the 



Power of Soils lo retai11 Water. 59 

winter, and on different days, when the temperature and the dew point were 
different ; so that they could not be directly compared. Hence I was led to 
repeat them with some variation, during the summer of 1839. I confess that 
I do not see what important results can be derived from them. But as they 
are the first trials of the kind with which I have met, they may be useful to 
compare with others that may be hereafter made: and therefore I shall de
tail them. 

200 Grains of each soil were spread upon earthern plates of about S inches 
diameter ; and the weight of the whole obtained. By means of a graduated 
dropping tube, 100 grains of water were added to each plate: when, at 9 
o'clock A. M. June 25th. they were all at the same time exposed, in a situation 
sheltered from the wind, to the direct rays of an almost cloudless sun, for 
S 1-2 hours; when all were removed to a dry room and weighed. The loss 
of weight is given in the second column in the annexed Table: the first col
umn indicating the number of the soil which corresponds to those in the 
state Collection. During the following night the plates were exposed with
out removing the soils, to a cloudless atmosphere, and weighed in the morn
ing. The gain is given in the third column. Next morning, June 26th, 100 
grains of water were added to each plate, and the whole exposed as before, 
to the sun, from Sh. SOm. till 11 hours, when they were weighed as before, 
and the loss constitutes the fourth column. Remaining in a dry room till 
July 1st. they were again exposed without adding water, to the sun, from 11 
to S o'clock and then weighed, and the loss constitutes the fifth column : al
though in this case, it will be seen, that there were numerous fuilures. 

It will be seen from the above statement, that the third column shows the 
absorbing instead of the retaining power of the soils. 

The following was the state of the thermometer and of Daniell's Hygrom
eter on the days when the experiments were made. 

June 25th. 1839. 
Thermo:neter at 9 hours A. M. 7~q 

Dew Point at that hour 58 
Thermometer at 12h. 30m. 79 

Dew Point ()2 
Thermometer at 8 hours P. M. 72 

Dew Point 53 
June 26th. 

Thermometer at Sh. 30m. 70° 
Dew Point 60 
Thermometer at llh. A. M. 75 
Dew Point 58 

July !st. 
Thermometer at Uh. A. M. 77° 

Dew Point 64 
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Experiments 011 tlte Retaining Power of &ifs. 

Loss of 200 gn. Gain at Loss in Additiona1 
No. in 31-2 hours night 21-2 hours Joss in 4 hours 

June.25 June 26. Julyl. 

100 100 6 
96 98 8 
93 99 

100 105 
102 103 
100 103 
99 101 

103 105 
99 101 

10 102 105 
11 100 105 
UI 101 97 10 
13 100 101 8 
14 102 IO!l 
15 101 103 
16 101 104 
17 IOI 104 
18 100 108 
19 95 107 
20 99 102 
21 101 109 
22 100 104 
23 88 109 
24 101 104 
25 101 108 
26 103 
27 102 101 
28 101 104 
29 100 97 12 
30 102 10 105 
31 101 10 108 
32 98 11 108 
33 102 12 103 
34 100 11 103 
35 82 14 102 14 
36 101 9 104 6 
37 97 12 108 
38 101 12 107 
39 101 11 106 
40 101 13 102 13 
41 92 13 105 
42 101 104 
43 106 112 
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Loss of 200grs. Gain at Lo!:!sin Additional 
No. io31-2hours. night. 2 I-2hours. loss in 4 hour11. 
44 105 17 (?)'' 112 
45 106 14 111 
46 103 13 100 
47 100 9 106 
48 102 9 100 
49 103 11 Ill 
50 102 8 105 
51 102 11 105 
52 102 13 104 
53 102 12 I03 10 
54 103 13 I03 11 
55 103 10 101 12 
56 101 100 
57 102 106 
58 I04 15 105 
59 JOO 12 103 
60 102 I08 
61 102 104 
62 IOI 100 
63 103 14 108 
64 104 108 
65 105 17 (?) 105 
66 114 13 107 
67 104 12 108 
68 96 110 
69 107 i5 109 
70 106 12 106 
71 104 11 I06 
72 104 9 I07 
73 109 13 104 
74 104 91 14 
75 99 93 12 
76 IOI 97 10 
77 101 10 101 
78 102 9 105 
79 100 102 
80 102 12 111 
81 101 13 111 10 
82 101 5 95 
83 104 107 
84 106 10 104· 
85 106 8 104 
86 103 102 
87 109 13 104 
88 11 105 
89 14 106 
90 12 108 
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Loss of 200grs. Gain at Loss in Additional 
No. in 31-2 hours. night. 21-2hours. Lossin4 hours. 

91 108 18 109 
92 100 8 105 
93 102 12 108 
94 100 103 
95 104 103 
96 103 102 
97 102 11 110 
98 103 12 109 
99 102 12 109 

100 101 11 106 
101 103 10 110 
102 101 108 
103 101 9 110 
104 102 10 105 
105 102 109 
106 101 109 
107 102 110 
108 101 10 108 
lQ9 103 10 105 
110 104 10 105 
111 101 98 
112 102 101 
113 100 100 
114 101 105 
115 102 99 
116 101 100 14 
117 102 
118 100 99 
119 102 100 
120 102 101 
121 103 100 
122 103 102 
I23 104 
124 106 13 !04 
I25 IOI 100 
126 92 
127 I02 I05 
128 I07 
129 103 I06 
130 103 104 
139 107 
143 I02 
146 94 I07 5 
148 86 89 26 

All the numbers in the above table over 125, belong to specimens of clay, 
muck sand, or marl; all of which will be described in other parts of my Re-
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port. The results exhibit nothing of importance on which to remark, ex
cept perhaps that the specimen of marl (No. 148) appears to possess the 
strongest retaining power of all the substances tried: and this fact may sug
gest to us one of the causes that render marls valuable upon land. It will 
be seen, in the second column, that though only 100 grains of water were 
added, more than that quantity was usually given off in the course of S 1-2 
hours. This fact led me to expose the soils only 2 1-2 hours the next day; 
yet even then, more than, 100 grains were usually given off, because of the 
quantity of moisture absorbed during the night. At the third trial, whose 
results are given in the last column, I determined not to add any water, and 
to expose the plates a longer time, and since the last portions of water are al
ways driven off with the most difficulty, I suspect that this last column ex
hibits better than the others, the relative power of the different soils to re
tain water in time of drought. I regret, therefore, that an accident has pre
vented this column from being complete. 

J!ower of Soils to absorb Oxygen from the .11.tmo~pher·e. 

In the excellent paper by Prof. Schubler on the Physical Properties of Soils, referred to on 

page 55J I find numerous experiments and remarks, not only upon the power of soils to absorb 
and retain water, but also oxygen gas and heat; as well as their electrical and other relations 

of importance. But I have room to notice only a few of the new and interesting views which 

he has presented. See Journal of the English Agricultural Society, Vol 1P·177. Lond.1839. 
Humboldt first pointed out the power of soils to absorb oxygen from the atmosphere: but his 

views were contradicted: yet they seem now fully established by Schubler. The following 

Table shows the amount of oxygen absorbed in 30 days, from fifteen cubic inches of air, by 1000 

grains of the different soils named. In a dry state they absorbed none. 

Siliceous Sand, J.6 0.24 0.10 

Calcareous Sand, 5.6 0.84 0.35 

Gypsum Powder, 2.7 0.40 0.17 

Sandy Clay, 9 .3 1.39 0.59 

Loamy Clay, 11.0 J.65 0.70 

Stiff Clay or Brick Earth, 13.6 2.04 0.86 

Grey pure Clay, 15.3 2.29 0.97 

Fine Lime, J0.8 J.92 0.69 

Magnesia, 17.0 2.66 J.08 

Humus, (Geine,) 20.3 3.0·i J.29 

Garden Mould, JS.O 2.60 1.10 

Arable Soil, 16.2 2.43 1.03 

Slaty Marl. 11.0 1.65 0.70 

It appears from this Table, that Humus or Geine, absorbs more oxygen than any other soil: 

And Prof. Schubler says, that it enters into chemical combination with the geine, giving it a 

higher degree of oxygenation ; and that some carbonic acid also is produced. Whereas no 

chemical union is formed between the other soils and the oxygen absorbed. Here then, we see 

another mode in which that wonderful substance, geine, acts as a fertilizer: viz. by furnishing 

carbonic acid and oxygen. 
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Galvanic and Electrical Relations ef the Soils. 

According to the same writer, the pure earths, such as sand, lime, magnesia and gypst~m, 
when dry are non-conductors of electricity : but the clays and compound clayey ear~hs are '.m
perfect conductors. All the earths, when oblong dry pieces of them arc scraped with a knife, 

develope negative electricity. . 
When solutions of Humus-that is, the salts of geine-are exposed to a current of galvanic 

electricity, decomposition immediately results. The geine collects around the positive pole, 
while the earths, or alkalies, collect around the negative pole. Do not these facts tend to con
firm the views of Dr. Dana respecting the mode in which geine is taken up by the roots of plants; 
viz. by their forming galvanic combinations with tbe salts and earths in the soil, whereby the 
geine and the oxides are decomposed? Do they not, also, strengthen his opinion that gE>ine i» a 
distinct substance, which acts the part of an acid? If it be not a definite chemical compound, 
how could it be separated and go to the pasitive pole, by galvanism ? 

This paper of Prof. Schubler is certainly an important contribution to Agricultural Chcmi~try; 
and I regret that it did not fall under my notice, or rather, that it had not been published," hen 
I was prosecuting experiments upon the soils of Massachusetts. 

Specific Gravities. 

The last column in the general Table, contains the specific gravities of a 
large part of the soils ; that is, their weight as compared with distilled water .. 
] n general it will be seen that the most sandy soils are the heaviest; those con
taining the most geine, the lightest. In the absence of a better method, this 
character might be employed to determine the amount of organic matter in a 
soil. But to obtain the specific gravities of soils, cannot be regarded as a mat
ter of much importance; though the results may be of value in the re
searches of the chemist. 

Theoretical Characteristics of the different geological varieties ef Soils. 

Knowing what simple minerals constitute the different rocks, and what is 
the composition of those minerals, we can predict what ingredients will ex
ist, and what ones will predominate, in the soils derived from those rocks. 
'-Yhere a soil is derived from quartz rock, or siliceous sandstone, we ~hould 
expect that silica would greatly predominate, but where argiilaceous slate 
forms the foundation of the soil, alumina will abound. , 'Ve should expect a 
large proportion of lime in soils underlaid by limestone: though from causes 
already explained, analysis does not always verify this anticipation. In soils 
derived from granite, gneiss, mica slate and those sandstones aboundin"' in 
fragments of feldspar and mica, we might expect to find potassa, or its s~lts, 
because this substance abouuds in those minerals. In porph)Ty soils, for the 
same reason, soda might be expected : also magnesia in talcose slate soils : 
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l. id the single ana1ysis of such a soil by fusion, gfren on a previous page, cor
responds to this prediction. Since iron abounds in all the rocks, we should 
not expect beforehand to find it peculiarly abundant in any variety of soil. 

As to the existence or predominance of silica, alumina, iron, lime and 
magnesia, in a soil, analysis, as already pointed out, will enable us to deter
mine this point; and, indeed, in t·espect to most of these ingredients, mere 
inspection is sufficient for all practical purposes : and from the tables 
of analyses that have been given, these characteristics, as they exist in 
the soils of Massachusetts, can easily be determined. But in respect to the 
alkalies, potassa and soda, which unquestionably exert an important influence 
upon vegetation where they exist, the case is quite different. As these ex
ist in the feldspar and mica of soils, they are perfectly insoluble in water, but 
when set free by decomposition, even though converted into salts, they become 
easily soluble in water: and the consequence is, that rains soon carry them 
away. We should hence expect the chemist would rarely find them, even 
in traces. But as some chemists are of opinion that the salts of the alkalies 
do exist, widely <lisseminated in soils, I felt desirous of settling the point in 
relation to the soils of Massachusetts. I selected specimens of nearly e\•ery 
variety of soil in the Government collection, and having boiled 200 or SOO 
grains for several hours in snow water, until the quantity was rather small, I 
filtered; and to the solution added a small quantity of a solution of nut-galls. 
l1ad there been the minutest quantity of alkali present, the solution would 
have assumed a greenish tinge: but in no instance was this the case. Hence 
I infer the absence of alkali, and of alkaline salts. The soils thus tested were 
Nos. 9, 14, 29, 48, 62, 71, 82, 110, 121, an<l 124. 

From such facts, however, I do not infer the absence of potassa an<l soda 
rn every form from our soils; but only in a soluble state. On the other 
hand, it is almost certain, that in many of our soils they must exist in con
siderable quantity, and I doubt not but they exert an important influence 
upon cultivation. l impute the productiveness of many of our gneiss, granite, 
and sienite soils, to these substances. But I am inclined to adopt the opinion 
of Dr. Dana; who supposes that the rootlets of plants, by means of galvanic 
agency, have the power to. extract alkali from the particles of feldspar and 
mica in the soil. 

If these views are correct, it follows that it can be of little importance for 
the chemist to <letermine the precise amount of potassa or soda that may ex
ist in the undecomposed feldspar or mica of a soil. For if the soil have 
resulted from the disintegration of rock that contains feldspar, he may be 
sure that alkali is present: But whether it will be of any use :-that is, 
whether it can be extracted from the soil by the plants, will depend upon 
the degree of comminution in the soil, and probably upon other circum-
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stances not yet fully understood. That such salts as the sulphate of potassa 
may be found in some peculiar soils, is very probable; and their detection 
by analysis 'yould be important; but with my present views, I anticipate 
that the search for them in the soils of New England generally will be in 
vain. 

Such considerations cannot but lead the chemist to enquire, whether other 
principles, as important as the alkalies, may not exist in soils in such a state 
that they escape the notice of the analyst; or which he cannot detect in such 
a state as to afford much aid to practical agriculture. If so, perhaps it may 
partly explain why careful analysis has accomplished less for agriculture than 
had been anticipated ; and that such is the fact, I am compelled to admit. I 
do not mean that analysis has been of no service to the farmer. In some in
stances it has pointed out to him particular substances in his land, that were 
beneficial or injurious; of which he would otherwise have been ignorant; 
and in all cases analyses form important materials for improving the theory 
of agricultural chemistry: which is certainly yet far from perfect. But pro
bably some have been led to suppose, that the chemist, by analyzing their 
soil, would be able at once to infor¥1 them what ingredient might be added 
to insure fertility. This would imply a degree of perfection in agricultural 
chemistry to which I think the science cannot yet lay claim. To be sure, 
the analyst can often suggest the application of ingredients which will pro
bably be beneficial. But the causes on which the growth of plants depends 
are too complicated, and as yet too imperfectly understood, to permit his 
recommendations to be infallible. And this leads me to express the opinion, 
that were a chemist to be employed in making experiments upon the manner 
in which geine and the salts in soils are taken up by vegetation; as well as 
upon the best mode of converting soluble into insoluble geine; and to analyze 
plants in their different stages of growth; very important results might rea
sonably be expected. The experiments which the farmer makes, that bear 
upon these points, (and a multitude of such experiments are made every 
year,) are performed as it were at random, without those fixed principles to 
guide him, which an accurate knowledge of chemistry would furnish; and 
hence it is only as it were by chance that any useful results follow. 

General Conclusions. 

Having as I hope, by the preceding remarks, prevented the indulgence of 
unreasonable expectations from the examinations which I have made of the 
soils of Massachusetts, I proceed to state the most important conclusions to 
which those investigations have conducted me. 
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First: there is in general too small a supply of calcareous matter in our 
soils : that is, of lime. 

The second great desideratum is an additional supply of geine, or the food 
of plants. 

Hence, thirdly, the great object of the agricultural chemist should be, to 
discover new supplies of both these substances ; and to suggest means for 
their proper and successful application by the farmer. 

These conclusions early forced themselves upon my attention; and all my 
subsequent researches have served to confirm them. Hence, therefore, I made 
it my constant endeavor, to discover and examine the character and extent 
of every deposite that would yield either geine or calcareous matter. I shall 
now proceed to give the results of my efforts. I shall begin with lime. 
For although it cannot perhaps be regarded so important as geine, yet in 
common manures, the farmer possesses a store of the latter, which he knows 
how to apply. But with the exception of Berkshire County, Massachusetts 
is very deficient in calcareous matter : and the few spots where it may be 
found have as yet scarcely begun to excite any attention, 

I. CALCAREOUS MATTER IN MASSACHUSETTS. 

1. Marls. 

No form of calcareous matter is so valuable in agriculture as rich marl. 
This term, however, has been till recently very loosely applied; often mean
ing nothing more than loose clay, entirely destitute of lime. But all accurate 
writers now understand it to mean a friable mixture of lime and clay; al
though the term is extended to beds of calcareous shells that are somewhat 
hard. Till within a few years, this substance has been neglected in our 
country ; but its remarkable eJfects in some of our middle and southern 
states, have awakened the public attention ; and it is now sought after with 
no small avidity. From the nature of our rocks, I had no hope of finding 
rich marls in any other part of the State, except the County of Berkshire. 
From that part of the State, many years ago, I had seen a specimen that ap
peared very rich. I prepared therefore to go in search of the bed from which 
it was taken ; and by the directions of Professor Dewey, I found it in Pitts
field, near the east part of the village, on the borders and in the bottom of a 
pond covering several acres. It seemed to me very probable that similar 
beds must occur in other parts of that County where limestone prevails. My 
search was soon rewarded by the cliscovery of an extensive bed in the north
west part of Stockbridge on land of Mr. Buck; whose thickness was about 
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two and a half feet, and probable <':1.tent, very great. Also a second bed in 
the same town, only four miles from the court-house in Lenox. Also a t~inl 
bed in the. northeast part of Lee, at the l\Iills of Sedgwick a.nd Co., th~ tluck
uess of which, in some places, is about ten feet; though its extent is but a 
few acres. Also, several beds in "\Vest Stockbridge in various parts of the 
town. The limited time which I gave to these researches did not allow me 
to make but slight examinations in other towns. Ilut I have little doubt that 
similar beds of marl will be founcl in various other places in the County; es
pecially in Sheffield, Great Barrington, Egremont, Alfor<l, Richmond, Lanes
horough, New Ashford, and perhaps in "\Villiamstowu, Adams, Cheshire, 
Dalton, and New l\Iarlhorough. I am confirmed in this opinion from the 
fact that since I visited the County several other beds have been discovered. 

A second bed has been found in Pittsfield, about a mile south-east of the 
village. Also a bed in Stockbri<lge, a little northeast of the village on the 
road to Lenox. For specimens from both which places, I am indebted to 
Professor Dewey. A third bed has been found covering several acres in the 
north-west part of Lee, near a pond, on laud of Messrs. Lemuel and Cornelius 
Bassett. The thickness of the marl, which commences about a foot below 
the ~urface, is in some places from four to sc,·eu feet, and in others, from ten 
to twelve feet; and from 200 to 300 loads have been taken from it by the 
Messrs. Bassett. Specimens from all the be<ls that have been described 
will be found in the collection accompanying this Report. (See Nos. 148, 
149, 150, 151, 152, 153, 172, 173, 174, 175.) I am informed also, that a 
small bed exists in Tyringham, and another in Sheffield, and two at least 
occur in Great Barrington. 

The purest of these marls when dry, are almost as white as chalk, and 
much lighter than common soil, as may be seen from the specific gravities 
of a part of them in the table of their analysis below. ·when wet they are 
of a light gray color, especially if they contain much organic and earthy mat
ter : indeed the degree of their whiteness is no bad index of the quantity of 
lime that they contain. ·when wet they are quite plastic and adhesive: 
when dry, they fall into a fine powder. Hence they are in a most favorable 
state for being spread upon land. They are found almost exclusively in 
swampy ground, generally in quite wet swamps, and are always covered by 
a stratum, often several feet thick, of black vegetable matter approaching to 
peat. Hence, as these swamps are rarely excavated, the marl is not apt to 
be discovered.; or. if founc~, it is supposed to be nothing more than white clay 
and sand, wluch, mdeed, 1t does very much resemble. In order to ascertain 
the presence of marl in a swamp, I prepared an iron rod, several feet long, 
near the end of which was a grove, in fact it formed a sort of au O'er. "\Yhen 
pressed into the ground and with<lrawn, it would always retain ; the groove 
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some of the matter from the bottom of the hole, and in this way, in a few 
minutes, not only the existence of marl might be ascertained, but the thick
ness of the bed. Yet after all, since the swamps where it occurs are usually 
\'Cl')' wet, and easily penetrated, a rough pole is better for discovering marl 
and its thickness, than the iron borer which ~ ha1•e described. For some of 
it will adhere to a pole plunged into it, e1•en though that pole must be drawn 
through several feet of vegetable mud above it. And if the pole be plunged 
to the bottom of the bed, the distance along the pole covered with marl, will 
show the thickness of the bed ; except that the lower extremity of the pole 
will show beneath the layer of marl the clay or sand as far as they were pene
trated: and this extent must be subtracted from the whole length covered 
with marl. I have been thus particular in describing the method of search
ing for marls, in the confidence that if gentlemen residing in the towns above 
mentioned will adopt it, many new beds will be brought to light. 

There is a substance in the central and eastern parts of the State, in ex
actly the same situation as the marl of Berkshire, which resembles it also 
,·ery precisely in external characters, and is also like marl very light; and 
yet it is not marl. It does not contain carbonate of lime, but is composed 
chiefly of silica. Specimens of it wi!l be found in the collection from several 
places. (See No. 157, which is from Spencer; No. 169, from Dane, and 
No. 170, from Andover.) It is easy, notwithstanding its general resemb 'ancc, 
to distinguish it from marl by a few drops of vinegar, oil of vitriol, aqua fortis, 
or any other acid. If a subst:..nce be marl, the acid will produce in it small 
bubbles occasioned by the escape of gas-if not marl, no effen•escence will 
be produced. And this is a universal test, which is almost infallible, for 
distinguishing marl in all circumstances. 

One other circumstance respecting the Berkshire marl, which will aid in 
distinguishing it. It abounds every where with small fresh water shells, 
such as now occur in the ponds of that region, and therefore it is unquestion
ably true fresh water marl, usually called shell marl. The epidermis of the 
shell is usually gone. Such shells are rarely found in much quantity where 
lime does not exist, although I have seen them in mud that did not effervesce. 
But their presence should lead us to search carefully for calcareous matter: 
for how can these animals form their shells without lime 7 

The Berkshire marls, above described, appe<tr to me to be some of the 
richest and best that ever occur. Marls are usually valued only for the cal
careous matter which they contain. But by adopting Dr. Dana's method of 
analysis, we find that they also contain no small quantity of soluble and in
soluble gcine, derived from the vegetable matter that covers them. This 
must make them still more \'aluable when applied to the soil. Tl ey contain 
likewise a small portion of phosphate of lime, increasing their value still 

10 
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more: while the silicates in them, the only part that is of no value, are 
in most cases extremely small. The following are the results of the analysis 
of the specimens in the Government collection. 

I have added the analysis of a specimen of similar marl from Farmington 
in Connecticut, for which I am indebted to Professor Silliman. For the 
geological character of Farmington and the surrounding region is very much 
like that of Springfield and West Springfield ; and therefore I cannot but 
hope that some of the swamps in the latter places may contain it. The bed 
in Farmington is said to be extensive. 

J\Iarl of this description is usually supposed to result wholly from the de
composition of minute fresh water shells: But since it is not unusual for 
water in limestone to contain a small quantity of carbonate of lime in solu
tion, by means of free carbonic acid, it seems to me that the deposition of this 
carbonate of ·lime in a pulverulent state, in consequence of the escape of the 
acid, is the probable origin of a large part of the marl. 

No I LOCALITY. 

14'3 Stockbridgt>,(J\1r. Buck's Farm,) 

~g:~ ~~ norlh~~st of ~he v~llagc~ 
4.3 4(i 0.7 i3.4 015 J:J5 33 
5.0 8.!) 06 46.0 trace. :w6 2!) 
06 38 0.8 3J.8 5U.8 1.7 

1.13:.! 12 1-2 foct thick. 

~~~ P~~t~~e~~.0~a:~ll:~~h(Mvri.l~at~~~g·s 3.1 3.5 

lot,) · 3.J 3.2 0.4 

0.7 tlU·l 0.46 3.1 3.0 

232 1.!J 

1

1.5 Sulphole of 
Lime: Specimen 
from another part 
ofthehed 

1.62 4 feet thick ;t least 

150 West Stockbridge, l\Jr. Reed's 
land,) - -

172 do (L. Basset's bed, near the 
surface,) 

do JO feet below the 
surfoce, - -

174 do(C.llassett'sbed,) 

175 do (St>dgwick's mills,) 

204 Farmington 1 Ct. 

17 5.0 
1.2 2.1 

64.8 trace. 

Ofi 74·8 0.53 
1.0 D3.2notrial 

1.8 22 !)3.0 

16 2.8 1.0 888 do 
26 3.4 J.2 062 do 

0.8 1.0 836 do 

3.0 0 4 64 4 do 

1.61 J.1 .7 2.8 
0.D J.6 l.~9 Exposed to the ae-

~~·;cr~f running 

2.2 0.4 !) to 12 feet thick. 

4.4 J.4 1.75 
5.0 1.6 N11s. 172, 173 and 

174 are from the 
s:ime hl'd. 

!J.2 1.0 Not Exposed lo the 

~!!~~~.of running 

17.6 2.0 2.0 Sulphate of 
lime No trial for 
thf'sulphate inthe 
other specimens. 

The amount of calcareous matter in these marls is unusually large, with 
the exception of one of the specimens from Pittsfield, and another from the 
east part of Stockbridge. And these specimens were not taken directly 
from the beds, but as they had been thrown out in making excavations ; and 
the marl was obviously mixed with loam and sand; so that the quantity of 
carbonate of lime by the analysis is doubtless too small. 



.l11UZ!ysis of Different .Marls. 71 

Again, most marls arc only in part pulverulent, or easlly crumbled down, 
and they require a long time after being mixed with the soil, before they 
will exert a favorable action upon it. But these are all in a state best adapt• 
eJ for immediate use; and when \re add to these considerations those al, 
ready made concerning the other ingredients of these marls, I cannot but 
feel that Berkshire possesses in them a very great treasure. I doubt not but an 
inexh:mstable supply may be found there, not only for the county but for ex
portation. And since the most numerous beds yet discovered occur very 
near the point (West Stockbridge) where two great rail roads are soon to in
tersect, I cannot doubt that this marl will be among the articles of export 
at least a considerable distance. The marls of New Jersey and Virginia, it 
is well known, are already beginning to be transported a great distance. 
And if any marls are rich enough to be thus conveyed by land or water, 
surely those of Berkshire must be of the number. It will doubtless require 
a long time to satisfy many of our farmers of the value of marl: and espe• 
cially as we may expect many failures from applying this marl in improper 
quantity, or in the neglect of collateral circumstances essential to success. 
But unless a vast amount of experience in the use of marl in Europe and 
in this country is to be set aside as a ground of judgment, these marls must 
s.>oucr or later work an imj1ortant improvement in a portion of the agricul
ture of this State. 

There is an important fact derived from the analysis of soils that have 
been given, relative to the character of those in Berkshire county. It had 
formerly been supposed, that the soils of that county contain so much lime 
that marls would be of no serl'ice there. But it appears that they contain 
s~arccly any more of this substance, either in the form of carbonate, sul
phate, or phosphate, than the other soils of the state. At least, the speci
mens analyzed do not; and these were taken at random from fields under
laid by limestone; so that probably they show about the average quantity of 
lime in the soils of the county; though I <loubt not that soils may be found 
there containing more of this substance. I think this may be a safe rule to 
follow by the farmers of that county. If a soil effervesces with vinegar, or 
other acids, they may infer that marl will be of little service. If it do not 
effervesce, they may safely apply marl. And judged of by this rule, I doubt 
not that four out of five of the Berkshire soils will be found to need it. It 
ought to be expected, however, that this rule will sometimes fail; because a 
soil may contain lime in some other form than the carbonates, so that for 
several years the marl may do no good. 
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h1 what Quantity and .ll-fode shall Jlfarl be applied 7 

I clo not conceive that it falls within the sphere or duties assigned me by the government, lo 

go into details respecting the mode and the quantity in which marl shal~ be applied, except ~o 
far as these questions can be answered by agricultural chemistry. It 1s well known that, Ill 

many instances, lands have been injured by over marling; and h~nce one is met everywhere 

with the questions above suggested. And certain it is, that no general rules have thus far been 

followed or proposed. Nor can we get any general rules on the subj~ct until the manner in 

whic.h lime acts upon soils and vegetation is understood. Herc, it must be confessed, great con

fu,.iou and a variety of opinions hrwe prevailed. The action vf lime is undoubtedly quite com

Jllex, and considerably different on different soils; which renders any grneral theory more diffi

cult. The doctrines respecting geine, which have been explained, appear to throw more light 

on this subject than has ever before shone upon it; though some points still remain obscure ; 

and as Dr. Dana has obligingly furnished me with his views on the subject, l shall preseut them 

without hazarding any opinion of my own; except lo say, that his theory is manifestly in ad

vance of any that has hitherto appeared. 

Theory of the action of lime on Soils, Jl-fanure, and Vegetatio11. 

" The action of lime is threefold; each distinct. 1. It is a Neutralizer: 2 a Deromposer: 
3. a Com:erler. 1. l have already alluded to some acid soils: free phosphoric acid, geic, acC'tic, 

and malic acids, also occasionally exist in a free state in soils. Here lime acts as a neutralizer. 

2. Soils m3.y contain abundant geates; particularly geatc of alumina, the least of all demand

ed b.v plants. Long formed and sun-baked, they are scarcely acted on by rain or dew, and are 

almost useless. H<'re lime, by decomposing these metallic and earthy geates, forms a comLina

tion, which, in its nascent state, is readily dissolved. Jf the cnrbonate of lime ::icts better than 

the hydrate, it is because, following a well known law, double decomposition is easier than 

single. lf any aciJ geine exists in the soil, or any free acids, carbonic acid is then liberated; it 

acts on the geate of lime, supcrgcatcs result, and these arc easily soluble." 

"3. The great use of lime is as a conrerter; turning solid and insoluble geine, nay, I go fur

ther, solid vegetable fibre, into soluble vegetable food. Here is the great puzzle, the point 

whrrc our philosophy seems to leave us : giving us our choicf', to refer this action to one of the 

numerous cases of mysterious 'catalytic ' change, with which we arc becoming every day more 

and more familiar, or to explain the process by referring the whole to sapo11ijicatio11. I use this 

word as conveying to you at once what I mean ;-but I do not mean to &ay that the product of 

lime a11d vegetable matter is soap; but I cannot make myself more intelligible to a farmer than 

by saying, this lime makes compounds of vegetable matter, just as it makes soapy compounds of 

oil and fat. The action of lime on geine I take to be of the same nature, as its action on oib and 

fat. It is well established that animal and vegetable oils and fats are cnnverteJ into acids by the 

action of alkalies, earths, oxides, and even by vegetable fibre itself. The general Jaw is, that 

whenever a substance, capable of uniting with the acid of fat or oil, is placed in contact with fat 

or oil, it determines the production of acid. Now we have seen that alkali produces a similar 

change on geine; it developes acid properties. I go further, if alkali has converted 

vegetable oil and g"ine into acids,_I see no reason why a similar action may not be pro

duced by all those substances which act thus on oil. Hence lime, earths, and metallic 

oxides, convert geine into acid: as fast as this takes place, so fast it becomes soluble. 

Then too the long action of air on insoluble geine, rendering it soluble, is it not analogous 
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to the action of air on oils . Both e,·o!ve in this case, vast volumes of carbonic acid, the oil 
bccomC's gelatinous and soluble in alkali ; does not a similar change occur in geine? It is possible 
that during the action of lime on geine, a so luble subJ-.tance may be produced, bearing the same 
relation to this proccs3 that ~lycerine does to saponification. These views you will see need 
lo be followed out experimentally. If found tenable, the most signal benefit will result. We 
place manures on a new foundation, on which great practical results may be erected.,, 

Practicat application of the Theory of the action of Lime. 

Taking the preceeding principles by Dr. Dana as our guide, we may lay 
down a few general rules for the application of marls. 

1. Enough ought to be applied to neutralize all the free acids in a soil ; 
which may be known by its ceasing to produce acid plants, such as sorrel 
and pine. Generally, however, the amount required for this purpose is 
small. 

2. Jt will be serviceable to add enough to convert the earthy geates of a 
soil into geate of lime. The richer a soil is, the greater we may conclude is 
the quantity of geates which it contains. 

3. It will be serviceable to add enough to convert all the insoluble geine 
anJ vegetable fibre in a soil into soluble geine. Hence the richer a soil is, 
and the more manure is added, the more marl will it bear with benefit. In
deed, there appears to be no danger of adding too much rnarl, provided a s1iffilient 
quantity of manure be also added. Ignorance of this principle, I apprehend, 
is the source of most of the failures that have occured in the use of lime 
upon soils. Farmers have supposed that its action was like that of common 
manure, viz., to serve as direct nourishment to the plant; whereas it only 
cooks the food, if I may be allowed the expression, which exists in the soil, 
or is added along with the lime. lu nearly all cases of over marling which 
I have read of, a fresh supply of manure has been found to be the remedy; 
which shows the truth of the above principle. Agriculturalists have spread 
marl alone, or with very little manure, upon land that has been worn out, 
that is, whose gcine has been exhausted ; and because such soils have not 
thereby been recruited, they have inferred that lime was injurious. With
out acids, or geine, or geates, or vegetable fibre, to act upon, much excess of 
lime appears to operate injuriously, so as to diminish, instead of increasing 
the crop. They have also expected a sudden and surprising increase of fer
tility: whereas in some cases the chief benefit seems to consist in causing 
the land to produce for a greater number of years, by preventing the ulti
mate decomposition and escape of the organic matter. In general, howev
er, it will add also to the yearly product: but those who employ marl or lime 
in any form, ought to moderate their expectations, that they may not be dis
appointed, and to be satisfied if they can slowly and surely improve their 
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lands as they most assuredly can do, by this substance, provided they do not 
expect to accomplish it by the use of lime alone. 

These general rules can affor<l only a general guidance as to the quantity of marl proper to be 
used, Both marls and soils vary so much in their composition, tb1t proha.bly direct experiments 
will always be necessary to ascertain ti~ quantity of any new variety of marl that will be most 
serviceable. And shou\tl any be disposed, as 1 doubt not they will be, to try the marls above 
described, J beg leave to recommend to them, as the best practical treatise that has been pub-
lished in this country, on this subject," An Essay on Calcareous by Edward Rufiin, 
]~sq. of Virginia, Shellbanks, 1835. This genlleman of experiments on 
the subject, an<l the perusal of his work is nlmo';l indispei1sable to any one who would successfu l
ly prosecute it. He "if the nature of the soil, its conJition and treatment, and the 
strength of the marl were known, it would be easy tu direct the amount of a suitable dress-
ing : but without knowing these circumstances, it would be safest to give 250 or 3:10 bushels to 
the acre of worn acid soils, and at least twice as rnuch to newly cle.ared, or well manured land." 
(Ess>y pp. 54.) 

As to the best mode of applying marl, theory would lead ilhe method 
usually adopted, viz : to mix it with compost before spreaJing on lhe 
here express a hope, that if experiments are made on the Berkshire marls, a portion of the black 
vegetable matter that lies above them, may somelimes be mixed with them, lo 3ee whether it 
may not become converted into a geate, and thus increase the value of the marl. It would in
deed be an important discovery, if from the same swamp both the geine and the lime could be 
obtained, in a state proper lo SU'3tain vegetation. 

Jn a few instances the Berkshire marl has been tried upon cultivated land. ln the North 
of Stockbridge, several Mr. 1-Iadsel 40 loads from the bed on his 
upon a field of the effect as A mile or two east of this spot 
Capt. Enos many years ago, took a quantity from another bed and spread it upon grass 
ground with very marked benefit. It has also been tried in Pittsfield, by Samuel A. D<loforth, 
Esq with encouraging success.• 

The agricultural surveyor of M:issachusetts, in his Second annual report, has mentioned ~ 
few recent trials \Yith these marls that have not proved so successful. In one instance, that in 
Sheffield, it alone upon a wheat field, and produced. ] should 
not cxped from such an experiment, especial!,) for probably this mode 
of applying it the poorest : and secondly, in Europe "it known that lime pro-
duces scarcely any sensible effect as a mauure at the beginning. Even the it is 
applied lo the soil its effects are inconsiderable, i:i comparison of whal it produces the second 
and su:;ceeding years" (1lfurlon on Soils p. 177) And finall_y for aughl thal a:>pears, the sol! 
may already contain all the lime immediately for it is based upon limestone. Io the 
other case, a shovel full of marl was put into each of potatoes, and although the crop ap-
peared better early in the season, it was not so superior al the time of harvest. Jn this case the 
quantity of marl used was much too large i according lo nny rules that ] ha.ve ever seen l}"i.d 
down. 

Now in my report of 1838 I predicted such results as these: and l shall expect more of them 
before the best mode of applying the Berkshire marl shall be discovered. Nor would it be 

•.I foci under grca~ obligations to Hon. Judge W~\ker 1 and H. W. Bishop
1 

Es'I· of Lenox, for their al-

;~:~~n nnd assistance~: s~;~~:~~~/o~ b~:~ :~dm;:: .. 1~~muel 1 ~~-1~0i~~e~~1ca;l;:r ~~i::~::~;;~sir·o~ 
collection. I might name Sf'vcr.tl olhcr gen lie men in lliat county who 
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strange if many should hence become entirely sceptical as to the value of this substance, and 
give up further experiments with it. But how unphilosophical to set a few unsuccessful but im· 

perfect experiments, continued only a year or two, against thousands of successful experiments 
made in Europe and in our own country for a great number of years! 1 am not, however, com· 
missioned to try experiments with these marls, but to point them out to others. And I pledge 
myself, that they are precisely of the same nature, and as rich in calcareous matler, as those 
which in other parts of the world have produced most valuable effects upon agriculture. And I 
have little douLt, but if the present generation do not derive similar benefit from them, posterity 
will. 

l have supposed that the discovery of earthy substances containing a much less quantity of 
calcareous matter than the marl that has just been described, might be of great benefit to agricul
ture in a region so destitute of lime as Massachusetts in general. Accordingly, I have examin
ed our clays and diluvial deposites with reference to this point and shall now give the result of 
my researches. 

2. Marly Clay. 

The clays of Massachusetts are in general destitute of carbonate of lime, 
e>;ccpt that they sometimes contain remarkable eoncretions called clay stones, 
which usually consist of about 50 per cent. of this substance. In a few in
stances, however, I have discovered beds that contain a few per cent. of car
bonate of lime ; not enough to bring them under the denomination of marl ; 
yet in sufficient quantity to make them objects of interest in agriculture. 
For as will be shown in another place, clay alone often exerts a very favora
ble influence upon land; much more probably, when it is united with cal
careous matter. The following table exhibits the composition of all the beds 
of marly clay which I have discovered; analyzed by fusion with carbonate 
of soda in the usual way : after extracting the carbonate of lime by an acid. 

No I I I l[<OLO"l"'"onute l I Ma~ne- 1 w;;" I Localily. Silica. Alumina.. nJ of Lime. 
Iron Lnne sia. Absorption 

146 1Williamstown 60.24 15.53 0.12 1.66 2.3 

I 

0.68 

147 NorthAdams , 50.07 4.28 28.0 l.59 0.7 0.67 

219 South Lee, 51.70 21.47 7.80 12.2 do 2.02 2.8 1.83 

2061 Springfield, 64.61 14.40 5.30 7.6 do 2.36 3.8 1.73 

The specimen from North Adams, where it occurs a little east of the vil
lage, in an excavation for making brick, ought rather to be called calcareous 
sand, than marly clay: as will be obvious by inspecting, it.-That from 
Springfield was obtained in boring beneath Connecticut river under the di
rection of Major Whistler, the engineer on the Western Rail Road : 
to whom, and to Capt. Swift, I am indebted for specimens and a Section 
which will be more fully described in the scientific part of my report. The 
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clay on the banks of the river, so far as I have examined, does not efferl'esce : 
yet this point, which is one of great importance, needs farther examination. 
The specimen from South Lee was obtained from a clay bed on land of 
Mr. Merrill, a mile and a half east of the villnge, on the Housatonic river. 
Research, I have no doubt, will bring to light other beds, especially in Berk
shire county : and I should not think it strange if this substance should prove 
more immediately beneficial upon the soil, than the rich marls that have 
been described. 

.3. Peculiar Calcareous Soil. 

In passing from South Lee to Stockbridge, a very peculiar limestone rock 
may be seen, although from its dark color it is not usually supposed to be lime
stone. It is indeed very impure, and will never be used either for buming 
into quicklime or for marble. Yet by decomposition it produces a peculiar red
dish soil, which appears not only to be very fertile, but I apprehend may be 
employed advantageously to spread upon other soils. My attention was drawn 
to it, by the fact that it has been so employed to some extent upon gardens in 
Stockbridge. And as this rock may probably be found more or less abund
antly, nearly all the way from Stockbridge to the north line of the state, I 
thought the soil resulting from it deserved an analysis. The specimen made 
use of, (No. 139,) was obtained near a ledge of this limestone, a little east of 
the village of Stockbridge, and yielded the following results. 

Water of Absorption, 3.80 

Soluble Geine, 0.93 

Insoluble Geine, 1.99 
Carbonate of Lime, 30.57 

Sulphate of lime, l.40 
Phosphate of Lime, 1.63 
Lime, 0.09 

Silica, 46.43 
Alumiua 6.82 
Peroxide of Iron, 4.0J 
Magnesia, ].03 

Loss, 1.30 
100.00 

A glance at the preceding analysis lets us at once into the secret of 
the fertilizing properties of this peculiar soil. For to say nothing of the 
geine, whose quantity is small, the salts of lime, which it contains, must make 
it valuble as a manure. And as to the iron, I am inclined to believe that it 
exists in the rock originally as a carbonate : though I have not ascertained 
this experimentally. But if such be the case, the carbonic acid which es
capes, as the oxide of iron is evolved, will probably be seized by the organs 
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of growing plants. Does not this substance demand the attention of Berk
~hire farmers? If it can be found of the character of that analyzed in con
•iderable quantity, it can hardly fail of being a valuable means of impro,·ing 
much of their land. 

In addition to the good effects of this calcareous substance upon soil, which 
I have mentioned, as shown in Stockbridge, I \\'Ould refer to a district in 
Adams, where the soil is highly impregnated with it. The eastern part 
of Saddle Mountain has a valley running nearly north and south, and rising 
very high at its southern extremity, called the Tunnel. I was surprized to 
find in this valley some of the best dairy farms in the county; and even at 
its southern extremity, which cannot be less than 1200 feet above the villages 
in Adams, the luxuriance of the grass I have hardly seen excelled any where 
in the state. On examining the soil, I found it to be highly charged with 
the peculiar compound under consideration, derived from the bastard lime
'tonc which runs through the \'alley, and whose gradual decomposition not 
unlikely may have formed the valley. An analysis of this soi l is gi>-cn on 
a preceding page: (No. 192, p. 42.) from which it seems that the carbonate of 
lime is almost exhausted, and that it possesses no other remarkable characters . 
.But in the facts above dcv~lopcd, I doubt not we have the secret of its unu
sual fertility. 

4. Calcareous Dilttvium. 

Jn the red sandstone of the valley of Connecticut river, beds of fetid lirnc
'tonc occasionally occur: and besides, in the to\rns of Springfield, West 
Springfield, and South Hadley, the red slaty rock contains a few per cent. of 
!'arbonate of lime. In early times this rock has been extensively worn away, 
and the small fragments and fine sand or clay, thence resulting, ha,·e been 
piled up over the greater part of those towns. This accumulation of detri
tal matter, I call diluvium; and on applying acids to it, in very many places 
in the towns abO\·e named, I found it strongly to effervesce, especially when 
1lug from a little depth. The lime sen·es as a cement, so that in most places 
it is almost as hard as a solid rock, and requires a good deal oflabor to get it up. 
But exposed to \.-Ct, heat, and cold, it at length crumbles down, and becomes 
fil to spread upon land; although the size of the pebbles often might injure 
~rass fields, unless they were separated by means of a riddle. Since this dilu
,·ium " ·as deposited, a thick layer, first of clay, and above this, of sand, has 
been brought o\·er most of the region, so that the diluvium appears only in 
those places where the sand and clay ha\'C been worn away. But it occurs so 
otlrn that it is accessible in a multitude of places. I will m(mtion the banks 
of Agawam ri,'er, a little west, and also south, of the \'illage of \Yest Spring-

11 
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field ; also at the south end of the village of Springfield, in several places 
along the banks of the small river on which stand the lower "\Vater Shops." 
In one spot on the north bank, is an elevation belonging to the United States' 
Government, which ten years ago was nothing, but a barren sand hill. A 
large quantity of this diluvium, and of the disintegrating slaty rock beneath 
it, was carted upon this spot, and not only has it fixed the sand, but produced 
a coating of clover, grass, and young locust bushes. I was there informed, 
that near the same spot, six or eight years ago, some of this diluvium was put 
upon a small sandy ploughed field, and that the good effects are still visible. 
In another case eight years ago, some of it was mixed with a small quantity 
of hog manure, and the land still produces better cl'Ops. The testimony here, 
and also at Chicopee Factory Village, as well as in West Springfield, was, 
that wherever this diluvium is spread, clover soon makes its appearance; a 
result almost uniformly attending the judicious application of marl. 

In the banks of Chicopee river, in numerous places from its mouth nearly 
to Putt's Bridge, thick deposites of this diluvium appear. An enormous bed 
of it exists on the east bank of Connecticut river, a little south of the village 
at South Hadley Canal. It occurs, also, in abundance, a little south of the 
village of South Hadley. I have searched in vain for it in other parts of the 
valley of the Connecticut. No where else in Massachusetts does the red 
sandstone appear to contain enough of carbonate of lime to make its detritus 
sensibly calcareous. And although I have been told, on good authority, that 
in the vicinity of Hartford and Middletown, Ct., the diluvium does effervesce 
with acids, yet after repeated trials in various places from Massachusetts to 
Middletown, I have not found any that was sensibly calcareous. At pre
sent, therefore, I must consider this variety confined to the three towns above 
named: though I doubt not that I might safely add Longmeadow and Wilbra
ham. I have analysed only three specimens; but these probably will give 
us about the average amount of carbonate of lime. The specimens analyzed 
will be found in the state collection. 

l<.:"bon>tel slCubonote 
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The amo~nt of ca.lcareous matter in this diluvium appears small, when 
co:upared with that rn the Berkshire marls. And I presume it will not be 
found rnluable enough as a manure to be transported a great distance. But 
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it oug'1t to be recollected, that it needs only a small quantity of lime in a soil 
to work wonders upon vegetation. And further, it happens that in the im
mediate vicinity of nearly every bed of this substance, is a great deal of that 
~terile sandy land, which most needs a coating of marly clay, which is in fact 
the character of the calcareous diluvium. The large quantity of peroxide of 
iron which it contains, will probably also be uselUl on such a soil. And where 
this substance can be carted directly upon such fields, I cannot doubt, but 
they might be made permanently fertile without great expense. I trnst that 
some of the farmers in the vicinity of this diluvium, will at least be tempted 
to try a few square rods of sandy land in this manner; and then they can 
judge whether its more extensive application may not be profitable. \Vho 
knows, but this substance, which has hitherto been regarded as a sign of utter 
barrenness, and employed only for mending roads, may at some future day 
spread fertility over many a field now scarcely worth cultivation! 

I ought to remark, that in many places, beds of this diluvium occur which 
contain little or no calcareous matter, because the rocks from which they 
were derived, contain none. Hence in using this substance upon soils, none 
ought to be employed which does not effervesce with vinegar, or other acids. 
By omitting this precaution, an experiment may fail, which would otherwise 
succeed. 

5. Limestone. 

Upon the whole no rock is so important in an economical point of view as 
limestone ; and no part of the world is better supplied with this material than 
the western part of Massachusetts. Enough exists to fumish the whole state, 
and I might say probably with trnth, the whole of New England, through 
all future generations with marble and quicklime, were it spread through the 
country. But in other parts of the state limestone is comparatively rare; and 
I have searched for it with more diligence than for almost any other substance. 
The numerous small beds which I have discovered, lead me to hope that I 
have not labored altogether in vain. I shall now present a table of the anal
ysis of nearly every deposite which I have found out of Berkshire county; 
and of several of the most important localities in that county. The more 
common limestones there I have neglected; because they will never proba
bly be used. But inferior varieties will be valuable in other parts of the 
state; and therefore, I have analyzed all which I have discovered. 

I hal'e reduced all the following analyses to a centesimal standard: and 
although there was always a small loss in the process, I have neglected it; 
because in a practical point of view it can be of no importance, and would 
somewhat embarrass any one not conversant with chemical proc~es, who 
wishes at a glance to determine the composition of our limestones. 
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The numbers in the first column refer to those in the State Collection. 
have added also a column of specific gravities; although this item can be of 
no great importance. 

I am inclined to believe that in most of the limestones of Massachusetts, 
the iron exists in the state of a carbonate: And such a supposition accords 
rather better with my analyses than to suppose it in the state of peroxide. 
But as the quantity of iron is in most cases very small, and the difference as 
to amount between the carbonate and peroxide is slight, it is not easy to de
termine whether a loss so small as that difference is to be imputed to errors of 
analysis, or to the escape of carbonic acid: and as in the analytical process the 
iron must be estimated in the state of peroxide, I have put it down in the table 
as such. If any one wishes to reduce this to the state of carbonate, he can do 
it by this formula; 978: 878 :: Peroxide: Protoxide. Then 61.44: 100:: 
Protoxidc: Protocarbonate. Or Protocarbonate-:- 1.46 =Peroxide. 
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.. I LOCALITY. 

~ 
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I consider the practical inferences which I shall make from the preceding 
table to be more important than from any other analyses which I have execu
ted. But in this place I shall confine myself to the agricultural value of 
our limestones, and defer a consideration of their use as marble and cement 
to more appropriate places. 

Is Magnesian Limestone useful in .flgriculture? 

It has long passed for a settled principle that limestone abounding in mag
nesia is decidedly unfavorable to vegetation. But more accurate observa
tions have led able writers to call this principle in question. Morton declares 
that in England, "although the soil is in general very thin on the·magnesian 
lime, yet it is a good light soil for arable culture, and with manure produces 
good crops." (Morton on Soils, p. 80.) And Mr. Bakewell sa_ys, " I do not 
agree in opinion with those who regard the magnesian limestone districts as 
unfertile.-On the summit of Breedon Hill, in Leicestershire, I have seen a 
luxuriant crop of barley growing on land, that had borne a succession of twen
ty preceding crops without manuring. This is more deserving notice, being 
in an exposed and elevated situation, and upon the very hill of magncsian 
limestone which has been so frequently referred to by chemical writers, as 

• J have reuoo to supl)O!e that most of 1bo JimCiltone from tbl1 town 11 more m1gnula11 than th i.t 1pecimen. 
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peculiarly unfavorable to vegetation. The limestone of this hill contains 
above 20 per cent. of magnesia.-The magnesian lime acts more po\\erfully 
in destroyingundecomposed vegetable matter than common lime and its effects 
on land are more durable: hence it is in reality of greater value in agricul
ture, as a much smaller quantity will answer the same purpose." (Bakewell's 
Geology,p. 170, and 325.) 

That a small proportion of magnesia is not injurious has always been ad
mitted: a fact for which there is strong presumpti,·e evidence in the existence 
of a small quantity of magnesia in nearly all soils. I strongly anticipate 
that the final conclusion on this subject will be, that land will bear less of 
magnesian than of common limestone : but that both are usually salutary. 
It is thought that generally lime is apt to injure until it has imbibed carbonic 
acid from the atmosphere, and is converted back into a carbonate, and it is 
also known that magnesia imbibes this gas more slowly than lime does; and 
this may be the reason why the former is more apt to do injury. 

I have but one fact to state that has any bearing upon this question. It 
will be seen by the preceding Table, that the limestone burnt by Mr. Had
sell in New Marlboro,' is genuine dolomite; containing over 40 per cent. of 
magnesia. Now he informed me that some years since, he applied a large 
quantity of the quicklime derived from it, directly upon a piece of land with 
decided injury. But by subsequently applying a coat of manure, its produc
tiveness was restored ; and ever since it has been one of his best pieces of 
land. Such a fact seems to teach us, that a good deal of caution is necessary 
in the use of magnesian limestone: but it shows also, that with a proper 
amount of manure, it may prove a very valuable fertilizer. 

Pulverized Limestone. 

If it be a fact that quicklime mixed with the soil very soon returns to the 
state of a carbonate ; that is, to its condition before burning, then it may 
be successfully applied without burning. Except in those cases where it is 
desirable that the lime should act energetically upon undecomposed organic 
!natter, to convert it into geine, it would be better to apply it unburnt ; pro
vided it be reduced to fine powder. The chief value of burning seems in 
most cases to be, to bring it into that state. But this can be done mechani
cally; that is, by grinding; just as gypsum is universally prepared. Now 
much of the magnesian limestone of Berkshire county is more easily reduc
ed to powder than that which is pure; and that would undoubtedly be the 
best mode of preparing that kind of limestone for agricultural purposes. 
But since it may be doubted whether magnesian limestone is as good for 
vegetation as that which is pure, probably the inhabitants of Berkshire will 
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not think it best to use the former; since they have enough that is pure. 
Yet these suggestions respecting the grinding of limestone, are not inappli
cable to that part of the state. For those immense accumulations of the 
fragments of pure limestone, that exist at some of the marble quarries there, 
as at West Stockbridge and Lanesborough, may probably be best converted 
into powder in this manner. Or if fuel is so abundant in the vicinity that 
it is cheaper to bum the stone, the time is not far distant when this cannot 
be the case. Besides, when the contemplated rail roads are completed in 
that part of the State, and the value of lime in agriculture is better appre
ciated than it now is, I hazard the prediction, that pure limestone will be an 
article of transportation to those parts of the state now deficient in that ma
terial. 

In the eastern parts of the state, however, where fuel is much more ex
pensive than in Berkshire, the grinding of limestone may be an object of 
more importance. Several quanies there, have indeed been abandoned 
from the high price of fuel. But in most instances water power for pulver
ization is accessible. The greatest difficulty in the way that I can think of, 
is the great hardness of several varieties of these eastern limestones. Per
haps, however, a description of the different localities will form the basis of 
a better judgment on this point. I shall now give such a description; 
more with reference to the economical value of our limestones, than to their 
scientific relations; although there is usually an intimate connection be
tween the two things. I have sought for limestone in Massachusetts with far 
more care and effort than for the precious metals, because I believed it to be 
of far more value. The following statements will show that I have not la
bored wholly in vain ; though I could have wished for better success. 

Berkshire Limestones. 

In an economical point of view Berkshire county must be regarded as the 
principal mineral district of Massachusetts : and her limestone and iron 
form the principal mineral riches. Nothing can at all compete with these 
in any other part of the state, except perhaps the granites at Quincy and on 
Cape Ann.. The vast amount of limestone in Berkshire may be seen by 
consulting the geological map. Nearly all the vallies abound with it, al
though it usually alternates with mica slate, or quartz rock. In many in
stances one travels for several miles across uninterrupted strata of limestone 
of good quality, either for agriculture, mortar, or marble. In short, the 
more familiar one becomes with the geology of the county, the more im
pressed he is with the inexhaustable amount of good limestone: and when 
we consider that these deposites lie upon the borders of a vast extent of 
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primitive country, stretching to the ocean on the east, where only a few 
Rcattered beds of limestone occur, we cannot doubt that those of Der kshirc 
must prm·e an unfailing and increasing source of wealth as long as New 
England is inhabited. 

It will be seen by the preceding analyses of our limestones that VC'I'} 

many of those in Berkshire are magncsiau. As a general fact I think the 
magnesian variety most abundant along the eastern part of the county, at 
the foot of Hoosac mountain ; and the pure variety most abundant at the foot 
of the Taconic range. The mountains themselves with only a few excep
tion,, are composed of quartz rock or mica or talcosc slates. Jn gPneral, 
these limestones contain only a very small proportion of silica. Jn two ex
amples of the magnesian variety, from Lee and Dalton, the rock perfectly 
dissolved in nitric acid : showing that it contained no silica. Only one other 
case of the kind have I met in the state ; and that was a loose block found 
in \Vorthington, which was derived from Berkshire county by diluvial ac
tion. (See Table of Analyses.) 

How lo distinguish .Magnesian Limestone. 

It would be very desirable to have some test of easy application for dis
tinguishing the magnesian from pure limestone: for sometimes in Berk
shire they constitute different layers of the same bed. Unfortunately, how
ever, none but chemical tests furnish an infallible criterion. But there arc 
some characteristics that will enable an intelligent man to detect the most 
perfect varieties of magnesian limestone, called dolomite, without the trouble 
of analysis. One is, that the texture of this rock is less firm than that of 
pure limestone; so much so, indeed, that it frequently crumbles down 
into sand, as may be seen in some places in Sheffield, and particularly in 
Canaan, the tmrn in Conneticut next south of Sheffield. Another charac
ter of the dolomite is, that it is less distinctly stratified than pure carbonate 
of lime. This is strikingly exhibited in the limestone of Lee, which is 
mostly dolomite. A third and a better character is, that when pure lime
Rtone in the state of powder is thrown into diluted nitric acid (aqua fortis) 
it dissolves rapidly, and with powerful etfervesence; so that in a few mo
ments, if enough acid has been added, nothing remains undissoh·ed but the 
earthy residuum. \Vhereas dolomite dissolves slowly, and hours are often 
required for its complete solution. Sometimes, however, when a limestone 
contains only a few per cent. of magnesia, it will dissolve very rapidly at 
first, but it will require a long time to complete the process: from "hence 
it is inferred that pure carbonate of lime in such cases is mixed with do
lomite ; which is a double salt of lime and magnesia. 
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In some cases, it must be confessed, that the presence of magnesia in lime
stone cannot be detected but by going through with a careful analysis, which 
requires the apparatus and ingredients of a laboratory, and which the practi
cal chemist alone can manage . 

.Middlefield and Becket Limestone. 

In ascending easterly the broad range of Hoosac Mountain from the valleys of Berkshire, the 
first beds of limestone which we meet lie in the east part of Middlefield, on the Pontoosuc turn
pike ; and on the line of the great Western Rail Road. The most westerly bed appears at the 
point where Cole's Brook empties from the north into a branch of Westfield river, on land of 
Gen. Mo.ck. It is 5 or 6 rods thick, and is interposed between strata of gneiss, having a westerly 
dip of nearly 70Q. One mile farther east, on the same branch of Westfield river, is another 
thick bed of limestone, of the same quality, lying between strata of gneiss, which lean a few de
grees to the west. This stone often contains delicate serpentine, so intermixed as to form a 
beautiful verd antique marble when polished; as may be seen in Nos. 1954 and 1955. It is 
doubtful whether large blocks of this could be obtained: Yet as one of the sources whence a 
beautiful ornamental stone can be procured it ought not to be forgotten. 

Both these beds of limestone extend southerly across the river into Becket, and one of them, 
probably the most easterly one, appears in the southeast part of that town, on what is called the 
Billy Messenger Farm, now owned by the State of Connecticut. Here formerly the stone was 
burnt into quicklime, as it has been more recently at the most easterly bed in Middlefield: but 
the kilns are not now in operation at either place: probably because the lime hence obtained can
not compete with the purer lime from the valleys of Berkshire. 

The limestone from the three localities above named, (and I might add a fourth which I 
recently noticed two miles further south on the old Becket turnpike,) is very much alike in its 
general character ; as may be seen in the table of analyses that has been given. The specimen 
f-rom the most easterly bed in Middlefield is the most free from magnesia and earthy impurities: 
But there is great inequality in different parts of the bed as to purity, and much of it is rejected 
as tOo impure for burning. The fact is, the stone at these localjties has been subjected to power
ful heat at some former period, and is thereby injured for economical purposes. At present per
haps, it cannot be profitably burnt for the market. But as it exists in a region likely for a long 
time to abound in fuel, the time may come when this stone may be in demand. 

The beautiful dolomitic limestone, a mile south of the meeting house in Tyringham, (No. 
1924) which is extensively converted into quicklime, appears to be situated between strata of 
gneiss, just like the beds in Middlefield and Becket. The same is true in respect to some of the 
beds in New Marlborough, which are employed for asimilar purpose: as atHadsell'sandSmith's 
quarries. (No. 1927, 1933.) 

In the Table of Analyses a specimen is given (No. 2497) whose locality is Worthington, 
which was received from Dr. Brown of that place. Being informed that extensive ledges of it 
existed there, I analyzed the specimen; and found it to be the purest limestone which I had met 
with in Massachusetts. It will be seen that it contains no earthy matter,and no magnesia; and 
only an extremely small quantity of iron. I have since learnt that only bowlders are found in 
Worthington; and the probability is strong, that they were brought from Berkshire county. 

] ought here to remark, that though in several instances no iron is given in the analysis, it is 
only because no attempt was made to separate it from the other ingredients, and I have reason to 
think it always exists in our limestones. 

12 
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Blanford limestone. 

A small bed of limestone shows ilsPlf in the northwest part of Blanford, one mile south of a 

bed of serpentine, which, as well as the limestone, occurs near the junction of mica slate and 

hornblende slate· which last is narrow and succeeded by granitic gneiss. The character and com

position of this limestone are very similar to that of Middlefield :ind Becket; and therefore addi

tional description will be unnecessary . 

.Micaceous limestone of Franklin and Hampshire Counties. 

In the mica slate region of Franklin and Hampshire counties, especially near its eastern border, 

a gray highly siliceous limestone occurs, which usually abounds also in mica. Indeed, it passes 

insensibly into mica slate, and is not generally distinguished from that rock. The table of anal

yses exhibits the composition of six specimens of this limestone; viz. two from Whately, two 

from Ashfield, one from Norwich, and one from Southampton, a1l of which contain a large propor

tion of earthy impurities ; and one of them a little magnesia. I also ascertained the existence 

of magnesia in a specimen which I analyzed from Williamsburgh ; which contained 63 per cent. 

of carbonate of lime. 
This limestone is ;:nost abundant in the towns of Whately, Conway, Colrain, Buckland, an<l 

Ashfield: and in my former reports I suggested that some of it was pure enough to be burnt, es

pecially for agricultural purposes. A company has since been formed, belonging to Hadley and 

Northampton, who have for several years burnt more or less of that in Whately, where occurs 

the largest and probably the purest bed of it that I know of. They have erected a perpetual kiln, 

and use the lime principa1ly upon their land : and as they inform me, with good success. This 

is the first systematic and persevering etfort, so far as I know, that has been made in Massachu

setts to burn limestone for agricultural purposes: and hence deserves warm approbation and en

couragement. This same stone, however,has been burnt in Buckland and applied successfully to 

land. But I believe its preparation is now abandoned. I have been told also, that it was formerly 

burnt on a small scale in Colrain. Some of it is obviously too impure to be profitably burnt. 

For in England a stone that does not contain more than 50 per cent. of carbonate of lime, is re

garded as too impure for being profitably converted into quicklime. Hence if any are about to 

engage in burning this micaceous limestone, they should first resort to a chemist to ascertain the 

amount of lime which it contains. I shall have occasion to speak of the Whately lime in anoth
er place, as a valuable article for a particular kind of mortar. 

I have conversed with most of the gentlemen concerned in the preparation of lime at Whate

ly, who are all respectable farmers, ancl they assure me that the experiments which they have 

made with that lime upon their la.nd, afford in most cases decided evidence of its good effects. 

Mr. Linus Green says he has tried it ina variety of ways, both upon grass and ploughed ground; 

$nd in such a way as to be able to judge of its effects ; an<l in most cases it proves of marked benefit. 

Somc~times he has sowed it, after it had been slacked for some time, directly upon grass; or upon 

hills of corn, or potatoes; or has mixed it with loam, or with manure; and he rather prefers the 

latter mode. Mr. Nash and Son, have made numerous trials within a few years past with this 

lime, and the latter hils been so good as to put down the facts upon paper: and as the experiments 

detailed seem to me to have been very well conducted, and the results important, I givehisletter 
entire. 

Srn,-Y ou wish me to communicate to you any facts respecting the use of lime on my Father's 
farm which we may have observed. 
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We have had but Jittle experience on this subject, having commenced using lime in the spring 
of 1837. The fall previous we had plowed a piece of low,clayey, pasture ground, which had, 
,LJrobably, never been plowed before. As we had intended to make some trial of the effects of 
lime on this piece, we had, in plowing, divided it into lands, the furrows of which ran east and 
west. As the lnnd was soft we could not well do any thing with it till the fore part of June. 
At that time we carted upon the south land, ten loads of manure to the acre, of about 30 square 
feet each. 

On the next land we put fifty bushels of lime to the acre; which, at twenty cents a bushel, 
(about its actual cost,) would amount to the same as the manure. On the north land we put no 
manure or lime. On the 1 lth. and 12th. of June, the whole was sowed with oats, seeded, and 
harrowed in. 

In harvesting it was not convenient to keep the oats which grew on these several lands separ
ate, so they were all mixed together,--ourobject being not so much to get the exact yield of each, 
as to satify ourselves by inspection and harvesting whether lime had an effect on land of this de
scription. Of this we felt satisfied, for the oats on the land which had been limed were heavier 
and yielded a third more sheaves, than the land which had been manured,-though the yield 
there was considerably better than on land on which nothing had been put. 

We have mowed these lands in 1838-9, and get as much in quantity and better in quality from 
the limed land than from both the others. 

Jn the sping of the same year ( 1837) we planted two pieces of potatoes on land of equal rich
ness or as near as we could judge. One piece was manured in the hole with common barn-yard 
manure, at the rate of ten loads to the acre. The other was manured from a heap of compost 
which had been thrown together about ten days befort> using. Its composition would not, proba
bly vary much from two thirds manure and one third loam with two bushels of lime added to a 
load. When it was used it was was all in a state of fermentation, though this had not proceeded so 
far as to destroy any of the manure. The same quantity was applied to the acre as before. 
This last piece yielded 250 bushels to the acre, while the former did not exceed 150. Perhaps 
this difference may appear to be great, but the land and potatoes were carefully measured. 

In 1838, lime was mixed with all the manure which we intended to use onp-:>tatoeland,exccpt 
a part of one piece, which was left further to !est its effects. We did not measure the potatoes, 
but it was the opinion of my father, expressed at the time, that the same quantity of land limed 
yielded 1-3 more than the unlimed. The potatoe crop of 1838, you will recollect, was almost 
universally poor, both in quantity and quality. In either respect however, ours did not appear 
to be much inferior. This was probably owing in part to their being planted on low land, which 
enabled them better to resist the drought of that season. But the potatoes were evidently better 
on the lime<l than on the unlimed parts. 

In 1839. we made no further experiments, having used lime for all our potatoes. 
For the three last years we have used lime on mowing by mixing it with compost, and al

though we have never made an exact comparison of limed and unlimed parts by measuring the 
land and weighing the hay, yet the grass has evidently been better where the lime has been 
applied. 

But whatever may have been the effects of lime on oats, grass and potatoes, we cannot see 
that it has benefited wheat or rye. Indeed we have been disappointed whenever we have appli
ed it to either. Jn April 1838 we sowed ten bushels on 3-4 of an acre of winter rye. It air 
peared to kill most of the sorrel of which there was considerable among the rye, but therye did 
not appear to be better than on land around it which had received no lime. On the 12th. of 
April, 1838, we sowed half an acre of wheat on a part of the piece which had the previous year 
yielded 250 bushels of po la toes to the acre. The 4th. of May, 20 bushels of lime were sowed 
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upon it, the blade being then about 3 inches high. We got only six bushels of wheat from tlie 
half acre, and that badly shrunk. 

On the 6th. of Oct. of the same year we sowed one acre of winter wheat on old land, aft~ 
corn. On this acre we sowed 45 bushels of lime and harrowed it in with the wheat. Part win
ter killed. The remainder grew remarkably well and promised a good yield, until it got into the 
milk state, when it commenced rusting. The crop was spoiled . So completely was the kernel 
robbed of its nourishment and- shrivelled up that it was hardly worth thrashing. Only 
3 1-2 bushels were thrashed from the whole of it. Jt may, perhaps, be proper lo inform 
you that this piece after turning under the stuble was sowed with turn ips. As they were sow
ed late we did did not expect much of a crop. We gathered something over 150 bushels of 
first rate roots remarkably free from worms. 

Last spring we sowed one bushel of Italian-spring wheat on 95 rods of land and seeded it 
down. About a fortnight after 10 or 11 bushels of lime were sowed upon it. There was a 
large crop of blraw, sufficient to ha ye yielded 25 bushels per acre. But it was affected by the 
rust and we got only eight bushels from the piece, which would be 13 1-2 bushels per acre, near
ly. The clover and herdsgrass look remarkably well. 

All the lime we have used was burned at Whately. The cost of fuel for burning in the draw 
kiln has varied from three to four cents a bushel. Wood, half hard and half soft, 4 feet long 
has usually cost from 9 to 1 O shillings per cord. The Company pay 6 1-2 cents a bushel for quar
rying and burning. 

Very Respectfully yours. 
SAMUEL NASH. 

PROF. E. HITCHCOCK. 
Hadley, Dec. 3, 1839. 

Limestone of Whitingltam, V erm011t. 

I mention this bed of limestone, first because it is so extensively used in Massachusetts, and 
secondly because it very probably extends into Massachusetts. Jt lies in the south part of 
Whitingham, near the junction of talcose slate and gneiss, and in external character resembles 
that in Middlefield and Becket, though perhaps rather more pure. I have not analysed it, but 
cannot doubt that it contains magnesia. 

Limestone of Bernardston. 

This limestone is associated with a bed of magnetic iron ore : and some 40 or 50 years ago, an 
attempt was made to smelt the latter 1 making use of the former for a flux. But not being very 
successful, very probably from the presence of some oxi<le of manganese, the enterprise was 
abandoned ; and it was not till a few years ago that any effort has been made to burn the lime
stone. As we might presume from the analysis, it produces a very good lime for cement, and 
doubtless good also for agriculture. A good deal of hydrate of iron is occasionally intermixed 
with the limestone, which gives the lime a dark color: but this is not probably of any injury 
when it is employed for mortar. The bed is of considerable extent and obviously of a more 
.recent age than the limestone that has been described: for it contains some organic remains. 

Fetid and Fem1ginous Limestones of Hampden County. 

These occur in ~he bed of Chicopee River, at the ~hicopee Factory Village, in Springfield, 
and ID West Spnogfield on the banks of Agawam river ; and also in the northeastern part 
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of the town. Two quarries have been opened at the latter locality and the fetid limestone 
burnt to a considerable extent for hydraulic cement, by Mr. Paine. But the ferruginous lime~ 
stone, which often exists in the form of septaria, has never been used at all. Nor have any of 
these limestones that I can learn, ever been employed in agriculture; although I cannot doubt but 
they would answer admirably well. I shall have occasion to refer to them again when I treat of 
the application of our limestones for cements. I wculd only remark here, that though the beds 
of these limestones which exist in the red sandstone formation, are thin, yet most of them are 
extensive, and will last for a long time. 

Limestone in Belchertown. 

About a mile southeast of the village in Belchertown, a bed of limestone occurs in gneiss: 
which at the surface appears of no great extent : and most of it is impure, though sometimes 
highly crystalline. It bas never however, been explored to any extent: and not unlikely it may 
hereafter be found of value. 

Limestone of Bolton, Boxborough, .flcton, Littleton, Carlisle, Chelmsford, 
Natick and Sherf:mrne. 

I notice all these beds of limestone together, because they occur in the same rock, and are very 
much alike in their characters. They are generally white crystalline limestones, highly magne
sian, and almost destitute of stratification; placed between highly inclined strata of gneiss. The 
rock is usually very much mixed with foreign minerals; such as scapolite, serpentine, compact 
feldspar, &c. although such portions are mostly rejected. None of the beds are of any great ex
tent in the direction of the strata; nor is their width more than a few yards inany case. Most 
of them have been opened at different periods, and the stone burnt into quicklime; but nearly 
all of them are now abandoned ; probably because the price of fuel has so increased that lime may 
be obtained at a cheaper rate from a foreign market. At Bolton, however, a good deal of lime
stone is still burnt. 

In several of these towns, as Chelmsford, Bolton, and Natick, there are several beds of this rock, 
more or less remote from one another. In the latter place, the rock was formerly dug and burnt 
during the revolutionary war, from a bed a mile or two northeast of the meeting house; and more 
recently some of it has been ground for use upon land. No.1946, shows the composition of this rock. 
A much purer and highly magnesian specimen, was dug out at the rail road excavation near the 
same spot, of which No. 1948, in the Table of Analyses, shows the composition. In the same 
cut a yellow compact limestone was discovered, which forms a bed 4 or 5 feet thick, of which 
Nos. 1950, 1951, give the composition. The specimen analyzed from Sherburne, was found a 
short distance .southeast of the meeting house; where it occurs in numerous blocks in the ston8 
wall: but I did not discover it in place. And as this sp:>t is nearly south from West Natick, 
where the limestone above described is found, it is possible that the Sherburne stone may have 
been brought from that place by dilu vial action. More probably, the Natick bed extends to that 
place beneath the soil, and not improbably a little research might discover it. And really, I re· 
gard the discovery in any place in New England, of a good bed of limestone, as of more impor· 
tance then a mine of gold : for though at present in the eastern part of Massachusetts most of 
the lime used is brought from Maine, yet the time must come when the price of this foreign 
supply will be so high, that the inhabitants will be obliged to re-explore the now deserted beda 

of lhis rock. 
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Concord Limestone. 

Jn the southeast part of Concord, on the bank of a branch of Concord river, where it is cross
ed by the great road leading from Boston to Bolton, I recently found gray limestome in horn· 
blendic gneiss, forming beds from a few inches to several feet in width. It is impossible to de
termine without excavation, whether enough of good limestone could be found here to make it 
an object of economical interest. This limestone so much resembles the including rock, that 
they are apt to be confounded, especially when obscured by disintegration and lichens. ll will 
be seen by the analysis, that this limestone is almost free from magnesia: and that it does not 
contain so much of siliceous impurity as to make it unprofitable for burning. 

Limestone of Stoneham and Newbury. 

I put these beds together because they both occur in sieuite or perhaps in a rock in
termediate between hornblendic gneiss and sienite. The Newbury limestone, of which there 
are several beds not far from one another, resembles that already described in Bolton, Natick, &c. 
But that at Stoneham is a beautiful white compact stone, well adapted, were it free from fissures, 
for statuary marble. It contains, however, more than its appearance. would indicate, of silica ; 
and is considerably magnesian. The limestone both of Newbury and Stoneham has been ex
tensively excavated in past time, but is now neglected. Yet let it not hence be inferred that it 
will never come into use. 

Limestone oj Walpole and .11.ttleborough. 

Jn both these towns I suppose the limestone to be associated with the rock usually denomina
ted graywacke. That in Attleborough is certainly thus situated: forming a bed, perhaps only 
a few inches, but probably a few feet wide, in the red slate, in the southwest part of the town, 
on land of Thomas Arnold. As I noticed blocks in the vicinity quite frequently, I suspect that 
it may occur there in large quantity: and the analysis shows it to be a very pure limestone. 
The bed in Walpole lies in the southwest part of the town, and was formerly explored and burnt. 
It is of a gray color and contains a good deal of siliceous impurity. 

The greater part of the quicklime used in the eastern part of Massachusetts, is brought from 
Thomaston in Maine; and from Smithfield in Rhode Island. The quarries in the latter place are 
only a short distance from Massachusetts; and the stone being of a good quality, it is ex
tensively wrought. A few years since20.000 casksoflime, coutainingfrom 38 to 40gallonseach, 
and selling at $2 per cask,-was put up in Smithfield. There are two beds of the rock, about 2 
miles apart, in hornblende slate. The color is white and the texture crystallioe. 

Perhaps I ought to mention, that among the slate of the stone walls in the west part of West 
Newbury, I noticed blocks of white limestone (No. 1945). Probably they are derived from a 
bed at no great distance; as they were not rounded; an<l careful examination might bring it to 
light. 

I doubt not but many of the above localities of limestone will be new to most of our inhabi
tants, as they were to me a few years since. I have felt it to be important to describe them all, 
in the belief, that though now in a great measu1e neglected, they will ultimately be regarded as 
of no small value. 

The three last specimens, whose analysis is given in the Table, are those singularconcreliont 
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called claystones, which are common in our clays; and which appear to contain about 50 per 
cent. of carbonate of lime. They occur in too small quantity to be of much economical value; and 
l shall, therefore, reserve a description of them to the more exclusively scientific part of my report. 

II. SUBSTANCES CONTAINING LITTLE OR NO CALCAREOUS MATTER, BUT 

OPERATING UPON SOILS VERY MUCH LIKE LIME. 

1. Green Sand. 

This substance constitutes a large part of what in New Jersey goes by the 
name of marl; and which, within a few years past, has wrought such won
ders in some parts of that State. It is found also in Virginia, and probably 
exists in all the Southern States, that extend to the Atlantic. In my 
report of 1834, I described this substance as forming a bed of considerable 
thickness at Gay Head, being a part of the tertiary formation there. I 
also intimated in the same place, that probably it existed on the continent at 
Duxbury. This point I determined if possible to settle, and proceeded to 
Duxbury accordingly. And in the extreme north-westerly part of the 
town, or rather for the most part within the botmds of Marshfield, 
about two miles southwest from the seat of Hon. Daniel Webster, 
I found the spot described by Rev. Mr. Kent, as given in my report. 
I was surprised- to find the region abound in low hills of granite, with 
occasionally a swamp or small stream ; being in fact, as unpromising a 
spot for green sand as I had seen in the State. Yet here I found that 
the green sand had been thrown up from at least three wells ; one of 
which (on widow Sprague's place,) is in Duxbury, and the other two 
in Marshfield, near a small stream called South River. In the well on Mr. 
Kent's farm, (that described in my report as in Duxbury,) the green sand 
was struck at the depth of 13 feet from the surface. In the other, that on 
the farm of John Chandler, Jr., it was struck at the depth of 21 feet; and 
the bed was five feet thick. This spot was nearly 20 feet above South 
River; and it occurred to me that perhaps on the margin of the stream the 
sand might be found, just beneath the surface. I caused an excavation to be 
made there, and after passing through one foot and a half of black mud, and 
the same distance through yellow sand and gravel very much consolidated, I 
had the pleasure of reaching the green sand. This spot is perhaps 15 or 20 
feet above tide water. An extensive swamp extends from this place through 
the west part of Duxbury several miles, and I have reason to suppose the 
green sand may be found along its whole extent. Indeed, I strongly sus
pect that it occurs abundantly along the coast from Marshfield to Plym
outh, and not improbably also on Cape Cod. The general aspect of a large 
part of Plymouth and Barnstable counties is very much like the region where 
this substance occurs. 



Economical Geology. 

The coloring matter of this sand forms but a small proportion of the whole 
mass wherever it has yet been found ; yet it imparts a decided green tinge 
to the whole. The specimens which I obtained at Marshfield, however, 
contained probably much less than the average quantity of the green matter. 
For some of it had been exposed to the action of rain, &c, for several years ; 
having been formerly thrown out of a well ; and that from the excavation 
which I made, was obtained only a few inches below the upper part of the 
bed. The specimen in the State collection, (No. 158,) bears a stronger 
resemblance to the green sand found on the continent of Europe, than to that 
from New Jersey. It became a point of much importance to identify this 
with other green sands. This could be done only by chemistry : and I am 
happy to be able to present here the very accurate results of analysis, which 
Dr. S. L Dana, at my request ha5 obtained, whereby the identity of this 
green sand with that of Europe, is completely established. 

" The green sand from Marshfield," says he, "was treated as follows to 
separate the green particles. Washed in a large volume of water, the black 
brown, and green particles subside, mixed with many quartzy grains. The 
grains form abont one half the whole bulk. These grains were then washed 
in a smaller quantity of water, and the attrition caused the water at each suc
cessive washing, to become ochrey, and I began to think that I should wash 
nearly all away.* I then treated the grains with dilute muriatic acid
washed them anew, dried and passed them through a sieve. The whole 
looked like mustard seed, with a few light green particles here and there 
among the black, green, and brown particles and quartzy grains. Pulverized, 
the whole becomes ochre brown. It was dried at 212°, and the analysis con
ducted as usual, gave-

Water, 6.50 
Black Oxide Iron, (ferroso-ferrique of Berzelius,) 64.944 
.Alumina, 4.372 
Silex, 
Lime, 
Magnesia, 

23.0 

0.536 
0.648 

IOO:-
"The earths, if silicates, will require 4.721 silex; and on no supposition 

will the remaining silex and water convert the iron into a hydrated silicate. 
Hence the iron is not combined with the silex, but exists as a hydrated 
oxide of iron. The composition will then be ; free silex, 18.289; hydrated 
oxides of iron, 71.444 ; silicates 

alumina, 4.372 
1 

lime, .535 
1 

magnesia, .648 
of 1 of ---1----- = 10.277. 

silex, 3.886 silex, .316 silex, .519 

" The specimen which I sent Dr. Dana, had probably lain upon the surface oflhe ground for ieveral 
years, and the iron bad most likely become somewhat peroxidized." 
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If we allow the hydrated iron to be mixed, a portion with the above silicates, 
except the lime, which Berthicr and Turner did not find essential in their 
analyses of the coloring matter of green sand, we ham a small portion of this 
coloring matter mixed with a large portion of hydrated oxide of iron. Only 
about 5 per cent. of the whole is green sand, similar in its composition to that 
examined by the late Professor Turner, as stated in Dr. Fitton's "Remarks 
on the Strata below the chalk, &c., in the south east of England;" p. 108. 

In a subsequent letter, Dr. Dana gives the result of his analysis of the 
green sand from Gay Head, of which No. 72 in the State collection, in the 
rooms of the Boston Natural History Society, is an example. This gives a 
better idea of the ordinary appearance of this substance than the specimen 
from Marshfield. 

"I have finished the Vineyard green sand. It is very near the results of 
Turner. I washed the whole in water, poured off the light part, washed the 
remainder repeatedly, reserving the washing, which let fall a tine powder of 
a decided green tinge, feeling, when dry, under the pestle, like soapstone 
powder. The residuary quartzy grains were rejected, a few tine green parti
cles among them. The second portion alone, was taken as the best sample 
of coloring matter, and gave-

Water, 

Silica, 
Alumina, 
Oxide of lron, 
Lime, 
Magnesia, 
Manganese, traces, and loss. 

7.000 
56.700 
13.320 
20.100 

1.624 
1.176 
o.oso 

10-0.-

"The water and iron are nearly the same, the alumina the mean, and the 
silica about 6 per cent. more, than the analysis of Turner and Berthier. No 
doubt therefore it is a true green sand." 

The above analyses do not give the actual per cent. of this green substance 
in the soil where it is found, though it evidently cannot form a large propor
tion. But this is not necessary in order that very decidedly good effects 
should result from its use in Agriculture. The following extract from the 
report of Professor Henry D . Rogers, on the Geology of New Jersey, bears 
on this point as well as upon the general value of green sand in the cultiva
tion of the soil. 

" When we behold," says he, " a luxuriant harvest gathered from fields where the soil origin

ally was nothing but sand, and find it all due to the use of a mineral sparsely disseminated iu 

the sandy beach of the ocean, we must look with exulting admiration upon the benefits upon veg

etation, conferred by a few scattered granules of this unique and peculiar substance. The small 

amount of green sand dispersed through the common sand, is able, as we behold, to effect immeas-

IS 
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urable benefits in spite of a great predominance of the other niaterial which we arc taught to 
regard as by itself so generally prejudicial to fertility. This ought to exhibit an encouraging 
picture to those districts not directly within the limits of the marl tract, where some of the 
strata possess the green substance in sensible proportion. IL expands most materially the limits 
of the territory where marling may be introduced and points to many beds as fertilizing, v. hich 
otherwise would be deemed wholly inefficacious." 

In another place of his most valuable Report, Prof. Rogers says, that" Mr. \Voollcy manur
ed a piece of land in the proportion of two hundred loads of good stable manure to the acre, ap
plying upon an adjacent tract of the same soil his marl in the ratio of about twenty loads per 
acre. The crops, which were timothy and clover, were much the heaviest upon the section 
which had received the marl, and there was this additional fact greatly in favor of the fossil man
ure over the putrescent one, that the soil enriched by it was also entirely free of weeds, while 
the stable manure had rendered its own crop very foul." Placing the home value of the farm 
yard manure at one hundred cents for each two horse load, and that of the marl at twenty-five 
cents per load, we ha,~e the expense of manuring one acre 200 dollars, of marling the same 5 
dollars." "Land which had been sold at 2 1-2 dollars per acre, in consequence of the perman
ent increase in its fertility from the marl, is now worth 37 dollars the acre." 

There is one fact, however, that will throw a doubt over the probable utility of this substance 
in Massachusetts. By taking the average of eight very accurate analyses of the New Jersey 
green sand, as given by Prof. Rogers, we find that it contains 10 per cent. of potassa. Mr. 
Seybert's analysis gave nearly the same amount, and Mr. A. A. Hayes informs me that in two 
varieties analyzed by himself, he found 7 per cent. of dry oxide of potassium. But only a trace 
of potassa was found by Dr. Dana in the Massachusetts green sand, which, in this respect, com
pares with the English green sand analyzed by Prof. Turner. Now Prof. H. D. Rogers imputes 
the value of this substance in agriculture almost exclusively to the potassa which it contains; 
and no chemist will doubt but that this ingredient will exert a very salutary influence upon soil. 
Yet there are other ingredients in the green sand, which some will suppose may increase its fer
tilizing power. One of these is the protoxide of iron, whose quantity is large, and which Prof. 
William B. Rogers, of Virginia, supposes n1ay be of service, by its alkaline cha1acter, upon veg
etation. This view will receive confirmation by some facts and reasonings that will be present
ed when I come shortly to speak of the application of clay in agriculture. It is probable, also, 
that the lime and magnesia in the Massachusetts green sand, may aid in a similar way. That 
all the good effects of this substance upon soil in New Jersey cannot be imputed to the potassa, 
seems probable, from the fact that granite and gneiss contain quite as large a proportion of potas
sn, and when spread in a powdered or decomposing state upon the soil, ought, therefore, to fertil
ize as much as the green sand; especially as Mr. Hayes informs me that the New Jersey green 
sand "decomposes in nitric acid slowly, being less soluble than some feldspar.'' But there is 
no evidence that the good effects of the granite and gneiss are as great as those of the green 
sand; and hence we must call in the aid of some other ingredient to explain its fertilizing 
power. 

I do not, therefore, despair of our green sand in agriculture. It certainly deserves a fair trial, 
when we consider what a change this substance is producing in much of the poorest land in New 
Jersey and Virginia. It would be very easy to obtain an abundance of it at Gay Head, where it 
occurs in great quantities, towards the north end of the cliff. Or I doubt not but it may be 
found in many places along the coast in Barnstable and Plymouth counties, a few feet beneath 
the surface, in the lowest places. Very Jikely a little research may bring to light varieties that 
contain potassa; and should this be the case, the change that might thereby be produced in the 
agriculture of the south-east part of Massachusetts, can hardly be calculated. 
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After Dr. Dana had favored me with the analysis of the Green Sand of 
Massachusetts above given, it occurred to me, that as I took the specimens 
from near the surface, it was possible they might have lost their potassa by 
the action of atmospheric agents, and I accordingly visited Gay Head again, 
and obtained specimens at some depth from the surface. These I subjected 
to analysis, by the method recommended by Prof. Henry D. Rogers, in his 
Report on the Geology of New Jersey, p. 93. A portion of this sand (No. 
208) was washed three or four times, and the lighter part poured off. The 
residue consisted of grains of quartz and green sand : 30 grains of which 
yielded as follows: 

\.Yater, 2.70 

Silica, J9.80 

Proto.xicle of Iron, 5.80 

Alumina, 1.20 

Lime, 0.17 

Loss, 0.33 

30.00 

30 Grains of the washings, treated in the same manner, yielded. as follows: 

Water, 4.10 

Silica, 18.90 

Alumina, 2.20 

Protoxide of lron, 4.25 

Lime, 0.11 

Loss, 0.44 

30.00 

I could not discover a trace of potassa or magnesia. By visiting Gay 
Head, I ascertained that the stratum of green sand there has a northeasterly 
dip of about 40°; and thaj: measured horizontally on the beach, its thickness 
is about 50 feet ; so that the quantity is very great should it ever prove of 
any service. 

2. Clay. 

There is abupdant evidence that our common clays are of great value when 
spread upon land. I find that they have been used to a considerable extent 
in the state; so commonly, indeed, that I abandoned the idea I had formed 
of giving a detailed account of particular instances. So far as my inquiries 
have extended, the testimony is decided that our blue clays exert a very fa
vorable effect upon the soil. When spread upon sandy ground we might ex
pect that they would render it a better reservoir for salts and geine. But 
thoroughly to ameliorate our sandy soils in this way, requires far more clay 
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than is usually employed, and I am perfectly con\'inced that they exert other 
than a mechanical influence; that in fact, their effect is analogous to that of 
lime. I refer here to the blue clays which are far the most common. As to 
the white clay I have not learnt its effect upon the soil; but from the fertility 
of some of the soils in Kingston, Plymouth, and Barnstable, where white 
clay is mixed naturally with sand, I presume this sort is equally Yaluable 
with the blue. 

In view of the wide extent of our beds of clay, and the use that might be 
made of it upon land, I felt desirous to ascertain to what principle it owes its 
fertilizing powers; and therefore subjected a few specimens to analysis in 
the ordinary way by fusion with alkali. The following are the results. I 
omit however certain white clays, which I found destitute of iron, and there
fore probably not Yery likely to be of much value upon land. But for other 
purposes, of which I shall speak shortly, they are of a good deal of importance . 

.Bnalysis in the Dry way by .B/kali. 

No I LOCALITY. 

"· 

··1 
Northfield; blue. 

I 

10.8 "t"I"' 0.1 2.9 

140 Sunderland; light blue. 8.2 

<000 "l" 0.15 slight 0.4 
prcc 1p . 

142 Kingston; white. 

I 
3.5 71 00 1630 7 3 0 .30 do 0.3 1.3 

143 1 Lowell; white. 4.0 615212050 9 2 0.56 O.C6 0.44 3 .22 

I tried some of our blue clays also, for geine; but in general they yielded 
only very little, and perhaps none. For so strongly do they retain water, 
that not improbably all the loss, especially of soluble geine, might have been 
imputed to this substance, which had not been all expelled by a heat of 300° 
F. ; and then the peroxidation of the iron by ignition, renders this method 
of analysis quite uncertain. I, therefore, omit the results; only observing, 
that the amount of sulphate and phosphate of lime obtained, was about the 
same as in good soils. I therefore suspect that we must impute most of the 
good effects of clay as a manure to the large quantity of iron which it con
tains. On this point, however, I will present some suggestions of Dr. Dana, 
with which he has kindly favored me. 

"If we attempt," says he, "to account for the action of clay, inJepenclent 
of its amending a sanely soil, we should bear in mind that all our common 
clays contain more or less of sulphuret of iron. The conversion of this into 
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the persulphate of iron is the natural consequence of exposure: free sulphux
ic acid then results, which acts on any lime in the soil, forming sulphate of 
lime: (the Gay Head crystals of sulphate of lime are so formed:) so that by 
spreading clay, we spread plaster. The iron in clay also plays its part thus. 
It is evident from Chaptal's experiments, that protoxide of rron is not bene
ficial in agriculture. He attributes this to the oxidation of the rron, depriv
ing the plant of its intended oxygen. Nature is no niggard; nor is the rea
son of Chaptal very philosophical. We have seen above that protoxide of 
iron does not act on geine. Now by exposure, the protoxide becomes per
oxide; and then, I conceive begins an action similar to that of lime. If the 
free sulphuric acid, produced as we have supposed, finds not lime enough, it 
will decompose all earthy geates, and thus a fresh portion of nutriment is set 
at liberty. Both the effects of clay-the production of plaster and the for
mation of peroxide of iron, are speedily produced by burning the clay, as is 
often practised."* 

Still more recently, Dr. Dana adds the following: "Some facts have late
ly come under my eye, and have recalled others to mind, which I have fol
lowed up experimentally; all tending to show, that if iron peroxidates itself 
in contact with vegetable fibre, the texture of the vegetable fibre is weakened, 
and geine is produced, and that in ti few hours. It is daring tlte passage from 
protoxide to peroxide, that the ' saponifying ' action takes place, geine is pro
duced, and then combines with pitroxide." 

In the few analyses which I have given above of our clays, I have considered 
all the iron in them as existing in the state of protoxide; although I made no 
attempt to ascertain whether some of it might not be a peroxide. Very 
probably this may to some extent be the case: especially where the clay has 
a yellowish tinge. Yet for the most part, I doubt not it is a protoxide. A 
slight error here cannot affect the reasoning above presented. 

I hope our farmers will make more numerous and accurate experiments 
upon the use of clay as a manure; not merely upon sandy land, but follow
ing the suggestion of Dr. Dana, upon other soils, in the expectation that its 
action will be analogous to that of lime. Probably, the best clay for this 

*The agency of geine in the fermentntion of milnure is thus explained by Dr. Dana with his usual clear. 
ness nnd felicity. 

0 By fermenting dung vast volumes of ammonia are liberated. f do not think that it is the action of gasca 
11.11 such, which we want, or which nature intends as tood of plants to be derived from the soil. The air is 
alwaye full of all which the fermenting manure can supply in a gaseous form. The true actions of ammo
nia and carhonic acid resolve into their effects on geine. The ammonia combines as alkali with that, and 
thus it becomes very soluble, and the carbonic acid produces sur-salls of the earthy geates of lime and mag
nesia. It is thf'se, liberated the moment the plant demands them, which cause all the geine of the manure 
lobecomealcalinesolublegcates." 

11 Bow wide jg the influence of geine ! It not only enter:!' by itself into the food of vegetables but be 
comet the very solvent which nature bas prepared to act on the alkalies, earths and oxides, dissolving them 
as they are libernted from dc;composing grJDitic aand." 
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purpose occurs in the valley of Connecticut river; but it abounds in al
most every part of the state, and perhaps it may in a good measure supply 
the deficiency of lime. It will of comse require to be laid on in much 
greater quantity than marl, and probably, as in the case of marl, too much 
may be used. How much ought to be used is a fair subject for experiment. 

S. Decomposing Rocks that contain Feldspar. 

Feldspar and mica contain quite a large proportion of potassa ; a sub
stance well known to be valuable in agriculture. And these minerals con
stitute a large proportion of several of our most common rocks ; such as 
granite, sienite, greenstone, porphyry, gneiss, mica slate, and graywacke. 
Hence we might predict that these rocks, recently decomposed or reduced to 
fine powder, would form a good dressing for land; especially when we rec
collect that the same rocks contain a fair proportion of iron. Now some va
rieties of them are very liable to decomposition: and when partially crum
bled down, if ground in a plaster mill, they will be brought into a proper 
state for such a use. These suggestions, however, are more the result of 
theory than of actual experiment: although such a use of powdered rock has 
sometimes been made and found of value. Indeed, an example of the good 
effects of decomposing gneiss upon cultivation was pointed out to me in the 
south part of Athol: and No. 100 presents a specimen of this substance, ob
tained nearly a foot from the surface in a ploughed field, but not below the 
point to which geine had penetrated ; as appears from the analysis. Yet as 
this is insoluble it could not affect the vegetation but slightly. The salts of 
lime also are not in large proportion, and very probably its good effects, 
which were not represented as great, may have chiefly resulted from the lib
eration of potassa from the mica and feldspar. 

Now there is a great deal of partially decomposed rock in the formations 
of this State, which have been named above, and they constitute at present 
the most barren spots in our soils : because they are not reduced fine 
enough to form a good soil; or because they are too strongly impreg
nated with stimulating salts. Perhaps if spread over soils already contain
ing geine, they might operate favorably upon crops. At least, it seems to 
me there is so much plausibility in the theoretical suggestions above made 
that it would be desirable to make this experiment on a small scale, since it 
is so easy, even if it be necessary to reduce the crumbling rock to powder 
in a mill. In England decomposing trap rock is mixed with lime, and forms 
i. valuable dressing for land. De la Beche's Report on the Geology <if Corn
wall and Devon. p. 471. Those who have farms on the trap ranges of the 
valley of Connecticut river, would do well to try this experiment. 
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4. Hydrate of Silica. 

In describing our marls I have already referred to this substance, which 
is quite common beneath our pet.t bogs. In its purest state, as it exists in 
No. 157 from Spencer, it exceedingly resembles carbonate of Magnesia, in 
color, levity, and taste; although easily distinguished by chemical tests. 
When mixed with some vegetable matter, as in Nos.162, 170, and 171, from 
Barre, Andover, and West Bridgewater, its color is darker This is its 
most usual mode of occurrence : and I doubt not but it exists in considera
ble quantity in every town in the state. In addition to the localities named 
above, I have specimens from Manchester, Sturbridge, Fitchburg, \Vrentham, 
and Pelham. Usually it is found in layers only a few inches thick: but 
sometimes its quantity is much greater. Mr. Alonzo Gray of Andover, 
describes one bed in that place, as 17 feet in thickness, beneath a layer of 
peat from 2 to 6 feet, extending over an area of sixa acres. For one or two 
feet immediately beneath the peat at this spot, this peculiar substance is 
mixed with vegetable matter, and this is considered worth half as much as 
manure for land. It has been used somewhat extensively in this and other 
New England States as a fertilizer, and with decided benefit. With a view 
to ascertai.i what principle gives it value upon land, I subjected two speci
mens to analysis. The first was the pure white variety from Spencer, No. 
157, which afforded the following results in 100 parts, by fusion with 2 parts 
of carbonate of Soda and 3 parts of carbonate of potassa. 

W"ater, 
Silica, 
Alumina, 

Peroxide of Iron, 
Lime, 
Magnesia, 
Manganese and loss, 

12.00 
S!.14 

5.61 
o.59 
0.12 
0.24 
0.30 

100.00 

A specimen from Barre (No. 169) gave the following results. 

Water, 12.00 

Organic Matter, 3 .0 

Silica, 66.42 

Alumina, 9.40 

Peroxide of Iron, 6.ll 

Lime, 1.01 

Magnesia, 1.41 

Loss, 0.65 

100.00 
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From these analyses we perceive that this substance is e~scntially compos
ed of silica and water; and is hence, in scientific language a h y<lrate of 
silica. The specimen from Spencer did not change its color when ignited, 
and therefore contains no organic matter, either vegetable or animal : but 
that from Barre became black when strong~y heated ; showing the presence 
of such matter. Assuming the water to be the same as in the Spencer 
specimen, I hence determine the amount of organic matter to be S per 
cent. 

From these analyses we can discover only two circumstances that can 
give this substance value as a manure: the first is, the presence of organic 
matter, probably in a very favorable state for promoting the growth of veg
etables; the second is its remarkable hygrometric properties, which might 
make it especially valuable upon dry soil, or in time of drought. The lat
ter of these properties only, can give any value to the Spencer specimen. 
But since the publication of my report of 1838, I have ascertained the as
tonishing fact, that the siliceous part of this substance is made up entirely of 
the shields or skeletons of animalculre, that once lived and died in the wa
ters from which it was deposited!* And perhaps in this fact we may see an
other cause for the fertilizing power possessed by it. It may be that some 
of the soft animal matter, that once covered these skeleton~, still remains for 
the nourishment of plants. At any rate, it must henceforth possess a high 
degree of scientific interest. But this is not the place to discuss the sub
ject in that light. 

If it be desirable to give this substance a Jess technical name, than the 
chemical one prefixed to this article, it will be very proper to denominate it 
Siliceous Marl. 

III. NATURAL SOURCES OF GEINE, OR VEGETABLE NUTRIMENT, IN 

MASSACHUSETTS. 

Having now pointed out the situation and value, so far as known, of all 
the calcareous deposites in the State that can be applied to agriculture, and 
of other substances whose action on soils is somewhat analogous to that of 
lime, the next grand inquiry is, whether there are any sources in the earth 
from which additional quantities of geine can be obtained, or matters con
vertible into geine. I pass by the whole list of common manures, presum
ing that they will be fully discussed by the Agricultural Surveyor. And I 

• We are indebted to Prof. Bailey of West Point for hllving first ascertained that lhe Hydrate of Silic11. 
in this country beneath our peat bogs, is C(\nstitutcd of the remains of animalculre: a discovery of very 
great interest to Geology. See Jlmtrican Journal. of Scitnce, Vol, 1. p.118. 
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shall merely notice the natural sources of vegetable nutriment within our 
limits. 

I. Peat and .Mud Swamps. 

The peat and muck mud swamps of New England have become a vast 
repository of organic matter, which is, and has been, for ages increasing. hl 
addition to the larger vegetables, which, as they die, fall and are enveloped 
in the soft matter on which they grew, there is a thick mat of moss, which 
~specially the sphagnum-continues to flourish at the upper part while 
the lower part dies and decays. In favorable circumstances as to wet and 
temperature, this mass of vegetable matter becomes converted into peat. 
Only a small part, however, of what is accumulated, becomes peat of such 
a character that it answers well for fuel. Often it is too much mixed with 
mud to be easily burnt, and sometimes the vegetable fibre is scarcely chang
ed. Yet the whole of it is capable of being converted into vegetable nu
triment. And I am convinced, from all that I have seen and heard, 
that Massachusetts contains enough of this geine and vegetable fibre in 
her swamps, to render all her fields fertile for centuries. In other 
words, here is an exhaustless source of geine. Some of it is alrea
dy in a soluble state; and therefore the black matter from swamps, is rare
ly spread upon soils without producing some benefit. Yet for the most part 
the geine is in such a state as to require some chemical change before it 
will become soluble nutriment, .fit to be absorbed by roots. It is an impor
tant inquiry then, what is the best mode of accomplishing this change. 
This has been attempted, first, by mixing the peaty matter with good ma
nure in alternating layers, and suffering them to ferment for a long time, the 
peat being in much the greatest quantity: Secondly, by mixing it in a sim
ilar m'umer with lime; or with lime and manure: and thirdly, by mixing it 
with alkali, or some compound containing alkali. The principles respect
ing geine which have been advanced in this Report, will probably enable us 
to decide as to the preference to be given to any one of these methods. 
And here I have it in my power to give the opinion of Dr. Dana, whose re
marks I am always happy to substitute for my own, on a subject with which 
he is so familiar, and which he has done so much to elucidate. 

" The fact," says he, "that peat or turf is very soluble in alkali, seems 
not to be known among our farmers. The usual practice of mixing lime 
with peat or turf is decidedly the worst which can be followed. The geine 
which constitutes a large part of peat bogs, forms with lime a compound lit
tle soluble in water, requiring at least 2000 parts of water to one of geate of 
lime: and if the compound has been dryed and sun-baked, a still larger por-

14 
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tion of water is required: it becomes, in truth, almost insoluble. With al
umina, geine forms a compound still more insoluble than with lime; and 
though the vegetable matter in combination with these earthy base~, is actu
ally absorbed by the roots of growing plants, still the gcine is in a state 
much less favorable than when in combination with alkali. Mix ley of 
wood ashes with peat, and we form a dark brown vegetable solution : the al
kaline properties are completely neutralized by the gcine, and very often 
ammonia escapes from turf when treated hy caustic alkali. When we add, 
that this geine absorbs and retains nearly its own weight of water without 
seeming moist, it is evident, that with the use of ley or wood ashes, the val
ue of peat as a manure will be much increased." 

Dr. Andrew Kichols of Danvers, ha\•ing hacl his attention called to the subject by Dr. Dana's 

remarks in my Report of 1938, performed some interesting experiments with peat mud and al

kali in 1839, according to the preceeding suggestions of Dr. Dana. He made use of ashes and 

potassa; mixing them 'vi th the mud, anJ applying the ~ompound, both in a dry and a liquid 

state, UPoD Indian corn, barley, and onions. So striking was the effect, most so upon the onions, 

that the committee of the Agricultural Socioty of Essex County awarded to Dr. Nichols a pre· 

mium of 20 dollars. For the details of this case see the Transactions of the Essex Cou11ty .Ag
ricultural Socitly for 1839, p. 35. 

In the northeasl part of Amherst, Mr. King has a farm underlaid by coarse granite, which 

has prove<l as productive as any in the region : and 1 find that. he makes little use of manure: 

but employs the muck mud from a peat swamp. And he usually spreads it over his land di rec~ 

Iy from the swamp. But he finds that he must me that which lies two or three feet below the 

Burface, and which has a reddish tinge; and this is fully equal to the s;imc amount of manure: 

lie says that this, when exposed for some time to the air, becomes covered with an efflorescence 

some sort of salt. Probably this fact may explain in part why mud 1s l>lst, which is dug from 
the depth of a few feet. 

From these facts may not the farmer derive some '\'aluab]e hints? May he not find that gen

erally, the lower portion of the muck in his swamp, is in a fit state to be spread at once upon 

his land; without the trouble of forming with it a compost? 

The two principal ingredients of peat are soluble and insoluble geine. It 
often contains also undecomposed vegetable fibre, more or less of earthy 
matter, and various salts; such as sulphate and phosphate of lime, sulphate 
of iron, and sometimes free acid, empyreumatic oil, and different gases. 
Klaproth has given the following analysis of peat from Mansfeld in Ger-
many. 

Carbon, 
Siliceous Sand, 
Alumina, 
Lime, 
Sulphate of Lime, 
Peroxide oC iron, 

'Vater charged with p) roligneous acid, 
Empyreumatic oil, 
Carbonic Acid, 

Oxide of Carbon, 

20.0 
125 
6.5 
4.0 
2.5 
1 0 

12 0 
30.0 

5.0 
12.5 
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See Dumas' Chemie .fi.pplique aux .!lrts. Tome Premier p. 592. " 'Ve 
might be tempted to believe," says Dumas, "from the above analysis, that 
peat differs little from wood: But the essays of Klaproth do not leave any 
doubt but that nearly all the combustible parts of peat are genuine ulm

ine; (geine) a result confirmed by the recent experiments of Braconnot on 
the peat of France." 

Three specimens of the peat of Massachusetts, analyzed by the rules of 
Dr. Dana for soils, yielded the following results. 

No I 
I I I 

'o 

I 

'o 

I 
LOCALITY. ~ ~ p ] e 

.! ~ ! ;:3 

lss:I Sunderland, 

I 
2600 

I 
5960 

I I 
I 

~.20 

Hadley, 3400 6000 1.36 

1556[ Westborough. 4880 4360 1.88 0.12 I 5.60 

It ought perhaps to be mentioned, that I found it impossible to heat these 
specimens as high as 300" before proceeding to their analysis, because they 
would take fire below that temperature. I therefore heated them only to 
200." 

As the black mud found in numerous swamps, which can hardly be called 
peat, differs from peat in its composition chiefly by the greater and uncertain 
amount of earthy matter which it contains, I did not consider it important to 
subject it to analysis. Enough has been given to show that the chief desid
eratum in Massachusetts, is not in the amount of vegetable nutriment which 
her swamps contain, but how best to bring it into a state proper to be taken 
up by the organs of plants. Undoubtedly Dr. Dana has pointed out the 
best method by the use of alkali: But when ashes cannot be procured, 
probably quicklime, mixed with barn yard manure and peat, or muck mud, 
may be a tolerable substitute: especially where any free acid exists in the 
peat that needs to be neutralized. In any case exposure to the alternations 
of heat and cold, dryness and moisture, is very important: except perhaps 
where the mud contains valuable soluble salts which would thus be washed 

away. 
A substance very hostile to vegetation is sometimes found in our peat 

and mud swamps, viz. sulphate of iron, or copperas. I have met with it, 
however, in only one place in l\Iassachusetts; and that was in Ilubbards
ton on land of Willard Earl. The specimen sent me, however, contained 
only about 0.1 per cent. of sulphate of iron; yet it was sufficient to prevent 

the growth of any vegetable on the spot. But as this salt is soluble in water, 
most of it might have been extracted by rain from the specimen which I 
analyzed. 
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The antidote for sulphate of iron is lime. This not only destroys the 
copperas, hut converts it into sulphate of lime, or gypsum, which is well 
known as one of the best fertilizers of a soil. But it is not probable that 
much of the soil of Massachusetts contains the sulphate of iron. It will be 
most likely to occur in the low lands, on a belt of country a few miles wide, 
extending north and south across 'Vorcester County, on each side of the 
meridian of Hubbardston. On that belt the rocks and the soil often exhibit 
the color of iron rust, and this results from the decomposition of sulphuret of 
iron, whereby more or less of the sulphate of iron is produce<l. But as this 
is soluble in water, it will soon be either drained off or carried to the lowest 
spots. 

2. Geic Compound. (.!lpothemite.) 

On the farm of Col. Moulton, in the south-west part of Newbury, seven 
miles from Newburyport, occurs a peculiar substance, which, at first view, 
is pronounced to be a sort of peat; but on applying heat, it is found to be 
something quite different. Its color is a deep brown, hardly to be distin
guished, when in mass, from black. ·when wet, it is soft and unctuous, and 
exhibits some degree of elasticity; when sun dried, it becomes quite hard, 
and receives a polish from hard substances Before the blow-pipe, the col
oring matter disappears and a white enamel is formed. From an accurate 
and very satisfactory analysis which Dr. Dana has made of this substance, it 
appears, so far as I know, to be a new and undescribed compound. His 
analysis is as follows: 

Water, 13.503 
Geine, 19.625 
Silica, 36.908 
Alumina, 19.197 

Peroxide of Iron, 8.826 
Sulphate of Liine, 1.542 
1\Iagnesia, .402 

Specific Gravity, 2.08 100 . 

. "The earths and oxides," he r~marks, " are such as we might expect from the decomposi
tion of trap or greenstone : the geme, I presume, has been gradually deposited from the solution 
of vegetable matter in water. It has precipitated chiefly in combination with peroxide of iron 

forming pergeafe of iron. The sulphate of lime is doubtless derived from vegcbble dccomposi~ 
t~on. It ent~rs largely ~nto the composition of th: grasses; and all our waters, whether of ponds, 
nvers, or springs, contain, so far as I have examined, traces of sulphate of lime. The black col

o:ing matt~r, or geine~ is rea~ily soluble in carbonated or caustic alkali: and keeping this fact in 
view, I thmk that, mixed with 'vood ashes, the above substanee will form a very valuable ma
nure, particularly where the soil is light and sandy." 

This gei.c compound al1he locality above named, forms a layer from six to eight inches thick, 

and sometimes more, over several acres of a deep, basin-shaped cavity, which is nevertheless 
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dry enough to plough. It did not seem to exert any fertilizing effect upon the soil in that 
place, but ralher the reverse, though on this point I made no inquiries. But probably the geine 
is too strongly bound to the iron and alumina to be given up without the action of an alkali. Dr. 
Anthony Jones of Newburyport informs me, that he knows of two other places where this sub
stance is found; one of which is on the north side of Merrimack river in Amesbury. Indeed 
there is every reason to believe, that it will be found in many places in Essex county, where 
sicnite prevails, and it may therefore, become an object of no small interest in agriculture. 

The a3tonishing power of this substance to absorb water, may be learnt from the !act, that 
while 100 grains of no soil absorbed, in 24 hours, quite seven grains, 100 grains of this com
pound absorbed 19.1 grains. This fact shows us that the absorbing power of soils depends much 
more upon the quantity of ge ine which they contain, than upon any other ingredient. 

Use of this Substance as a Paint. 

Thi.s geic compound, with no other preparation than that of drying, has been employed as a 
paint, mixed with oil. It is said to answer a good purpose; and at Col. Moulton's 1 saw some 
wood-wor;c covered with it, which appeared well. The color is so deep a brown that it passes 
very well for black. 

It answers, also, as a water cclor, on paper. By simply grinding it in water and using it fora 
landscape, the color could hardly be distinguished from that called sepia. Through the kindness 
of John Tappan, Esq., of Boston, I obtained the following opinion respecting this substance, of a 
distinguished manufacturer of water colors in New York, to whom it was sent in a crude state, 
with no information respecting its naturn or origin. By simply suspending it in water, it will be 
easy to obtain a much more delicate variety fl>r the purpose of painting: and as it will probably 
be found of different shades of color at different localities, it may perhaps be an object to perform 
some experiments of this sort; for it may pruve that it will be more valuable as a paint, than in 
Agricultme. 

"The samp!c of color," says the manufacturer, "which appears to be a variety of lignite, 
might probably be of some use, as a deep brown color, for common purposes; but does not ap
pear to have any extraordinary richness or body. lt is not sufficiently brou:n, for either sepia or 
coloi;ne earth, (or vandykc brown), and it is too brown to be sold for black. But if it could be 
sold quite low, it might come into use for a brown black, or deep brown." 

For this geic compound, which appears to be well characterised, Dr. Dana has suggested the 
appropriate name, Apothemite: apotheme being the term applied by Berzelius to a deposit? of 
geine, &c. in vegetable solutions. 

JV. SUBSTANCES YIELDING BOTH GEINE AND SALTS. 

I. Marsh Mud. 

I shall delay for a short time upon two other substances, abundant in the 
state, which may be of no small use in improving our soils, by affording both 
geine and salts. 

Every intelligent farmer probably knows, that Marsh Mud forms an ex
cellent manure; although I apprehend it is employed far less than its value 
demands. An intelligent farmer in Maryland states, that he "deems it more 
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valuable than barn-yard manure;" and that "it never failed in any applica
tion he had made of it." He also prefers it to marl, because "it is more ac
cessible, its effects are quicker and much more can be done in the way of im
provement for the same money." At the same time he confesses, that the 
permanent advantages of marl are much greater; and thinks that marl and 
marsh mud will both be improved by combination."* This last remark ap
pears still more important, when we ascertain what it is that gives an agri
cultural value to this substance. The fact is, it sometimes contains a large 
quantity of geine, and sometimes but little, while the quantity of the salts of 
lime, soda, and magnesia, is rather large ; so that sometimes a mixture of marl 
will be of service, and sometimes not. The following analysis of a few speci
mens of marsh mud, both in the ordinary way and by Dr. Dana's method, will 
show us, I think, what it is that constitutes its fertilizing power, and afford 
some useful hints as to its application . 

No I 

1351 
136 

No. I 
1341 
1351 
136 

./lnalysis in the dry way by ./llkali. 

LOCALITY. 

Newburyport, 

Medford, 

0.2 , 0.3 

0.6 2.1 

./lnalysis by Dr. Dana's Method. 

LOCALITY. 

Cambridge, 

.Newburyport, 

Mt>dford. 1

1

:: I 0 1 
1

1 

: : I : : I :: ~ I : :: 
5 6 26 0 3 64 0 1 92 

A substance so rich in geine, or salts of lime and soda, or in both, as the above analyses show, 
cannot but prove a fertilizer of the soil if spread upon it. If a soil be quite poor, those varieties 
of mud should probably be chosen that contain the most geine ; and this can be judged of by their 
comparative lightness when dry; the lightest abounding most in organic matter. But if the soil al
ready conlain a good deal of inactive vegetable matter, the varieties that abound most in salts 
will probably be most efficacious; though an additional quantity of geinc can do no harm, and 
may do much good. If marsh mud be applied at random, it is not strange that varieties of it, 
almost destitute of geine, should be sometimes pt;l upon exhausted soil, and that no good effects 
s:iould follow. Hence the necessity of some fixed principles to guide the farmer. And since 
Massachusetts contains so much sea board, and so much land near the coast that may be benefited 
by this substance, a correct mode of applying it is of gre-et importance . 

.. Farmer's Register, July 1834; p. 93. 
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2. .Muck Sand. 

As this substance has never been proposed for use in agriculture, it will be necessary lo state 

the circumstances that have led me to bring it forward in this place. 

Ten or twelve years ago, Luther Root Es1., had occasion to dig a well in his garden in Sun. 

derland, where he then resided. This was only eighty rods from Connecticut river, and the land 

there is alluvial to the depth of more than twenty feet. Near the botlorn the excavation passed 

through a thick stratum of what is usually called quicksand, and which on being fhrown 

out emitted a strong odor of sulphuretted hydrogen. ll not being convenient to remove all this 

earth, it was spread upon a considerable part of the garden, which was a good soil and always 

well manured. He was warned against doing this, lest it should ruin his garden, and he thinks 
the quantity spread was not greater than a good coat of manure. The part thus covered was 

mostly planteJ with watermelons and other vines: and, instead of injuring the spot, it produced 
so great an increase of fertility as to astonish himself and his neighbors, and to lead them to 

search the banks of the river and low places for a similar substance. The good effects continued 
for two years, and afterwards declined, so that in a year or two the land thus treated was not 

better than the other parts of the garden. 
Sennteeu or eighteen years ago, Mr. Rufus Rice bad occasion to dig a we11 on his farm in 

South Deerfield ; and after passing through six feet from the surface, he struck upon what he 

describes as quicksand, though dry at the time he dug it, and probably mixed\\ ith clay. He 

represents the substance dug out when wet to be alma.st as much disposed to flow as water, and 

that it was very difficult so to wall up a well with stones that this sand would not pass through 

nnd fill it. He describes it also as giving out a strong odor, and a small quantity which he show
ed me, that had lain for fifteen years, still retai11f"d that odor, and appeared to be identical with 

the 11/uck Sands to be described in this Report. Wishing to remove the sand thus thrown from 
a well twenty~two feel deep, and hm•ing understood that the effect of a change of soil was good, 

he carted five loads, after it l1ad lain exposed for a year, upon a piece of plowing, spreading it 

about as thick as a good coat of manure. This wa3 in the autumn j and the next spring the 

whole piece was planted wilh Indian corn, after having been manured in the hill. But that part 

of the field, which had recei,·ed the muck ~and, soon began to show a much more thrifty growth 

than the other, and yielded a greater crop. From that time to the present, corn, oats and clover, 
have been the rotation of crops every three years, except that two crops of rye ha,·e been raised 

upon it, and whenever it was manured, all parts were spread over alike. And even up to the 

present time, the part on which the muck sand was spread, seventeen years ago, continues to 

show decidedly more fertility than the other part. l saw this difference in the autumn of 1837, 

in the crop of Indian corn then growing, and it was considerable. 
A few rods from the spot where the well above noticed was dug, another had been excavated 

three years previously, to the depth of eighty feet, and a large quantity of the muck sand, with 

perhaps some clay, lay up~n the surface; although the well itself had been filled by the caving 

of the sides. l\fr. Rice carried from five to ten loads of this upon a spot of dry mowing, which 

had almost ceased to produce grass. It was spread about as thick as a good coat of manure, but 

with no mixture of manure, some time in June. On the first crop of grass that year it produc

<'d no efi'ect, and there was not enough grass to be worth gathering. But the second crop was a 

very heavy one, ~ind consisted mainly of clover which had preYiously disappeared. The next year 

the first crop was equally good, the second not so large, though better than middling. Jn subsequent 

years the good effects became less and less obvious: but they were visible at least ten years. 

The facts communicated to me by Mr. Root (those respecting Mr. Rice's experiments l did 
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not learo till somewhat later) seemed to furnish a clue t':iat might lead to results of considerable 

importance. 
But the substance that produced such effects upon the soil had all disappeared from the sur:ace, 

and could not be obtained from the wells. It occurred to me, however, that the same stratum 

must extend from Sunderland village to Connecticut river; and that its outcrop might be found 

then~, as the banks are more than twenty feet high. A gentleman acquainted with the substance 

accompanied me thither; and we soon found a stratum of sand several feet thick, which he re

cognized at once as identical with that dug from the well. Having seen it in one place, I was 

able to trace it in others. I examined the banks of Connecticut river across the whole state; 

and wherever they are alluvial, I almost uniformly found this stratum from ten to twenty feet 
below the general surface. I traced it, also, in many places, in the banks of the Housatonic 

and Merrima-c, the Deerfield and Westfield rivers, and indeed on almost every stream large 

enough to form much alluvial deposition. On the small streams its depth beneath the surface and 

its thickness are less. But its leading characters are alike, and somewhat peculiar: and as they 

made it easy for me to find the stratum, I think I can point them out so that others will be able 

to recognise it. 

The specimens of this substance in the State Collection (Nos. 126, 127, 
128, 129, ISO, ISI, 132, 133,) convey but an imperfect idea of its appear
ance in its native situation, where it is almost always very wet, and gener
ally exhibits a slightly greenish tinge, though perhaps this results from its 
mechaniCal rather than its chemical characters. In the banks of our streams, 
this stratum is the first one from the surface that arrests the water in its de
'llcent into the earth : and hence water is seen oozing out from it in almost 
every place. It frequently lies immediately above a stratum of gravel. It 
is also remarkable for its yielding nature when wet: it being easy to run a 
pole severa1 feet into it, and unless covered with turf, a man in walking over 
it will sink into it several inches. The cause of its arresting water in its de
'Scent, and also of the extreme mobility of its particles among themselves, is 
:probably chiefly dependent upon the fineness of its texture, and the form of 
its particles, rather than upon its chemical composition. When an attempt 
is made to dig into it with a spade, or trowel, it conducts very much like 
soft suet. And yet its composition is decidedly sandy: and therefore I call 
it muck sand, although it generally goes by the name of quick sand. 

Another important character is, that when fresh dug, this substance almost 
invariably gives out the odor of sulphuretted hydrogen: that is, an odor con
siderably resembling that of a gun barrel which has been fired repeatedly 
with gunpowder. Very frequently, also, there is seen oozing from it a red
dish matter of the color of iron rust, and which indeed is the oxide of iron 
proceeding probably from the decomposition of the sulphuret of iron, whereb; 
the sulphuretted hydrogen is produced. I am inclined to believe that the 
odor of the sulphuretted hydrogen is so connected with its fertilizing pro
perties, that I doubt whether any sand, not giving it out, will prove effica
cious. 
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It should also be mentioned, that vegetable matter, even sometimes in the stale of fibre, 
is generally present in the muck sand. lndeed, it seems to be the only stratum, which I 
have found deep in the earth, that contains much organic matter. 1n short, it does not differ, so 
far as I can ascertain, from the rich deposites of mud and vegetable matter, that are now often 
formed by our streams at high water~ except that it has been for a long period in the earth, and 
thus many important chemical changes have taken place in it, and it has also been the recipient 
of all the soluble matter, which has percolated from the strata above, but which this stratum has 
arrested. 

These remarks will I trust not only enable others to identify this substance, but will form also 
the groundwork of a theory that will explain its fertilizing power. This, however, will be better 
understood when I shall have presented analyses of several specimens by both the methods de· 
scribed in this report. 

.Bnalysis by .Blkali. 

No. I LOCALITY. 

126 1 Sunde<lnnd, 

I 
3.8 

: 

3.5 64.01 15.03 12.04 10.JO 
1.16! 0.10 I 026 

130 Sheffield, 2.0 2.0 70.68 11.61 10.10 0.80 1.63 0.15 1.03 

132 [ Amherst, 

I 
4.0 5.0 64.34 t:l-.5 12.00 0.06 O.!)() 0.20 

133 1 Leominster, 1.5 
I 

0.5 73.31 14.25 8. 14 1 1.00 
I 

0.10 / J.2 

I have been favored, also, with the following analysis of the muck sand 
(No. 129) from Hadley, by Dr. Dana.-100 grains, after ignition to drive off 
the water and organic matters, yielded, 

Silica, 
Alumina, 
Oxide of iron, 
Lime, with some sulphate of lime, 
Magnesia, 
Traces of manganese and potassa, and loss, 

15 

71.008 
IG.706 
6.202 
3.336 
J.552 
1.196 

JOO. 
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.flnalysis by Dr. Dana's Method. 

··I LOCALITY. 

1261 Sunderland 1 Ct. River, 

I .. I 
3.0 1.0 

I 
0.9 .. I 

'" i 

2.1 

I 
42 

127 Bradford, Merrimack River, 0.8 31 0.6 0.7 94.8 2.48 1.8 36 

128 W. Springfield, Ct. River. 

I 
4.1 0.2 3.0 92.2 5.68 ) .5 

129 Hadley, Fort River, 2.9 3.2 1.4 0.3 92.~ 2.60 1.9 38 

130 Sheffield, Houaatonic River, 

I 

LOI 2.1 1.9 0.2 94.8 

oru I 1.4 28 

131 Northfield, Ct. River, 191 1.8 1.2 0.2 94.9 2.46 1.0 20 

132 Amherat1 Fort River, 6.3 0.0 1.2 0.7 91.8 2.39 

1331 Leomineter, I 
0.4 2.3 LO 0.5 95.8 2.68 I 0.4 8 

The specific gravities given above show that in general the density of these muck sands is 
greater than that of most of our soils, as we might expect from the fact that they are very sandy. 
The two last columns show that their power of absorbing water is small ; which result also we 
should expect for the same reason. The power of these muck sands to retain water, we should 
rather expect a priori might be considegible and of some service in agriculture. So far as the 
trials which I have made enable me to judge, they favor this presumption, though they do not 
jndicate any remarkable retaining power. Thus, on the 20th. of January, 183S, 200 grains of the 
following soils and muck sands, with 100 grains of water added, were exposed three hours to 
the sun, from 11 to 2 o'clock, clear, and wind westerly ; and they lost as follows : 

No . . ;'-__ I Lo ... II No., ___ /~ 

1~11~1 
3 Alluvial Soil 1 

4 do 
5 do 
6 do 
7 do 

15 DiluvialArgil. 
16 do 
18 do sandy, 
20 do do 
23 Sandstone Soil, 
24 do 
26 do 
Z7 Graywacke Soil, 
30 do 
3l do 

69.4 115 

~! jl' ml 66.7 121 

I 
~~:~ 1 1~ I 68.0 130 

I ~:! II ml 56.3 135 

558 II 136 

Sienite Soil, 
do 
do 
do 
do 

Porphyry Soil 1 
Greenstone Soil, 
Muck Sand, 

do 
do 
do 
do 

Marsh Mud, 
do 
do 

54.4 gn. 
66.8 
57.6 
61.0 
63.6 
66."l 
64.1 
50.0 
50.1 
51.4 
56.2 
47.l 
51.0 
52.9 
51.9 

By referring to the general Table of experiments in June 1839, upon the power of soils to re
tain water, it will be seen that the few muck sands there given (No. 127, 128, 129, and 130) 
show a power rather greater than the average. 
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From the water in which some of the muck sand from Sunderland had been boiled, pure am .. 
monill., as well as carbonate of ammonia and phosphate of soda, threw down slight precipitates. 
Hence I infer the existence of some soluble salt of magnesia, probably the sulphate. But in no 
other specimen did any such result follow the application of these tests. The proper tests, how
ever, detected in them all sulphate of lime about in the same quantity as in most of the soils. 
Jts amount may be seen in the table of analysis of the muck sands by alkali. 

The preceding analyses appear to me to show that there is no single ingredient in these muck 
sands that will explain their fertilizing power. But there are several circumstances that proba
bly conspire to such a result. Most of them contain a considerable amount of soluble geine, as 
well as of the sulphate and phosphate of lime; and J ought to remark in respect to some of them, 
that they were obtained in places which are exposed to the action of water a considerable part of 
the time, which may have abstracted a portion of the salts and the geine ; as 1 took them from 
a few inches below the surface. This was the case with the specimens from Northfield, Brad
ford, and Sheffield. The others were ohtained at a greater depth from the surface. That, for 
instance, from Amherst, which yielded so large a proportion of soluble geine, was taken from an 
excavation just made several foet deep. This circumstanc~ should be kept in mind, if any of our 
farmers should think it best to make any trial of this substance. J hope they will take care to dig 
to a considerable depth to obtain it, although I should presume that two or three feet would be 
sufficient where the muck sand shows itself on the banks of streams; and yet the const~mt per
colation of water from this stratum may carry off some of the fertilizing matters from I know 
not how great a horizontal distance. 

It should not be forgotten that the muck sand is the first water beari119 stratum, we meet in 
descending from the surface. Consequently if any soluble salts of potassa, soda, or other fertil
izing substance, should be carried down by water, percolating through the mere porous layers 
above, they would be found in this stratum, and very probably this circumstance is important 
in helping us to explain the salutary effect of muck sand upon vegetation. 

Jn addition to the above circumstances, it ought to be borne in mind that this muck sand, on 
account of the minute division of its parts, is in the best possible state for enabling the roots of 
plants to act upon and absorb nutriment. Nor should it be forgotten, that in all cases when fresh 
duJ;, these sands give off the odor of sulphuretted hydrogen; which probably proceeds from the 
decomposition of sulphuret of iron, or some alkaline fulphuret, by the free sulphuric acid formed 
in the manner described by Dr. Dana, in giving a theory of the action of clays in agriculture. 
Very probably this sulphuret of iron may act an important part in fertilization by these muck 
sand~; and hence it is desirable not to use any, certainly in early experiments, which does not 
emit the odor above named. 

These considerations, with the facts that have been detailed, excite a hope that this muck sand 
may prove an article of no small value as a manure. The specimen from Leominister, however, 
given in the preceding table, should be noticed as deficient in some points, which, according to the 
preceding views, are important. It has little if any soluble geine, and the salts are in small pro
portion. That specimen was received from Mr. Sewall Richardson, who says that it was taken 
seven feet below lhe surface, and that it has been dug three years, and exposed to atmospheric 
agencies. It may, therefore, have lost some of its fertilizing properties. Yet be says, "for the 
last four years I have applied it as manure on dry land, and find that it produces a good effect. 
One quart, applied to a hill of potatoes before hoeing, seems to prevent the effects of drought 
on the driest of our plains, and makes them yield potatoes equal to the best of our land.,, He 
says, also, that" it has as much effect on the skin, when first dug and dryed, by handling it, as 
lime, or ashei." 1t was in consequence of these statements that I .subjected this specimen to 
analy.si~ ; although it bears but little resemblance to the muck sands in general. 

Since my attention was first called to this substance by the facts that have been detailed, I 
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have heard so rnanv statements of the striking effects produced upon vegetation by matters <lug 
out of wells and -other excavations, that I feel more and more con\'inced here is a source 
of fertilization for soils that has been hitherto overlooked, and which may prove of import:rnt ben
efit. I do not give these facts in detail, because J cannot identify the substances used '' ith muck 
sand. Jndeed, I am not wilhout suspicion that my description of muck sand must be consiJerably 
enlarged to embrace all the subterranean deposites which act in a similar manner. Perhaps neith
er its mechanical nor chemical constitution is of any great importance, and that any subterranean 
deposite may be found to possess fertilizing properties, which has become the rcserroir of the 
soluble matters that have penetrated from the surface. 

When one has proceeded so far towards the extemity of Cape Cod, as to jutlge from the land
scape around him that he has got almost beyond the region of vegetation, his attention is sud
denly arrested by one or two excellent farms in the northern part of Truro, belonging to the Mr. 
S;nall : which having passed, he sees scarcely anything more of cultivation to the end of the 
Cape. On examination of the cliffs near Mr. Small's on the northPastPrn or Atlantic shore, he will 
find strata of blue or greenish clay. This clay appears to me to be only a variety of the muck 
sand that has been described; or at least, where It is washed down by the rains, it becomes muck 
sand: And this fact explains the fertility of this oasis. Nor can there be any doubt, but if this 
clay bank could be mixed with the sand in the surrounding region, it would form a soil of superi
or character. At present, however, the cliff is of difficult access, having long been exposed to 
the buffetings of the wide Atlantic. But the clay extends as a subsoil over the whole of the 
farms above described: and by digging a few feet, it might be obtained. The time will come, I 
doubt not, when this clay bank will be thus rmployed. 

The wide diffusion of this muck sand in the state, makes memore desirous of having it tested. 
I have already remarked that it may be found on the banks of all our streams, which have de
posited alluvium. And I doubt not it may be found in most swamps; especially those that are 
underlaid by clay. From the banks of rivers it might be carted at a ·season of the year when 
the water is low, since the stratum usually 1ies but little above low water m:uk: and from other 
places excavated on purpose, it might be obtained at almost any season. Should only a small part 
of the fertilizing effect result from its use generally, which the facts detailed would lead us to ex
pect, 1 should still feel amply repaid for my labor devoted to the subject. 

Beneath the vegetable matter in most of our swamps, there is a fine sand, quite analagous in 
appearance to the muck sand that has been described : an<l from some facts that have come to 
my knowledge, I suspect that this possesses., in part, at least, the fertilizing character of the 
muck sand. It probably contains some soluble geine and salts of lime, and sometimes gives off 
the odor of sulphuretted hydrogen; though perhaps this may result from decayed vegetables, 
as these sometimes emit an odor resembling that gas. I apprehend that this sane! may be found 
often to possess enough of a fertilizing character to be profitably employed upon land. Benjamin 
Hobart Esq., of Abington, informs me, that in consequence of my remarks upon muck sand in 
my Report of 1838, he was led to try what he supposed to be that substance, obtaiued from be. 
neath a mud swamp. He spread about as much of it as a good dressing of manure upon 10 or 12 
acres of grass, and the effect in 1839 was very decided in increasing the amount of h:ly. I am 
uoable, however, to give further details. 

S. Deposits from Rivers. 

Dr. S. L. Dana has furnished me with an extremely interesting com
munication on this subject, which I shall give in his own words: and which 
needs no recommendation of mine to engage the attention of the man of 
scie11ce, as well as the practical agriculturist. 
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Lowell, Dec. 18, 1839. 

DEAR Srn :-I send you my remarks on the matter, suspended, or dissolved, in the waters of 
Merrimack river. This matter is interesting both to the geologist, and to the agriculturist. 
To the former as a queslion in geological dynamics, and to the latter, as the source of the fer
tilizing power of overflowing streams.-! am indebted to the assistance of Mr. James B. Fran
cis, Civil Engineer, atlachcd to the Locks and Canals in this place, for the computation of the 
quantity of water flowing in Merrimack river. The daily register of the height of the river, kept 
under his inspection, added to his minute and accurate measurement of the daily volume of water, 
has enabled us to approximate the actual amount of effect, due to a portion of one of the causes 
of ·geological change, in present operation, with a degree of certainty, which, if not entirely sat
isfactory, is more accurate, than has heretofore been attempted. Ordinarily the Merrimack river 
is clear and transparent, having a slight yellow brown tinge, by transmuted light. Great rains 
produce turbidnes~. The water becomes clay colored. Dllring these peiiods, I have daily taken 
out 20 gallons of river water, and afler 24, to 48 hours repose, in a vessel about 18 inches deep, 
the water was decanted, the sediment collected on a filter, dried at 300° F. and weighed. From 
these data, and his own measurement of the quantity of water, Mr. Francis has calculated the 
following table, sho·wing the amount of matter borne seaward, by Merrimack river in 18381 and 
during an unusually high fresh in 1839. 

~ale 

rom 

1838,May5. 

26. 

June 5. 

Nov.9. 

11 13. 

Total 

JB39Jan.28. I 

:: :~ I 
3:1 

Total. I 

May 9. 

" 29. 

June9 

Nov.12 

" 17. 

c11 1cee. "' .cu1coo. I
No. oflQuaotit~ of Wate'\ Grnin• of •u•· 
Daye. in pended matter 

b' f t . I ~· f t 

5 

I 
9.630.316.800 

I 
3.583 

4 5 738.428.800 10.531 

5 I 5.150.5lj2.400 

I 
3.366 

4 113.105.843.200 2;).808 

5 8.690.889.600 . 112 

I 23 142.316.040.800 

4.6"5.817.ljOO 30.483 

3.633.526.400 22.815 

1.818.115.200 12.006 

794.966.400 4.2-2£ 

529.977.600 1.481 

I 5 I JJ.466.403.200 

!
Total suspende_d mal_ter in 

poundsavo1rdupo1s. 

I 
I 

4.92!l.346. 

16.0Jl.036 

2.475.216. 

49.319.37L 

139.054 . 

71.874.063 

20.405.397 

11.855.023 

3.118.327 

479.932 

112.128 

35.970.807 

Leaving out, adds Mr. Francie, the 23 days given above, I find the average fl.ow of the river for the reM 
mainder of 1838, about 6000 cubic feet per second-giving a total dii;charge for 342 days of 177, 282, 800, 

OOO:cubicfcet. 

The question, whether the year 1838 is an average can only be determined by conti~~ed 
observation. I am still directing my attention to this point. I incline to the op1won 
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that 1838, is a fair average year. It is seen from the table that du.ring the great fre~het of 
Jan. 7, 1839, nearly one half as much matter was borne downwards m Q days, as durrng the 
whole year of 1838. This was the highest freshet observed for fhe 1ast 6 years. The table 
above gives the actual amount only, which would be deposjted by a few days repose. This 
amount is interesting only to the agriculturist, whose lands are fortunately irrigated by these 
periodical overflows. To estimate the actual geological effects, we must add to the above amount 
a finer deposite which longer repose precipitates from the waters of a freshet, and the matter 
chemically solvent both during a freshet and ordinarily, and also the amount of matter ordinarily 
suspended. This last quantity is 0.100 of a grain per cubic foot of water. After the clay col
ored matter has settled, a finer white deposit occurs in a few days. It is so fine as to pass through 
filtering paper. It gives to the water a slight milky look viewed in a tube of 3 inches diameter. 
It is long subsiding, and gradually collects in fine white flakes, which precipitate, forming a 
l!lkinny lining on the bottom of the vessel. This membraneous lining by some months exposure 
to air, becomes dark olive green colored. It consists chiefly of silica with an organic acid. It 
ought not all truly to be called suspended matter-though for the present purpose I so estimate 
it. The skinny deposit, which occur~, lichen like on all substances long time under the river 
water seems of similar nature.-! may remark here, that the clay colored deposit occurs in sub
stances in the water, whatever their position, slanting, upright or flat. I ts slimy nature causes it to 
adhere whatever the position, and when collected from the bottom of a tub it may often be 
rolled off in a continuous sheet, like tough wet paper. 

The water of the freshet of 1839, decanted from the sediment deposited in 48 hours, was al
lowed to repose one month: it became perfectly clear ,-though slightly milky at first, and the 
amount of the fine white flocculent precipitate, which now formed a skin, was in one pint 0.3857 
grain or per cubic foot 23.0015 grains. No more depositoccurringafter 7 days repose, the water 
was evaporated to dryness . During this opera.tiou brilliant scales began to form and a filmy 
white mass, with a brown tinge remained, weighing in one pint of water 0.6172 gra in, or per 
cubic foot, 36.776 grains. This amount is less than that ordinarly in solution; for by long expo
sure, a portion of the chemically solved matter is decomposed, or forming new combinations was 
precipitated. The amount of matter ordinarily held in solution in the river water is 0.82 grain 
per pint, or 48.86 grains per cubic foot. If now we add to the matter suspended in the water in 
the 23 days by the above table, 7!.874.063 pounds. 

The finer deposite in 23 days, 139.280.225 pounds. 
The matter chemically solved in 23 d:>.ys, 221.853.831 pounds. 
Matter ordinarily suspended in 342 days, 2.532.611 pounds. 
Matter chemically solved in 342 days, l.242.803.080 pounds. 

We get the total for year 1838, J.678.343.8!0 pounds. 
The mind cannot conceive this amount. We may form a more precise idea of its extent by 

supposing the whole to be anthracite coal. At the present rate of coal consumption in the Mer
rimack Print works, 5000 tons per annum,-the above would then last 167 years. 

Chemical Constitution of the Suspended Matter. 

I collected in 1837 a quantity of this substance, deposited on the rocks at Pawtucket falls in 
LowelJ. This was analyzed by drying at 300° F. then calcining to destroy organic matter fus
ing w.ith alkali, and separating the constituents in the usual way. I add the analysis of a si:nilar 
deposit, from Connecticut river, collected in 1837 from the rocks just above the bridge between 
Greenfield and Montague. In both, traces of mosses, vegetating were evident to the eye. 
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Merrimack.River. Connecticut River . 
Organic matter,geine, 2.500 2.640 
Silica, 77.530 77.397 
Alumina, 8.650 8 .325 
Oxide of Jron, 9.500 8.818 
Lime, .535 .767 
Magnesia, .103 
Sulph. acid, Phosphoric acid, 
Traces of potash and loss, !.182 2.023 

100. 100. 
The finer deposit occurring after a month's repose, gave a c,lnstitutioe similar to the above: and 

the wat~r evaporated, after all mechanically suspended matter had subsided-gave, in one pint, 
0.6172 grain, composed as follows:-

Organic matter, .3086 
Lime, with some Sulphate of Lime, .1928 

~~ ~~ 
Loss, . 003 

0.6172. 

The organic matter exists chiefly under those forms of geine called crenic and apocrenic acids. 

It readily solves in water, with1 brown color; decomposes some met:illic sails, and combines 
with lime and moist hydrate of alumina. Its acid action is the source of the rapid solution of 

lead in Merrimack water. Crenale of iron, and alumina, is deposited rapidly on iron tanks ant.l 

pipes exposed to the constant running of the river water. I have seen this compound deposited 
1-2 inch thick in two years in an iron t:ink, on its upright sides; and mamillary concretions, like 

large almonds, cov~ring large patches of a cast iron pipe, which had been in use a few years only. 

These concretions will doubtless in time accumulate, and finally obstruct the passage of water 
though iron pipes used for its conduit. 

The constitution of the deposit, collected on the rocks of the river, is analogous to your 

"muck 1and." The organic matter, which is geine, is the source of the vegetating power, which 

the sand gives to seeds. Jn many places, where the alluvial deposit forming the basin of Lowell 

has been cut through, layers of "muck sand," from 2 inches to several feet in thickness have 
been exposed. They are separated by strata of coarse sand and gravel. When this section has 

been sometime exposed to air, the" muck 1and," can be distinguished at a great distance, by 
green bands, a color derived from the infinity of small plants vegetating and luxuriantly growing 

in the stratum. This is certainly a \•ery strong proof of the agency of geine, if not of its actual 

necessity to growing plants. Whether we believe with Fuchs that geine, which he calls humus, 

is among the original and earliest formations, or with others, that it is of later origin, arising from 

organic decomposition, it is evident, that being so abundantly diffused in river deposits, which 

ultimately become sea deposits, it is the source of the carbon, and also of the ammonia, which 

late experiments have detected in rrimitive rocks. In the great series of geological changes, these 

aedimentary deposits, now taking phce, will doubtless arise in new forms, in mica, and clay slate, 

perhaps of rocks of crystalline character. But let us lea\o-e speculation and attend to the 

.flgricullural Value of River Deposits. 

All experieuce teaches the fertility of soils periodically overflowed by the turbid waters of 

rivers. Perhaps from the similarity of chemical constitution of the deposilr.dmatter, with" muck 



116 Economical Geology. 

E-and,» the reason of its fertilizing power will be obvious to the readers of your repor~ on that 

substance. We can refer the fertility given by the overflowing freshets only to the .geme, sa~ts 
of lime, and beautifully fine state of the silicates which make up the bulk or the d~pos1t. The s1!~ 
icates being so exquisitely divided are readily decompcs::?d by the act'.on of the air, the c~r~omc 
acid elimioates potash and soda from the silicates, just :?S the same action decomposes the s1ltcales 

of alkali in spent ashes, peat ashes, and greensand. Indeed 1 have no douht, that the green sand, 

which you sent me, had lost its potash from this very cause. Our granite, particularly, that 

most abundant in felspar, should, if finely pulverized, act like green sand. The river deposits, 

containing silicates of alkali finely levigat~d, and exposed to the carbonic acid of the air, and 

the electro-chemical agency of growing plants, are rapiJly decomposed. The alkali is evoh•ed 

and solves the geine and geates, which make up no small portion of the deposit. I have sub

jected several portions of these deposits, collected at different times, to Agricultural analysis. The 

results are shown in the following table. 

I Sol. 
lnsol. ~r~fe~· I i~~:· 1 Silicates. l G2~:e. 
Geine. 

Connecticut River. 1.70 .64 .46 94.90 
offrocka. 

I Merrimack River, Springof 1837. 2.50 1.10 .90 .60 94.90 f "' , .... , " ..... 
off Rock11. Sulp iate and geale of 

Lime . 
Fall of 1837. 2.06 1.86 . 90 94.44 

off Rocks. 

Deposit from Freshet of Januo.ry 1 (1.40 6.50 2.34 1.20 84.56 

I ;J;;~~;:;~~~~~'.{i,; 1839. 

Deposit,July,1839. 6.80 

I 
6.30 3.JO 

I 
60 81.20 

J ftcids in inwluble Gerne1 
J.50. 

The true agricultural value is shown by the deposit from the freshets of January and July, the 

others being coarser sediments, that is more sandy. With great respect, 
SAMUEL L. DANA. 

V. AMENDMENT OF SOILS. 

It may perhaps be expected that I should, before I close the subject of 
soils, endeavor to show how the defects of the different geological varieties of 
soil in Massachusetts may be remedied, in addition to the more general views, 
that have been presented on the subject. But in most cases I doubt whether 
chemistry or geology can add much to what the farmer has already-learnt 
from experience; and therefore the subject, as I conceive, hardly falls within 
my department. I shall, however, add a few remarks respecting the amend
ment of a sandy soil ; since a large part of four counties in the state, viz. 
Plymouth, Barnstable, Dukes, and Nantucket, are on this account at present 
regarded as sterile beyond reclamation. 

It is indeed true, that lands so barren as those above referred to, can be 
brought into a fertile condition only with great labor and expence. It is 
however, similar lands on which green sand in New Jersey and other states 
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has exerted a remarkable transforming influence ; and should any of the 
~reen sand of l\Iassachusetts prove serviceable, its use would probably be the 
most economical mode of commencing the work of fertilization. But a surer 
plan is to follow the methods adopted with so great success in such a country 
as Netherlands; where the most barren sands have been extensively con
\'erted into fruitful fields. Where such a soil is underlaid by clay, or loam, 
even if it lie at the depth of several feet, an obvious preliminary is to bring 
a large quantity of the subsoil to the surface; and then to introduce into the 
mixture a sufficiency of geine. But even where no such subsoil exists, 
the case is not a hopeless one. The first step is to plant the surface thickly 
with some plant that will grow upon it; and as this decays, it will form 
geine for future use. Ere many years, enough nutriment will be collected to 
form a soil, in which useful plants will grow: and when once brought into 
this state, it is, taking all things into the account, one of the best of soils. 
The Belgic farmers commence with broom, pines, &c. In Massachusetts 
beach grass (.11.rnndo arenaria.) is usually employed to fix the sand: but I 
doubt whether this is very well adapted to form a soil; since it decays so lit
tle. I noticed that in the old fields upon Cape Cod, which had been cul
tivated until the geine was nearly exhausted, that large patches of the Hud
sonia ericoides, or false heath plant, and of II. tomentosa, or poverty grass, 
were frequent. These form a thick mat upon the soil, and cannot but col
lect some vegetable and animal nutriment. JHay they not be made sen•ice
able in the way that has been described. 

'Vhen I visited Provincetown nine or ten years ago, scarcely a square rod of land was at
tempted to be cultivated in the whole town. But on a recent visi.t, I perceived several gardens 
of considerable extent; containing a good crop of vegetables, and of excellent quality. Mr. La
throp in particular, the enterprising proprietor of the hotel there, has prepared an excellent gar
Jen, chiefly by manure and the mixture of the salts of lime and magnesia, which are obtained 
in great abundance from the extensive salt works in that place: and which are just coming into 
use on the Cape as a manure, and will undoubtedly prove serviceable if used only in small quan
tities. Mr. Lathrop thinks that garden vegetables may be raised there a fortnight earlier than in 
the region around Boston; and that hence it may be an object to raise them for Boston market. 
This hint may be worthy the consideration of the farmers on other parts of the Cape. Mr L. 
also showed me a swamp of considerable extent, probably a peat swamp, which he proposes to 
convert into arable land, by bringing over it a quantity of sand from the adjacent hills. I hope 
this experiment will be tried, not only there, but in other parts of the sandy region of Massachu
setts, where such swamps are common. For although expensive at first, land thus formed must 
become exceedingly productive and valuable. 

But the most striking example which I have met with showing how pro
ductive the most barren soil may become, was pointed out to me by James 
Small Esq. of Truro on Cape Cod. In passing down the Cape, long before 

16 
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one reaches his farm, most of the country appears excessively and hope
lessly barren. His farm, however, is based upon blue clay, and forms a fruit
ful oasis amid the sandy waste. But between that spot and the end of the 
Cape, little meets the eye, out of the salt marshes, but white drilled sand, 
save here and there a small patch of beach grass, or pine shrubs, or poverty 
grass. Yet three miles beyond his house, Mr. Small took me to a field of 
several acres, where tbe soil appeared of a dark color and abounded in frag
ments of shells, particularly the round clam, or quolwg. So productive was 
this soil, that 50 bushels of Indian corn had been raised upon an acre with
out manure ! The following analysis shows us at once the secret of this 
fertility. 

Reckoning the fragments of shells as carbonate of lime, we have in 100 
parts: 

Carbonate and Sulphate of Lime, 
Phosphate of Lime, 
Soluble Geine, 
Insoluble do 
Silicates, 

21.30 
0.35 
3.75 
J .50 

73.!0 

100.00 

After the salts of lime and the geine were separated, the residueconsisted 
of nothing but the common white sand of Cape Cod. This geine and these 
salts, therefore, are all that is necessary to convert other sandy fields on this 
Cape into fertile spots. 

I find these broken shells to be somewhat frequent on the Cape ; and 
the general impression is, that they were brought into their present situation 
by the Indians, that the animals might be extracted for food. But their 
great extent leads me rather to suspect that such spots were once the resi
dence of these animals, when beneath the sea: or rather, that they were once 
the shores of the ocean, and that the waves drifted the shells thither. 

Co11cludi11g Remarks upon Soils. 

I might proceed to discuss numerous other points respecting the chemical 
and geological character of soils and cultivation. But really, I do not feel 
prepared to. thro'~ any ne~~ light up~n them; and '~ not therefore occupy 
space and time with detailing what 1s already described in various authors 
such as Da"?' an~ ChaptaL The time and labor which I have alread; 
devoted to this subject, are more than I should have felt justified in bestow-
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ing, were it not of the first importance. Those only who ar~ practically 
familiar with analytical investigations, can correctly judge how much time 
and labor it has cost me to obtain even the imperfect results that have been 
given. In analysis a result which is expressed by a single figure, often costs 
days of careful labor to obtain. 

lt will be seen that a consi<lerable part of what! have presented on this subject (and the same 

remark will apply to much that follows on economical geology,) consists of suggestions. The many 
new views, which through the aid of Dr. Dana I have brought forward, and the new substances to 
which I have directed the attention, rendered such a course necessary: since it was impossible 
for me to prosecute the requisite experiments for testing the truth of my convictions. Of course, 
others who have an opportunity to make such experiments, will place so much confidence in my 
suggestions as the reasons offered to sustain them, will in their opinion justify. Should any 0£ 
these suggestions be carried out into practice and produce valuable results, my object will be at
tained, even though they should require such modification, that the original author shall be for
gotten and unnoticed. 

I confess myself influenced in these researches by an ambition to point 
out some of the means, whereby two or more blades of grass, or ears of corn, 
may be made to grow where one grows now in Massachusetts. And this I 
sincerely believe to be an attainable object. More and more thoroughly am I 
convinced, that it needs only patient industry-such as has ever been the glory 
of New England-and an intelligent and judicious application of our internal 
resources, to convert five sixths of the surface in Massachusetts into fertile fields. 
The idea that a large part of our soil is absolutely unfit for cultivation, and in
capable of improvement, which has discouraged so many of our young men, and 
driven them away from their paternal homes, is contradicted at every step of 
a fair investigation of the subject. As I have approached one of our beauti
ful villages, and seen all around it such prolific crops, I have frequently en
quired why such a difference exists between the fertility there, and the wide 
region over which I have been passing since I left the last village 1 For in 
the natural character of the soil I could perceive no essential difference. The 
conclusion would be, that cultivation has made all the difference. And yet, 
in that village are probably many young men who feel as if all the valuable 
land around them were taken up, and that they must seek their fortunes in 
some distant and more fertile region. It is true that our soil will yield to 
nothing but persevering industry and skill. But the habits of diligence and 
endurance which will be acquired in subduing it, are of far more value to 
the possessor, both for the promotion of his fortune and his happiness, than 
the richest manor that yields almost spontaneously. The very object of Provi
dence apparently in giving us a soil by nature comparatively sterile, yet ca
pable by cultivation of yielding an abundance, was to call into exercise that 
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industry and energy, without which man becomes a mere drone, or the mis
erable slave of indolence and t'he low appetites. 

I do not doubt but the Government and every intelligent reflecting citizen 
will feel the vast importance of energetic efforts to improve our soils so that 
they may sustain a larger population. This is the only way to check the 
tide of emigration that sets so strongly to the great West. For if our sons 
can be made to see the soil of New England doubling its increase, as I verily 
believe they might in one or two decades of years, the rich alluvia and prai
ries of the West will not be able to draw them away from the graves of 
their fathers ; especially if they learn that those fertile regions will at length 
become exhausted of their geine and salts,and then will probably require as 
much labor to cultivate them as the soils of Massachusetts. 

Some, however, may contend, that it is more important to transfer the 
New England character to the unsettled West, than to multiply our numbers 
and wealth at home. But the history of the world leads us to fear, that New 
England character cannot long be preserved except upon New England soil ; 
or upon a soil that requires equal industry for its cultivation. Place New 
England men where the earth yields spontaneously, and the locks of their 
strength will soon be shorn. If we look over the map of the world, and the 
history of the past, we shall find as a general fact, that the brightest exhibi
tions of human character have been made, in regions where nature has done 
less, but art and industry more. If, therefore, we wish to increase the moral 
power of New England, it must be done by improving her soil, and increas
ing her resources and her population. If these views are correct, which I 
acknowledge do not fall in with the prevailing notions, they furnish a new 
stimulus for vigorous effort in the improvement of our soils.* 

Note on the Nature of Geine. 

Having transmitted a proof sheet to Dr. Dana, of my remarks on the nature 
of geine, with Dr. Jackson's method of analysis, he has been led to send me 
his views on these subjects more fully than ever before. His letter contains 
so fair and masterly a defence of his views concerning the nature of geine, 
that I am unwilling to withhold it; especially as it seems I have misappre
hended some of his opinions on that subject. And since Dr. Jackson seeks 
only truth, like every man of genuine science, he will not, I trust, object to 
so candid an examination of his opinions. 

* This may be the be1t place to mention, that the first column of the Table showing the power of soils to 
absorb oxygen on page 631 should have placed over it the wordJ, Per Cent: lhe second column, the word•, 
Cubic Inches: aad the third column, the word, Grains . 



Note on the Nature of Geine. 121 

Lowell, June 22. 1840. 
DEAR Srn :-You know I have for some time meditated a new analysis of geine. My en

gagements have prevented my undertaking this point, in season for your report, and I very much 
doubt whether such an analysis as I can ever execute, would throw any new light on its consti
tution. Perhaps in the pr~sent state of the opinions respecting its nature, my analysis would be 
considered ex parte evidence. I am satisfied with the results already obtained by others. From 
the days of Vauquelin, who first noticed ulmin, to the present time, this substance has ~een in
vestigated by the most distinguished chemists, under the name of ulmin, or humus, or geine. 
These are convertible terms, they mean one and the same thing. Its atomic constitution was 
partially settled by Sprengel, and more fully by BouJ.lay Jr. The discrepencies in the results, led 
Berzelius t.o remark, that the whole subject required a new investigation, though Dumas ex
presses his confidence in the results of Boullay. His statements have since been verified by 
Malagutti. Thompson, in bis Organic chemistry, refers to Malagutti's paper, as published in 
Journ de Phann. xxi. 455. and Dumas, in his 5th. Vol. refers to Malaguti's obser1'ations in
edite3. 

Malagutti has obtained ulmic acid in distinct crystals. By boiling these in weak acids, a black 
substance is deposited, which he calls ulmin, identical in its composition with the acid. Once 
and for all, I consider, ulmin, humus, geine, ulmic, humic and geic acid, one identical substance; 
whether neutral or acid its constitution, ever one and the same, subject to the great law of organic 
chemistry, that proximate compounds act as simple elements. 

Boullay's analysis of geate of copper, on which he placed most reliance, is the following:-

Geine, 
Oxide of Copper, 

89.5 
!0.5 

100. 
Malagutti's result agrees with this, more nearly than is usual in minute analysis, and is as ful

lows :-
Geine, 
Oxide of Copper, 

89.2 
10.8 

100. 
Deducing from these analyses the atomic weight, we get from Boullay, 42.61 

from Malagutti, 41.29 

83.90 the mean 41.95. 
The result of the analysis of geic acid, by oxide of copper is by 

Boullay, Malagutti, 
Oxygen, 56.7 57.48 
Hydrogen, 4.81 4.76 
Carbon 38.49 37.36 

Deduciag from these the atomic constitution of geine, we get from Boullay, with whose 
ratios Malagutti agrees, 

Oxygen, 16. atoms = 16. 
Hydrogen, 16. = 2. 
Carbon, 32. = 24. 

64. 42. atomic weight 
Now the mean of the result, 41.95, from the analysis of geate of copper given above, differs 

00.05 from the theoretical result. We may safely take, therefore, 42. as the atomic number of 
geine. 
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A substance found by different observers so identic:il in composition, by actual analysis, "hose 
theoretical confirms its analytical constitution, which forms definite compounds, and whose hi~to
ry and properties are better understood than a large proporLion of the objects in organic chemb•ty, 
may well be considered a definite chemical compound. That it is so, is believed by all chemi~ts, 
except Raspail, whose principles would equally reduce the larger portion of organic subst:rnce:"I, 
to carbon and water; and Dr. C. T Jackson, ·who reduces geine into a mixture of crcnic and 
apocrenic acidi. Others have admitted these acids in combination with geine, in soils. Berze
Jius their discoverer, and to whom we are indebted for all that is known of their history, years 
ago said, that crenic and apocrenic acids existed in soils, in small quantity; and moreover states, 
that these acids are among the general products of putrefaction. The doctrine then, that they are 
round in soils, is not the doctrine of yesterday nor of to day-it is no new thing; but the doc
trine that geine is a mixture of these acids, that geine has no independent existence, is new ; 
and coming from a source, commanding our respect, requires a careful consideration. The 
various opinions which have been formed on the subject of geine, owe their existence in part, 
to the varied means which produce this substance. It comes from organic matter, by putrefac-
tion, by the action of acids and of alkalies, caustic or carbonated, by the action of alkaline earths, 
by alumina, by metallic oxides, acting on organic matter, especially when assisted by heat, and 
as a general law, we may say that all substances, oxidating, and gently actingou organic matter, 
produce geine. lt is produced by fire, by heating or roasting organic matter,andhence its abund
ance in soot, in crude pyroligenous acid, in charcoal, and baked wood. Jt is found in carburet of 
iron; and cast iron, treated with acids, leaves an insoluble residue, having the properties of geine. 
Of all the agents, which thus change organic matter into geine, the action of the alkalies and of 
the alkaline earths is most powerful: next to them ranks alumina, which is littlt::, if at all in
ferior to lime, when assisted by growing plants. It is the decomposition of the aluminous 
silicate, by living plants, which lets loose the alumina, to convert insoluble into solublegeine. 
But to return, the mode of acting here is in many cases purely "catalytic," the action of presence,
the same elements re-arranged, a new order takes place,-while in other cases, a part of the origin .. 
al compound is removed-new substances are produced. In whatever way we may produce 
the proximate principle geine, whose definite constitution we see has been so well <letermined, it 
is not at all probable, that it proceeds, per 1altum, from organization to its atomic constitution. 
There exist, doubtless, intermediate states, other compounds, which chemistry has already, or 
will hereafter detect; forms of geine so to speak.-Jn this class, I include crenic and apocrenic acid. 
Nor can we determine whether these arise from a catalytic change in geine, or whether they are 
formed first, and then unite to produce that definite compound. But the properties and actions are so 
very distinct from those of geine, that the last cannot be owing to a mere mixture of thetwo first. 
From the small quantity in which they accompany geine in soils, it is probable that they derive 
their origin from a change in the elements of that substance; and if ever geine, has been wholly 
n!duced to crenic and apocrenic acid, I think it is no difficult matter, to show how this result 
has been produced by the agent employed, and by the manipulation . Cases analagous are fa
miliar to all chemists, and the very ease with which crenic passes into apocrenic acid, may help 
our conceptions of the possibility of a mere new arrangement of the elements of geine,-an ar. 
rangement producing two well defined acids, being considered as the separation of those which 
previously were only mechanically mixed.-As evidence of the evanescent nature of crenic acid, 
it is well established, that its solution in water, by simple exposure to air, becomes apocrenic 
acid : hence it name: its existence, as Berzelius says, depends on crenic acid, just as apo-theme, 
depends for its existence on a solution of organic extract in water. Without crenic there can be 
no apocrenic acid. These acids have been separated. Their insulation is one of the most difficult 
of chemical operations, requiring not one, but several solutions and separations by sulphurel
ed hydrogen before we can estimate their quantity, or be assured if their purity. Separated, their 
characters are as follows :-Both resemble vegetable extract : 
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Orenic acid. 
Color yellow, 

Transparent, 

Amorphous, 
Taste acid, then astringent 

Excessively soluble in water and 

" " alcohol 

Apocrenic Acid. 
Brown, 

Amorphous, 
Astringent, 
Slightly soluble in water. 

Slowly soluble in pure alcohol 

Solution in water, precipitates by 
Sal. ammoniac in flocks. 

Orenales. Apocrenates. 

Of alkalies, like yellow extracts, and very soluble in water, Of alkalies, black friable masses; 

and weak alcohol. in water adarksoluble brown color. 

Of lime, neutral, soluble in water, subsalt, insoluble. 

Of magnesia, easily soluble in water. Of alkaline earths, solve in water, 

yellow colour. The subsalts quite 
insoluble. 

Of alumina, neutral insoluble in water: supersalt, soluble. Of alumina, neutral, insoluble: super

sah, soluble in water. 

Of iron, soluble in water. Ofiron,protoxide,solublein water: 

peroxide, insoluble in water. 

From the statement I have already made of the elements which enter into soluble geine, it will 

be seen that a small part only of soils exist, as a geic salt. The phosphoric acid I have ennumer

ated among these elements, confining the term "soluble geine'' in that case to all whlch an 

alkali dissolved. The phosphoric acids proceeds from a partial decomposition of phosphate of 

lime, or subphosphate of alumina. It is not au element of geine. The iron and alumina are 

dissolved as salts of geine. We conclude that the greater part of the geine of soils exists un

combined. If this substance, as it exists in soils, is only a mixture of crenic and apocrenic acids, 

then, from the established properties of these acids and their salts, this result must follow. The 

soluble organic matter of soils ought to be completely solved by waler and alcohol. No other 

agents are required to detect not only the existence, but the total amount of these acids, to de

termine in fact the amount of soluble geine. Simply boiling the soil in water should extract all 

the crenic acid. "It is excessively soluble in water,,, says Berzelius-so soluble, that the wa

ter of the Porla well, the source whence this acid was first obtained, is colored brown by it. 

Pure alcohol, will then dissolve all the apocrenic acid; and we may thus at once ascertain the 

amount of these acids. Admitting the properties of crenic and apocrenic acid, I do not see, how 

we can escape this conclusion. Nor will it alter the case, if it be said that the acids are com

bine<l with the bases of earths and oxides. We still are driven to the same conclusion. Now 

this is a result, which I presume the propounder of this doctrine of the mixed nature of geine, 

will not admit. He knows how very trifling is the proportion of organic matter, or its salts which 

yield to alcohol, or to water. I do not mean to deny that this little is crenic or apocrenic acids 

or their salts. Nor will the advocates of the doctrine, deny, that all the crenic acid, will, by 

exposure to air, pass into apocrenic acid. If then, geine be a mixture of acids, and is insoluble 

in the agents which act easily q,n these acids while separate, we may reasonably con~ 

elude that the elements of these acids, have arranged themselves anew, entered into a true che~ 

• ical combination, to form geine, a definite proximate principle, whose separate, independent exis

tence, whose properties, combinations, and uses, are as well established !iS an;r facts in chein .. 

istry. 
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Finding then, that the action of water and alcohol on the geine of soils is wholly different 
from that which ought to ensue, if il is a mixture of crenic and apocrenic acids, other agents 
have been employed to effect their separation. Now these agents, are precisely those, which 
we have enumerated above, as having the power to a]ter the arrangement of the elements of or
ganic matter, or of geine; developing either acid properties, without altering its constitution, or 
rerarranging its elements, without addition, or subtraction. The long and repeated digestion in 
carbonate of ammonia, has produced not educed crenic and apocrenic acids.-\ Ve ::tre not inform
ed of any other result, of any other product: no evolution of gas, indicating that any decompo
sition has occurred. From the acknowledged chemical tact of Dr. C. T. Jackson, we infer, that 
geine has afforded him only crenic and apocrenic acids. That tl1ese are the products of his 
process can then be easily understood. 

The atomic weight of geine we have shown is 42. This number differs but little from the 
sum of the weight of two atoms of crenic acid, and one atom of apocrenic acid. Berzelius de
termined the atomic weight of crenic acid to be, 13.50 

of apocrenic acid, 16.50 
then 2 atoms crenic = 13.50 X 2 = 27. 

l atom apocrenic 16.50 

43.50 
Which differs only 0.89 from Boullay's number for geine, deduced from his analysis of ulmate of 
copper. But allowing the crenic acid, to be 12.75 we have then 2 atoms = 25.50 

I atom apocrenic = 16.50 

42.00 

And that 12.75 is probably the true number, will appear from re-arranging the atoms of geinc, 
so as to constitute two atoms of crenic and one of apocrenic acid.-1 have met with no analysis 
of the atomic constitution of these acids: but taking their atomic weights, as above, and the re
sult of Dr. C. T. Jackson, that geine is wholly separated into these acids, then the number of the 
atoms constituting their weight, is as follows:-

Crenic acid. 
Carbon, 11 . = 8.25 
Hydrogen, 4. = .50 
Oxygen, 4. = 4. 

12.75 x 2 -1-
The number of atoms in 42 geine is 64. as above : 

and we have 1 atom geine = C.3'l H.16 Q.Is 

Apocrenic acid, 
10 = 7.50 

8 = J. 
8 = 8. 

16.50 = 42 

•(N~n:.)-Hermann has given the following u the con1titution of the crenic, apocrenic, and ulmic acids. 
(American. Journal. of Science, o/c. Vol. 36, p. 36!>). 

Crenic . .!Jpocrtnic. Ulmic. 
Carbon, 535.0 (= 7 atoms.) 1070.1 ( = 14 atoms.) 6HIO 

Hydrogen, 99.8 F 16 u ) 87.2 ( = 14 u ) 431 
Nitrogen, 88.5 (= 1 11 

) 265.5 ( = 3 11 ) 1105 
Oxygen, 600.0 (= 6 11 

) 300.0 ( = 3 11 ) 22i4 

1323.3 (combiningweight)1i22.9 (combining weight) 10000 
It.is hardly nece.ssar~ to observe, that these resuhs confirm the 11uggestion of Or. Dana in the te:rt, that 

cren1c andapocremc acids were not probably 10 con1tituted, as to be entirely converted into geine with-
out an e:rceH of any of the ingredient.. ~. H. 
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Which resolved into 
2 atoms crenic acid, = c.22 ll.8 Q.8 

1 atom apocrenic acid = c.10 n.s Q.8 

form one atom of geine = C.32 II.16 Q.16 
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1t may be said, that it may be proved, that my statement of the atomic constitution of these 

nci<ls is not confirmed by analysis. So much the better. That will prove, that geine cannot 

be a mixture of them. Though these elements theoretically admit of this arrangement, it is not 
at all probable, that nature forms crenic and apocreoic acids, out of which to form geine, by 
their complete chemical union; still less is it probable, that she merely mixes these acids. The 
constitution of geine is too firmly settled, to allow us to believe, that it is a haphazard mixture. 

The evidence of the existence of a simple proximate principle-, geine, is rather strengthened, than 
weakened, by the above view of its probable theoretical changes. And as Dr. Jackson states that 
he has actually separated geine into two acids, he has furnished new and unquestioned proof of 
the existence of that principle. Jf the sum of the weights of his crenic and apocrenic acids 
equals the weight of the organic pa1t of his soluble geine, he furnishes the highest evidence we 
can have, of the separate, independent existence of that element. I believe he has seen all that 
he states, and I must ask him to believe that the conclusions to which we have arrived, respect
ing the nature, constitution and properties of geine, are equally founded on experiment. While I 
thus freely admit the results he states, I express my conviction, that what he has seen, he has 
produced, that he has merely re-arranged the elements of a well known, definite compound, by 
the long continued action of ammonia. Such changes may not be readily comprehended by the 
majority, into whose hands your report may fall-all however now a days understand that there is 
such a thing as carbon, such elements as oxyge11 and hydrogen, which last by their union produce 
water. Now it is evident, bya glance at the above arrangement of the elements of geine, and creuic 
and apocrenic acids, that these are each and all, resolvable into carbon and water. We may as well 
deny the existence of crenic and apocrenic acids because resolvable into carbon and water, as to 
deny the existence of geine, because resolvable into crenic and apocrenic acids. A glance too at 
the above arrangement, will show us how crenic becomes apocrenic acid by simple exposure ; for 
by absorbing oxygen, each atom parts with 6 atoms carbon, anJ then 2 atoms crenic form one of 
apocrenic acid ; for, 

2 atoms crenic acid, l 
Oxygen. 

11 
11 

22 
Deducting 12 Carbon, 12 

Hydrogen. 
4 
4 

Carbon. 
4 
4 

form 1 atom apocrenic, 10 S 8 

lt is this change, which may account for the great evolution of carbonic acid, which attends 
the exposure of geinc lo air. The alkaline, earthy and metallic bases of the silicates of soils, 
as they are eliminated by the decomposing action of growing plants, all effect catalytic changes 

in geine. But without these, geine itself is decomposed by air and moisture, evolving volumes 
of carbonic acid. It becomes in every, and the widest sense, the food of plants, whether we 

consider it taken up as a simple solution of geine, or geates, or as a prolific source of carbonic 
acid. I do not however consider carbonic acid as vegetable food, or as playing a very impor

tant part in the nutrition of plants. Jablonski tried to verify the idea of Raspail, and to deter
mine how much is due to the action of carbonic acid. The whole series of his most carefully 

conducted experiments, feeding plants only on carbonic acid and water, lead to this conclusion1 

17 
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that carbonic acid and water do not sustain pla11ts, after the vegetable nutriment depottted foal

bumen or the cotyledons has been exhausted. I did never suppose, till I learnt it from you, that 

any one could have believed that I denied that plants absorb nourishment from air. Speak

ing whol1y of soi1s, and that by letter, I confined my remarks strictly to the nourishment derived 

from the earth. But extending the remark to air, geine is the great source of carbonic acid even 

then, and as far as carbonic acid is absorbed by the roots oi plants, is perhaps its only source . I 

go farther. I believe that geine was, before organic matter, an original formation, dating its birth 
from the dawning of time, when oxygen and hydrogen and carbon were created. I believe it 

to have been an original formation, the source whence were nourished the gigantic plants of 
coal formations, and of itself, forming a large part of such deposits . Hence we find little 
or no alkalies in our analysis of coal-a little silica, iron, Jime and alumina only having been 

formed as geates, in this early age. 
I have not thought it worth while, to go into an examination of the practical value, to agricul .. 

ture, of the doctrine of the mixed nature of geine. Jf it has any value, it depends entfrely on 
showing that crenic and aprocrenic acids require different treatment from geine, and on determin

ing the proportion in which these acids exist in soils. The first has not been done, the last 
never will be effected. It cannot be. We see these acids passing from one to the other state even 
during our manipulations ; how then can we determine in what proportions they existed in the 
original soil? It may be said, that we can estimate them all, as crenic acid, as Berzelins has, in 

his analysis of the water of the Porla well. In this case, so far as agriculture is concerned, we 
may call them geine. With the highest regard, I am 

Your Friend and Servant. 
PROF. HITCHCOCK. SAMUELL. DANA. 

Amlierst. 

P. S. I do not ordinarily use the oxygen scale. The statement above being chiefly derived 
from Dr. Thompson, I han employed his numbers for your convenient referenee. 

VI. FOSSIL FUEL. 

Next in importance to the means of improving our soils, I have regarded the discovery of fossil 
fuel; that is, fuel dug out of the earth, and resulting from vegetables which have been buried 
there in former times; and therefore, I h:i\le examined with no small care, every spot where 
such discovery seemed likely to be made. When I prepared my first Report, l confess my xe
pectations were not sanguine that Massachusetts contained within her bosom any extensive de

posits of coal; though aware that not a little peat might be found. But since that time, the 
enterprise and industry of some of our citizens have put quite a different aspect upon the subject 
so far as coal is concerned; and I have made such extensive inquiries respecting peat, aa leads 
me to suppose its quantity in the state has been much underrated. I will now proceed to give 
such details as will enable the Government to form an opinion on the subject. 

Of fossil coal there exists three well marked species. The first is anthra
cite, or stone coal, sometimes called anasphaltic, because destitute of bitu
men, and therefore burning without flame: though the anthracite of this coun
try gives off a feeble flame, resulting from the combustion of hydrogen, which 
is evolved from its combination with the carbon ; or more probably from 
water. The second variety is bituminous coal; so called because it contains 
bitumen. This burns with a white or yellow flame, and is the kind of coal 



.Bnthracite of Worcester. 127 

most commonly used; except in this country, where anthracite is most ex
tensively employed. The third variety is lignite; which is a more recent 
kind, not yet entirely carbonized or bituminized. Hence it is sometimes 
calle<l brown coal. As fuel it is of little value; but has been used in some 
parts of Europe. 

We have all these varieties of coal in Massachusetts; and I shall now pro
ceed to describe all their known localities . 

.Bnthracile of Worcester. 

Only two large deposits of this species coal have yet been discovered in 
Massachusetts, one in Worcester, and the other in Mansfield. Several impor
tant localities, however, occur on the borders of the state within the limits of 
Rhode Island, which I shall notice more particularly farther on. But I shall 
begin with the Worcester deposit, because this is obviously older than those 
of Mansfield and Rhode Island. 

By some of our earlier geological writers it was asserted that the Rhode 
Island coal deposit was connected with that in 'Vorcester. But a reference 
to the geological map will show, if I have not been grossly mistaken, that 
no such connection exits : that in fact the different deposits are in very dif
ferent formations. While those of Mansfield, and Rhode Island are in rock 
certainly not older than the graywacke, that in Worcester is in a bastard kind 
of mica slate; passing sometimes into quartz rock, and at others into argil
laceous slate. No trace of organic remains has been found in this rock, 
while the other abounds in vegetable impressions and petrifactions. The 
character of the coal corresponds to these differences in the rocks. That 
from Mansfield and Rhode Island resembles very much the anthracite of 
Pennsylvania; except that occasionally it is more glazed with plumbago ; 
while that from 'Vorcester is often converted into plumbago. In fact, a good 
deal of it is ground up and employed for some of the same purposes as black 
lead. Its aspect is much more stoney than that of Mansfield, and its specific 
gravity is 2.12; while that of Mansfield and Rhode Island, is l.75: and that 
of Pennsylvania, is l.55. In short, I consider it established beyond all doubt, 
that the Worcester coal belongs to an older formation, and is in fact almost 
converted into graphite. The two formations have no connection whatever; 
and are separated by a wide district of gneiss. 

The Worcester anthracite forms a bed in a carbonaceous mica slate, ap
proaching closely to argillaceous slate, running nearly N. "V. and S. E. and hav
ing a moderate dip to the northeast. It has not been explored but a few feet 
in depth. Before the work was abandoned by its enterprizing proprietor, Col
onel Binney of Boston, an attempt was made, by going down the hill on 
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which the bed is situated, and taking off the soil, to reach the lateral out
crop of the coal; which could probably have been easily accomplished, and 
would greatly facilitate the operations. I have been informed by Dr. Amos 
Binney of Boston, the present proprietor, that he intends resuming the 
work. 

As might be expected from a coal so mineralized, the Worcester anthra
cite ignites with much more difficulty than that from Penesylvania, or Rhode 
Island. But gentlemen who have tried it, for warming their houses during 
the winter, among whom may be mentioned J\Ir. Thomas for many years 
the keeper of a hotel in \Vorcester, have assured me that it may be used com
fortably and successfully for fuel. And in some manufacturing establish
ments it is preferred to most kinds of coal. Its analysis, however, indicates 
more earthy impurity than exists in most good coals. An ordinary specimen 
yielded as follows in 100 parts. 

\Valer, 

Carbon, 
Earths and oxides, 

77 
20 

JOO Specific Gravity 2.12. 

A second specimen, almost converted into plumbago, yielded as fol
lows. 

\Yater, 
Earthy Residuum, 
Carbon, 

2.4 
26.6 
71.0 

100.0 

According to the experiments of l\Ir. Bull of Philadelphia, a pound of the 
best Pennsylvania anthracite maintained ten degrees of heat in a room, IS 
hours and 40 minutes, a pound of the Rhode Island anthracite maintained 
the same heat in the same room, 9 hours SO minutes ; and a pound of the 
'Vorcester anthracite, 7 hours 50 minutes. Theory and experience, there
fore, concw· in bringing us to the conclusion, that the \V orceste.r coal is of an 
inferior quality. Yet in a country so wanting in coal as New England, a de
posit of inferior coal is not to be .regarded as useless. The time will pro
bably come when it will be regarded as very valuable. 

Dy looking at the Geological Map of the State, it will be seen that the rock formation wlrich 
embraces the w· orcester coal, extends to the mouth of the Merrimack river ; and of course, c.oal 
may be found in other parts of the formation besides Worcester. In Bradford, where the general 
aspect of the country, the character of the soil and of the rocks, correspond almost exactly to the 
region around w·orcester, an exploration is going on for coal by means of boring, which has been 
continued to the depth of nearly one hundred feet. I saw, however, no peculiar encouragement 



.9.nthracite of Bristol and Plymouth Cou11lies, and Rhode Island. 129 

at this place, more than at almost any other in the town. Should coal be found there, it will un
duubteJly be of the same character as that in Worcester . 

.!l.nthracite of Bristol and Plymouth Counties and of Rlwde Island. 

In my Report of 1835, I stated that we might reasonably look for anthra
cite coal in any part of the graywacke formation exhibited on the Geological 
l\Iap. This exists in 5everal patches in the eastern part of the state: viz. a 
small deposit on Parker river in Newbury; a much larger one around Bos
ton ; and the principal one, in Bristol and Plymouth Counties; extending 
also into Rhode Island. The latter covers an area of nearly 400 square 
miles : and upon this I marked on the map one locality of coal in \Vest 
Bridgwater, one in Middleborough, and one in w·rentham; as also in Cum
berland and Portsmouth in Rhode Island. In the autumn of 1835, a bed 
was discovered in Mansfield, which has since been considerally explored, 
and with others in that place, has proved more important than any other, 
and excited sanguine expectations that the region may prove an extensive 
and valuable coal field . Coal had, indeed, been discovered in that place 25 
years before : but it was not till 1835, that any systematic efforts were made 
to explore the beds. Three mining companies have since been formed: viz. 
"The Massachusetts Mining Company," "The Mansfield Mining Com
pany," and the Mansfield Coal Company;" each of which has opened a pit 
at different places; and in spite of the stagnation of business and enterprise, 
and the general incredulity in respect to the existence of valuable coal, they 
have been so far successful as to satisfy any reasonable men acquainted with 
coal formations, that a great deal of that mineral may exist beneath the deep 
cliluvia.l coat of that region. I shall describe the principal excavations made 
by these companies, with the results to the close of 1838: when the opera
tions were suspended, with the hope of obtaining aid from the Government 
of the State, to resume them on a larger scale. I have been informed that 
in the commencement of their efforts, they derived much assistance from the 
suggestions and advice of Dr. C. T. Jackson, the Geological Surveyor of 
l\Iaine and Rhode Island. 

The Massachusetts Mining Company commenced their explorations in 1835, on the fann of 
Mr. Alfred Harden, where a shaft sunk only 25 feet, struck a bed of coal 5 feet wide, and an

other only 1 foot thick, separated from the first by 10 inches of rock. The shaft has since been 
carried to the depth of 64 feet; and from the bottom of it, in opposite directions and following 
the bed of coal, drifts have been ex(ended 150 feet, and rail-ways laid for bringing the coal to 

the bottom of the pit, from whence it was, until recently, raised to the surface by a windlass and 
hand power; but steam power is now used, which greatly increaSes tbe daily amount of coal 

raised. About 1,500 tons had already been raised from this mine, when I visited it in October, 
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1838 ; and a drift had been carried from the bottom of the shaft, in a south-east direction, se\'er· 
al feet across the rock strata, in search of new beds. Only one about a foot thick had beeo 
reached. 

The explorations at this spot have been carried forward under the direction of Gen. Samuel 
Chandler, of Lexington, who seemed to me to have managed the whole concern with remarka
bly good judgment, and to have brought the principles of science to bear upon practice with 
singular success. In his printed Report to the Company, he says, that" although the region has 
been but very imperfectly explored, even where the strongest external evidence appears, yet fotlr 
separate veins are known to occur on land lcasecl to the Massachusetts Mining Company,situated 
at no great distance apart, and parallel in their line of bearing: two of which have been opened 
sufficiently to ascertain their thickness to be over five feet," &c. 

The clerk of the company, William B. Dorr, Esq., makes the following statement in respect 
to these explorations, which must be regarded as very encouraging. " The Massachusetts Min
ing Company," says he," at an expense of less than $15,0001 with all the discouragements or 
a novel undertaking, the almost entire want of practical knowledge of the subject, and the cost 
of experiments which experience would have rendered unnecessary, have been able to raise from 
1200 to 1500 tons of coal, worlh from $5000 lo $6000, al !he lowest estimate bolhof the quan
tity mined and of its true value." "The directors have unhesitating confidence in the eventual 
success of the mining operations at Mansfield ; and nothing but the universal prostration of en
terprise and business, has prevented their pursuing these operations on a scale commensurate with 
lhf'ir confidence and the public importance of the subject." 

There are two ~ethods of ascertaining the value of this coal for fuel: both of which it is desir
able should be applied. One is chemical analysis: b)r which we learn how much carbon, or com
bustible matter, it contains, and how much earthy residuum that is useless : and the other is ex
perience in using it. In 1835 Dr. C. T. Jackson analysed two specimens taken from the depth 
of about 25 feet, and the results were as follows : 

ls/. Specimen. 2d. Specirnen. 
Carbon, 98 Carbon, 96 
Peroxide of iron and alumina, 2 Peroxide of iron and alumina, 

100 100 

I have made but two trials with specimens obtained at the mine in 1838, and 
the result is as follows : 

Carbon, 
Residuum, 

1st. Specimni. 

Specific Gravity, J.70. 

94 Water, 
6 Carbon, 

Residuum, 
100 

2d. Specime1l. 

5.6 
88.8 

5.0 

JOO. 
The amount of carbon in these specimens is a little greater than Prof. Vanuxem obtained 

from two specimens of anthracite from Rhode Island. In one he found an earthy residue of 
5.07 per cent. and in the other of 15.60 per cent. He also found about the same per cent. of 
water as I obtained in the second trial; this item having been neglected by me in the first trial, as 
well as by Dr. Jackson, as our chief object was to ascertain the amount of earthy residuum. The 
amount of carbon in the Mansfield coal is nearly equal to that in u the purest anthracite of 
Lehigh,'' in which Prof. Vanuxem found 3.3 per cent. of earthy residue, and the mean of the 
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four analyses given above is only 4.4 per cent. of residuum . The composition, then, indicates 
the very best kind of anthracite. Its specific gravity, however, is 1.70; while a specimen of 
Peach Mountain coal in Pennsylvania, was only 1.49; and hence, perhaps, we mightexpectsome 
more difficulty in producing perfect combustion in the former than in the latter. 

As to the testimony which experience gives to the value of this coal, so far as that testimony 
is within my reach, it corresponds to what chemical analysis would indicate. It ought to be 
recullected, however, that beds of coal near the surface of the earth, are always more less affected 
by the action of water, which insinuates itself into their crevices. I have understood, that from 
this cause the coals of Pennsylvania have improved since the beds were first opened. It ought 
also to be recollected, that coal from a new locality may be expected to require a little different 
mode of management to make it burn well ; and alsc.o that when men do not find such new arti
cle to conduct precisely like that which they have been accustomed to use, they are apt to infer 
at once that it must be of au inferior quality; and they are not willing to be at the trouble of 
making experiment.a to get over the difficulty. 

"The quality of this coal,,, says Gen. Chandler, "has given very good satisfaction generally 
to the purchasers, notwithstanding it was taken by many under unfavorable circumstances.,,
" Many competent judges who have had opportunties of testing its qualities thoroughly, represent 
h equal, in their opinion, to the Pennsylvania Anthracite in all its essential properties."-" The 
fine coal has been taken in considerable quantities and used as fuel for steam power, and proves to 
be a very superior article for that purpose, &c." 

Foster Bryant, Esq., of Mansfield, who appears to be very familarly acquainted with all the 
mining operations in that region, states, that as the beds have been explored to greater depth the 
quality of the coal has improved, which he imputes to the action of the water upon the upper 
port ion of the beds. This often prevents the thorough combustion of the coal, although it ig
nites without difficulty and burns well for four or five hours. He adds, that" the coal of Mans
field, even in its present impure state, is capable of being converted to all economical purposes, 
and contaminated as it now is by adventitious substances, it is a better, far better article, than the 
coals from the Little Schuylkill were in 1831, and altogether better than the first year's produce 
from the Lackawana mines-" 

"The quality of the coal," says Mr. Dorr," has afforded entire satisfaction to those who have 
taken the pains to give it a thorough trial, and to investigate its distinctive properties. Several 
of the dir~ctors use it exclusively for fuel, in open grates, cylinder stoves, and cooking ranges. 
It is found to ignite and burn best with a very moderate draught: and broken to about the size 
of a butternut. Uniformity in size is of course desirable. U oder favorable circumstances, little 
difference is found in comparison with the best Pennsylvania anthracite, whether in relation to 
facility of ignition or intensity and durability of heat.'' 

"The community generally, from feeling less interest in its success than the proprietors, will 
naturally take less pains in its use; and like every new discovery, its general introduction will 

doubtless be gradual." 
In my Report of 1838, I adduced the testimony of Capt. Bunker and 35 passangers, of the 

steam boat President, on board of which the Mansfield coal was used during a trip from Provi
dence to New York. They regarded this coal" fuJly equal to the Pennsylvania coal in all es
sential properties." In a Report on the Coal Mines of the state, made to the Legislature of 
Massachusetts in 1839, we have a similar certificate from 16 of the inhabitants of Mansfield 
who had used the coal in their stores and families. They state that " the coal taken from 26 to 
50 feet in depth was poor, and much of it scarcely capable of combustion," but" that taken from 
the depth of 60 feet and upwards, is equal to the Pennsylvania coal in all respects excepting a 
larger portion of waste," (P· 34.) A short account which I shall give in the sequel, of the coal 
mines of Rhode Island, will tend to confirm this testimony still farther. 
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Explorations of the .l'tfansfield Coal Company, and the .llfansfield .Jlfining 

Company. 

The Mansfield Coal Company have simply sunk a shaft of 64 feet near the center of Mansfield, 
but have met with only a little coal: another shaft was sunk, half a mile north-west of the !Jar
den farm, by the Mansfield Mining Company, to the depth of 84 feet, in which a bed only a few 
inches thick was crossed. A drift was then commenced at the bottom of this shaft, horizontally, 
towards the southeast so as to cross the strata. This had not been pushed far, when a bed of 
coal was struck, which, at the place, was about 10 feet thick ; though ou exploring it laterally 
fora few feet, it was found to be somewhat irregular; as indeed most of the beds are in the region, 
and as they are in fact in all coal fields. In crossing this vein, 25 tons of coal were thrown out, 
some of which is of a very superior qu1lity; as may be seen in the collection (No. 207.) :For 
specimens I am indebted to Mr. Joseph D. Clapp, the agent, who informs me that this vein has 
received the name of the" Wading Vein." When I visited it in October it had recently been 
discovered, and I have not since learned whether it has been pursued farther. J subjected 100 
grruns of it to analysis with the following resuli.. 

Carbon, 
Alumina, Iron, &c., 

Specific Gravity, 

96 

100 
J.79 

We have seen, from the testimony of Gen. Chandler, that four dist inct beds of coal are already 
known upon land leased to the Massachusetts Mining Company. Mr. Foster Bryant states, that 
"seven distinct veins of coal have been struck in Mansfield, and the strongest indications are 
found of five more, one of which, from its great breadth is probably a continuation of the great 
vein at Cumberland." This is a great number to be discovered so early. For it ought to be 
stated that the whole of that region is covered by a coating of diluvial earth nearly 20 feet thick ; 
so that it is only when in digging a well, or other excavation, that much chance exists for dis
CtlVering the coal: for I could not learn that any streams in the vicinity have cut through this 
diluvium. The fact that with such peculiar difficulties in the way, so large a number of beds 
have been discovered in the space of a little more than two years, is to my mind a very strong 
proof that the region of Mansfield is likely to prove a very rich and valuable coal field. By 
looking at the Geological Map of the State it will be seen that the greywacke formation embraces 
a large part of Bristol and part of Plymouth counties, as well as a part of Rhode lsland. All this 
apace which Mr. Bryant estimates at more than 400 square miles, is to be regarded as a coal field; 
and indeed, on the northern side, which is nearly 30 miles long, coal has been found in various 
places through the whole distance. A very large part of this extensive region is covered by a 
thick coat of diluvium, as in Mansfield; and where rocks appear in place above the surface, they 
are those varieties of the greywacke which are least likPly to contain coal, being coarse and 
hard. The coal usually occurs in fine dark colored slate, alternating with gray sandstone: and 
these are very liable to be disintegrated and worn away. Hence, the best prospect of finding 
coal is where the rock is most worn away, and the soil deepest. Such is the rock every where 
found in Mansfield, and since an almost perfectly level plain exists there, over many square miles, 
] infer that the rock is very similar over its whole e~tent; and hence that probably we may hope 
for more success in explorations there, than in almost any other part of the coal region above de
scribed. 
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Jt is a fortunate circumstance that the great Rail-Road from Boston to Providence passes 
•1cross the center of the plain of Mansfield, and within 20 rods of the Harden farm, where the 
most extensive exploration has been made. From this spot it is 15 miles to Providence, 11 to 
Taun'..ou, and 26 to Boston. A more favorable situation could hardly have been chosen for the 
location of this coal, had the proprietors themselves selected the site. 

Cdal rarely occurs in vein1, properly so called: tho.t is, occupying fissures u:hich run across the lay

trs of the rock. But it i~ uniformly found lying between the layers of the rock; that is,in what are cal
led seams, or beds. If the layers of the rocks are horizontal, the beds wiU be horizontal. But gen
erally, and especially in the graywacke formation, the strata dip moreorless beneath the horizon, 
and of course the coal beds dip at the same angle. Being thus inclined, they will also run in the 
same direction as the upturned edges of the rock in which they are contained. Hence every 
coal bed will have a certain dip and direction. The extent to which the bed on the Harden farm 
in l\fansfield has been opened, viz, 150 feet each way from the shaft, affords a good opportunity 
to determine these points in l'espect to that mine. I applied the clinometer and pocket compass 
at the bottom of this mine, and found the dip to be 53Q north-westerly, and the direction nearly 
N. E. and S. W ., though ex hi bi Ling minor deviations. And such are the dip and direction, with
in a few degrees, of all the rocks and coal beds that have been e:-.plored in the graywacke of Bris
tol County 1 an<l in Rhode Islam! ; except that on the Island it is said the dip is nearly 90° south
easterly. 

Now it is evident, that if a trench could be cut through the loose soil across the edges of the 
strata, it would bring into view all the beds of coal that exist in them. But several gentlemen 
who are practically acquainted with such operations, assure me, that such a trench would be far 
more expensive than it would be to sink a shaft several hundred feet into the rock; and then 
to push horizontal drifts through the rocks at right angles to the strata. And besides, were this 
done, and a rail-way laid at the bottom of the drift, as soon as a bed of coal was discovered, the 
mining and raising of it might immediately commence, without prC\'enting the further prosecu
tion of the drift. 

This, then, appears to me, the thing that is wanted in the region under consideration. Suppose 
such a shaft, for instance, to be sunk 300 or 400 feel in the vicinity of the mine on the Harden 
farm, and a drift extended in opposite directions across the strata. \Ve might be almost certain 
that these drifts wou:d cross several valuable beds, since they are already known to exist in the 
vicinity. And thus the proprietors might have a fair prospect of remuneration, even if no new 
beds should be discovered: since this would prnbably, io. the end, be the most economical way of 
opening the beds now known. But it is hardly to be conceived that no new and valuable beds 
would be discovered by extending the drift farther. Yet if they should not be found after car
rying it forward a reasonable distance, it might be abandoned with little loss. How far it might 
be thought advisable to prosecute such a drift, it is difficult to say, until the work be begun: 
but perhaps it would be desirable to extend it several miles; which might be clone, I understand, 
for less than $25,000 per mile, exclusive of the cost of the shaft. I .should not be surprised if 
in tunneling towards the north-west, from the center of Mansfield, at the depth of 300 or 400 
feet, the level should, ere many miles, be arrested by unstratified rocks, which rise to the sur
face within a. few miles in that direction, and the graywacke may be thinner near the edges of 
the formation than in its more central parts. ln the opposite direction, I should not expect any 
such obstruction, til! the drift had been carried to the eastern part of Middleborough. 

I have been told that the three companies above named,as engaged in mining for coal in Mans
fiehl, h:t\'e thought of uniting their fesourccs for examining the vicinity of that place, by a plan es
srntially the same as th'lt mentioned abo\'e. This resolution is certainly deserving of high com
mendation. For should these companies succeed in laying open a sufficient number of beds of 
coal to supply the wants of the eastern half of M:issachusetts, (and 1 am not without strong 

18 
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hopes that they may succeed,) so as to render our citizens independent of foreign importation, 

and reduce the price of fuel at least one half, hardly anything can be thought of that would give 

such a spur to industry and enterprise, and tend more to permanent prosperity. And allow me to 

inquire, whether the object is not of sufficient importance, and the prospect of success encourag

ing euough, to induce the Government of the State, by loan or otherwise, to encourage this 

undertaking. In general, it is probably best to leave such enterprises to private efforts; but in 

this case the investments must be so hea,·y that p1 ivate companies may not feel justified in ap

propriating sufficient money to have the work done thoroughly: and if the Government, proba

bly without any pecuniary loss, can lend its aid, it will give a powerful stimulus to private exer

tions. I make this suggestion, however, without any request on the part of these companies, 

and even with scarcely a personal acquaintance with any of their number. 

It will probably surprise most of the citizens of Massachusetts to be informed, (as we are by 

the able report on our Coal Mines above referred to,) that about two and a lialf millio11s of dol
lars are annually sent out of the state for fuel ! Not less surprising is the fact that Pennsyl

vania realizes from her coal mines an annual income of four and a half millions ; and Great Brit

ian, of 192 millions of dollars. 

Diluvial Drift of Coal. 

Ge:neral Chandler mentioned to me a mod~ of exploring for coal, which he had successfully 

adopted, and which may be of use to others, depending on a knowledge of the direction which 

\Vas taken by the diluvial waters that deposited the deep accumulation of sand and gravel lying 

over the coal region. It is an ingenious pr::ictical application, and at the same time a beautiful 

illustration and confirmation of the general doctrine advanced in my former Report, that a power· 

ful diluvial current has swept over this state from the north. Whenever in digging into the soil 

he found fragments of coal, guided by this principle, he dug in a northerly direction; and never 

failed lo find the number and size of the fragments to increase until he arrived at the bed from 

which they were broken. Following the fragments in the opposite direction, they c~1ntinued to 

decrease in size and number until at the distance of several rods from the bed they disappeared. 

Hence, if in digging through the soil no fragments of coal should occur, it might pretty safely be 

foferred that no bed of much size exists for several rods in a northerly direction ; and if they are 

found, the explorer need be at no loss in what direction he will find the bed. 

Coal Bed in Foxborough. 

I ought perhaps to have described the coal bed in Foxborough earlier. For it is only about 

two miles from the excavations in Mansfield, and belongs to the same coal field. Good coal was 

obtained there, formerly, in two places a few rods apart: but the shafts are now filled up. A 

specimen of this coal gave the following results upon analysis : 

\Vater, 
Carbon, 

Earths, oxides, &c., 

Specific gravity, J.86. 

77 

18 

100 

The quantity of earthy matter here is mu<'h larger than in the specimens from Mansfield; yet 

it is not much larger than sDme of the coals contain that are extensi\•ely used; and very proba-

~~s t~:ds~~~:~:nr:!~~eld:;~~::!t~as comparatively poor. It is not probable1 howev~r, that 
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.!lntltracite in Wrentham. 

Several excantionshavc been made in the southerly part of \Vrentham for coal: but only in 
one place has any been found: although some interesting vegetable relics have been brought to 
light at nearly all the pits. At the place where some anthracite has been discovered, an explora
tion 180 feet deep has been made; all except 10 feet, in a dark carbonaceous slate, running near
ly east and we.st, and dipping north about 45g. The specimens of coal were a good deal mixed 
with earthy impurities an<l iron pyrites. Never1helcss I analyzed one of them with the follow
ing resultti. 

Water, 
Carbon, 
Earths, oxides &c. 

6.6 
50.4 
43.0 

Unless a purer variety thi\n this can be found, it will hardly be worth exploration; and in fact 
the explorat ion has been abandoned; as beds, even of a variety so poor, have been yet found 
only a few inches thick. 

.!111thracite of Rh.ode Island. 

) notice in this place the coal of Rhode Island, first, because it is found in the same coal forma.
tion which occupies the southern part of Massachusetts: secondly, because the beds lie so near to 
Massachusetts as to be as important to her inhabitants as to those of Rhode lsland: and thirdly, 
because some of these beds have Jong been wrought and experiments were made to determine the 
value of the coal for fuel : and therefore will help us in forming an opinion respecting the coal of 
Massachusetts. 

The coal bed in Cumberland, which is only a mile or two from the Massachusells line, was 
discovered and opened somewhat earlier than those in Mansfield. The dip and direction of the 
beds are the same in both places. The bed in Cumberland was 9 feet thick at its outcrop, beneath 
20 feet of diluvium: but at the depth (Jf 40 feet, it had increased to 14 feet. It was explored 70 
feet deep, or 300 feet laterally, when the work was suspended by the destruction of the machinery 
by fire. The testimony of Mr. John Alexander, the agent of the N. England Coal Mining Company, 
by whom the mine has been opened, and of several other gentleman who seem to have given the 
coal a fair trial, is very decided that this coal is of a good quality, not inferior to that in Mansfield, 
and scarcely inferior to that from Pennsylvania. It is also the uniform testimony, that it increases 
in value as the depth increases from which it was obtained. (Report on the Coal Mines of Afa3-
1aclutsetts p. 29.) It is greatly to be desired, that the application of this Company to the Gov
ernment of Rhode Island for aid in reopening this mine, may be successful. 

In the south part of Newport, on the island of Rhode Island, beds of anthracite occur a few 
inches in thickness. During the revolutionary war, the British army, after consuming nearly all 
the wood upon the island, attempted to find coal at this place; and the marks of their explora
tions yet remain. But near the beginning of the present century, more extensive excavations 
were made at Portsmouth, in the north part of the island, and with no little success. 

Dr. Meade Eays, that the vein then wrought was 14 feet wide; and< with only fifteen work 
men, they can raise at pl'esent from 10 to 20 chaldrons of coal per day, bes ides keeping the mine 
free from water; from which they suffer little inconvenience.'• He speaks of the bed of coal as 
'not horizontal or vertical, but forming an angle of about 75. g 

• Bruce:'• Minera.logical Joun1.a.l, January, 1620, p. &t. 
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A great variety of causes led to the abandonment of these explorations ; but a few years i::.ince 

they were again resumed; and through the kindness of Dr. Thomas H. \Vebb, of Providence, I 

have before me a letter addressed to that gentleman, from J. Clovrns, the intelligent agent em

ployed to superintend this second exploration; from which I derive the following facts respecting 

the anthracite of Portsmouth. The letter is dated February 18th, 1828; which appears to have 

been about the time ·when the work was the second time abandoned. 

The quantity of anthracite raised at these mines in 1827, by 20 men and 5 boys, was 2200 

tons, and an equal quantity of slack: that is, very small coal and dust. The former sold at the 

mine for $4.50 per ton, of 2240 pounds ; and the slack for $1 per ton. The slack was used for 

burning lime and bricks. The best coal was mostly employed for fires in families, except in 

New York, where it was used for making glass; for generating steam under the common circu

lar or round boiler; for blacksmilhs; and in general for any purpose where anthracites are 
employed. 

The agent regards these mines as capable of furnishing an inexhaustible suppiy. He represents 

the coal as occurring in veins ; but his descriptions apply rather to beds; and I am almost cer

tain that it occurs in beds. Six of these have been exposed; and more than 30 are said to exist 

in that part of Rhode Island. Their direction is southwest and northeast, and they dip southeast 
from 40° to 90. 0 

The following are the strata that were penetrated in sinking a water shaft, or engine pit, 87 

feet; and in fifteen other places they were found to be very similar. 

Sand and Gravel, 
Dark Colored Slate, 
Hard Compact Graywacke, 
Soft Black Slate, 
Hard Brown Slate, 
Soft Fine Gray Slate, 
Very Hard Brown Slate, 
Gray Freestone, 
Coal, 

9 feet. 
12 
23 

17 

12 

Vegetable remains were found only in one of these excavations, about nineteen feet below 
the surface. 

The failure of the mining operations in Portsmouth, between the years 1809 and 1816, result

ed, according to Mr. Clowes, from two general causes: 1. A want of practical skill in those who 

conducted the operations. This prevented as much system in the works as was necessary, and 

also the introduction of proper and economical machinery. And h ~says, that' amongst the many 

losses, which contributed to work their ruin, that was not the least, of allowing or permitting the 

workmen to have from half a pint to a pint of spirituous liquors during the working hours. We 

neither allow nor permit any thing of the sort, nor is it allowed or permitted in any mining es

tablishment in Europe. Instead of benefitting a man it actually incapacitates him: and exclusive 

of the immoral effects on the passions of the wol'lunen, 1 consider it a loss to the owners of at 
least one sixth of the whole manual labor.' 

The second cause of failure, he says, lay in sending the coal from the mines in an improper 

state; that is, unsorted, and. in too large lumps. He says that the Rhode Island coal does not 

break easily when ignited, like the Lehigh coal, and that this fact and the amount of impurities 

which it contained, injured its reputation in the market. He thinks that if mixed in equal 

quantity with the Pennsylvania or bituminous coal, it answers best for fuel: and be says be has 

abundant evidence, that one ton of the Rhode Island coal, mixed with a ton of that from Pennsyl
vania, is equal to two tons of the anthracite from the latter state. 
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Numerous experiments were made a few years ago, and are detailed in the eleventh volume of 
the American Journal of Science, by Mr. Bull of Philadelphia, and Profpssor Silliman of Yale 
College, to determine the l~omparative value of the Rhode Island and Pennsylvania anthracite: 
and the fair conclusion from all thtir experimenls is, that the former is not much inferior to the 
latter. Now as the Mansfield anthracite belongs to the same continuous formation, and can 
hardly be distinguished from tbat of Portsmouth, by its external characters, the same conclusions 
will apply to both. But e\'en though we should admit that the New England anthracite is a 
good deal inferior to that from Pennsylvania, it may still be very valuable. 

The fact is, anthracite has to struggle with prejudices wherever it is first introduced, arising 
chiefly from the comparative difficulty with which it is ignited; and it happens in regard to this 
substance, as with most things new and untried, that the community generally feel, as if their 
business was to find as many objections to it as possible; and the man who would bring any new 
substance into general use, needs no small share of patience, and perseverance. Dr. Meade 
states, that an experiment made several years ago at Smithfield, upon the burning of limestone, 
with the Rhode Island coal, and another upon the burning of brick, in the vicinity of Boston, 
were thought to be complete failures, because the heat was so intense, that the surface of the 
lime and of the bricks was vitrified; whereas the fact ought to have taught the experimenters, 
that a more careful regulation of the heat would ensure success. Indeed, I predict, that ere long, 
in nearly every case where a strong and steady heat is required, anthracite will be found su
perior to all other kinds of fuel ; an<l that the anthracites of Rhode Island, Mansfield, and even 
that of Worcester, w ill be considered by posterity, if not by the present generation, as a treasure 
of great value. The Pennsylvania coal may indeed, for many yPars, commaud the market ; but 
I apprehend, that the time will come, when the expenses of its transportation to the Eastern 
States, and the increasing demand for it, will lead to the re-opening of the pits, that are now 
abandoned in New England. 

In the sandstone in the vicinity of Connecticut river, anthracite has been found in very small 
quantities, at Turner's Falls in Gill, at the Southampton lead mine, whose adit penetrates this 
rock, and at Enfield in Connecticut. But this is probaPly bituminous coal, rendered anasphaltic 
by local causes. 

The geological character of the rocks containing the workable anthracite 
of Bristol County and of Rhode Island, is a point of no small importance. 
In my former reports I have regarded this rock as graywacke and graywacke 
slate; and have considered them older than those containing anthracite in 
Pennsylvania; while the rock embracing the Worcester anthracite is older 
than either. The characters of these rocks, as well as of the coal, form the 
basis of this opinion : and although it seems probable from the researches of 
Prof. H . D. Rogers, that the Pennsylvania anthracite is in secondary rocks, 
yet I am still disposed to think that the coal region of Massachusetts and 
Rhode Island, must be referred to the transition series; that is to the gray
wacke. I did suspect that it might be of the same age as the anthracitous 
rocks of Pennsylvania: but upon re-examination, the arguments appear to 
me rather to preponderate against that opinion. I shall consider the subject 
in detail in the scientific part of my Report: but wish here to say, that even 
if the New England anthracitous formation be graywacke, it can militate but 
slightly against the probable value and extent of the coal which it contains. 
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Formerly I confess I had not great confidence that its value or extent was 
great. But more thorough examination and the development of new facts, 
have produced a sincere and strong conviction that both Massachusetts and 
Rhode Island possess in this formation a treasure, as yet mostly hidden, but 
which will be more appreciated as it is more developed. 

Bituminous Coal. 

The sandstone formation in the valley of Connecticut River is the only 
region in Massachusetts where bituminous coal has been, or probably ever 
will be found. As yet it has been discovered there only in thin beds of little 
importance ; and it becomes an interesting question whether the prospect of 
finding larger beds is great enough to justify an extensive exploration. The 
first point to be determined is, to what part of the series of rocks is this 
sandstone formation to be referred? From the fact of its containing coal 
some have referred it at once to the coal formation. But from arguments 
which I shall present in the scientific part of my Report, I am forced to the 
conclusion that it belongs rather to the new red sandstone series; or that it 
is the equivalent of that formation in Europe. 

Yet if this be admitted, shall we infer that there is no hope that it may 
contain coal in such quantity, and of such quality as to be useful for fuel 1 A 
few years ago, geologists would have peremptorily decided this question in 
the affirmative: but in the present state of their science, it seems to me we 
may at least reasonably hesitate, and perhaps draw a contrary inference. It is 
now generally admitted that all coal has a vegetable origin; and that simply 
by the long continued action of water, under certain circumstances, vegeta
ble matters pass into the state of peat, next into lignite, then into bitumin
ous coal, and finally into anthracite: though this last substance more com
monly, perhaps, results from the action of heat on bituminous coal: and if 
the heat be powerful enough, even plumbago may be produced: 'as wood 
has been, thus changed,' says Dr. Macculloch,* 'in my experiments, and as 
coal is daily in the iron furnaces.' Such a change he found, in one case at 
least, produced upon common coal, in the vicinity of a trap dyke: hence he 
reasonably infers, 'that even the plumbago of the primary strata, no less 
than the anthracite, might as well have originated in vegetables, as that each 
of these should owe an independent origin to elementary mineral carbon.' 

According to this theory, why may we not hope to find large quantities 
of workable coal in any formation where we find it in small quantities ? For, 
the same causes that could produce it in thin beds, might reasonably be sup
posed adequate to the production of large masses. Anthracite is found in 
almost every rock from lias to gneiss ; and bituminous coal occurs in the oo-

.. System of Geology, &c::. Vol. 1. p. 298. 
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Ii tic and new red sandstone series, as well as in the proper coal measures.* 
True, so far as we yet know, the coal measures contain the principal depos
its of the latter species in Europe; and perhaps in this country: But who 
knows whether the circumstances under which our new red sandstone was 
deposited, might not have been such as to produce extensive masses of coal? 
This would not constitute so great a difference between our new re<l sand
stone an<l most of that in Europe, as the almost entire absence in the former 
of gypsum and rock salt; minerals which, on the eastern continent, are re
garded as eminent] y characteristic of this formation. In Yorkshire, Eng
land, coal has been found in the new red sandstone : and on the European 
continent, as in Polan<l,t occasionally in thin seams: and it has been recent
ly ascertained, that the Brora coal field in Scotland, which is probably the 
equivalent of that of Tecklenberg-Lingen, in Prussia, is contained in the 
lias ;! a formation which lies above the new red sandstone; an<l, therefore, 
every presumption is in favor of finding coal in the new red sandstone ; since 
this lies between the lias and the real coal measures. This conclusion is still 
farther strengthened by the fact, that Humboldt, Daubuission, and other able 
geologists, consider the red sandstone group, and the coal measures, as be
longing to the same formation.~ All these facts prove, it seems to me, that 
it was a hasty generalization which limited workable coal to the coal meas
ures ; and that, therefore, we should not be prevented from searching for coal 
m the new red sandstone of the Connecticut valley. And besides, it may be 
that the trne coal formation lies beneath the red sandstone. 

The ooal in this rock occurs in the form of thin beds and irregular nodules, which are rarely 
b'Jt a few inches in diameter. In almost every instance, it appears to be the result of the car
bonization of a single plant, whose form can be distinctly traced ; though it is alwt.ys broken 
into fragments, whose length rarely exceeds two feet. At Whitmore's ferry in Sunderland; in 
the north part of South Hadley, and on the north bank of Westfield river in West Springfield, 
the coal is highly bituminous: though least so at the last named locality. But at Turner's falls, 
in Gill; at the Southampton lead mine, and at Enfield falls, (Connecticut,) it is anthracite. At 
the junction of this same formation with the greenstone at Berlin, in Connecticut, Dr. Pt>rcival 
has described a vein of bituminous coal penetrating the greenstone. He says, however, that' it 
more usually has the appearance of cinders so mixed up with siliceous matter as to be hardly 
combustible.' 

It becomes an interesting inquiry, whether local circumstances will enable us to explain why 

• See Brongniart's Tableau de la Succession et de la Disposition des Terrains et Roches, &c. Pa.rie, 1829, 
Also Conybeare and Phillip's Geology of England and Wales, Vol. J p. 329. Al. Brongniart also de, 
scribes, as occurring in the Plastic Clay Formation of Mount Meissner in Hesse,' a true anlhracite-lhal i• 
to aay , 11 den1'e carbon without bitumen, sometimes with a dull, 11ometimes lvith a sblning fracture . We 
here find a thicker bed of compact, solid, bituminous carbon, having a nearly straight fracture, burning witlJ 
facility, aod preaenting many of ihe characters of true Coo.I.' Phil. Mag. Vol. II. N. Series, p.108, 

t Conybeare'• Report on Geology, (1832) p. 390. 

t Philosophical Maguine, Vol.IL N. Series, p. JOl. 

§ De la Beche's Geological Manual, 2d. Edition, (London, 1832.) p. 405. 
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the coal at some of these localities is bituminous, and at others anthracite. 'We know,' uys 
}Jrof. Al. Brongniart,• 'that the coal which is in contact with the veins or dykes of la;anite, or 
trap, that traverse it, and that which approaches masses of porphyry, is less bituminous than 
other portions of the be<l, and that it even loses all its bitumen, and in passing to the state c..f an
thracite, exhibits, as it were, a kind of vitreous texture, &c.' Few geologists will now doubt 
but the proximity of granite produces a similar effect. Now at Turner,s falls we know that a 
large mass of trap is not far from the coal ; and at Southampton, that granite is still nearer; and 
hence we should expect the coal at these places to have lost its bitumen. I am not aware, how
ever, of the proximity of either of these rocks to the coal at Enfield falls; though ignorant of 
its particular location. At SunderlanJ and South Hadley the trap is so far distant, that we are 
not surprised to find bitumen. The ex istence of bituminous coal, however, in the trap at Berlin, 
Ct. is quite remarkable 1 and the fact that a portion of it is converted into pseudo cinders, proves 
that heat does not necessarily drive out the bitumen. 'fhe contorted condition of the strata at 
the locality of coal in West Springfield, renders it quite probable that trap rock exists a short 
distance beneath the surface. The pretty uniform dip of the strata, where they are laid bare in 
that town several miles in width, by Westfield river, is from 159 to 20Q east. But at the spot 

just referred to, we find the anomaly which is here sketched. It is a satisfactory explanation of 
this case to suppose that greenstone, or some other igneous rock, has pressed upwards with such 
force between A and E, as to give to the strata a saddle shaped appearanceforafew rods. (Four 
rods from A. to E.) 

Bit11mi1101ts Coal, West Springfield. 
Within a few years past, the banks and the bed of the river at the 

place above sketched, which is called Midneag Falls, have been somewhat 
extensively excavated for building factories. The consequence was, 
the bringing of coal of the most beautiful variety, that I have ever seen ; 
a specimen of which is in the State Collection. It appears to exist here 
in the form of small and irregular veins, the coal also being filled with 
numerous thin veins and crystalizations of calcareous spar. This is a 
most remarkable mode of occurrence, and very interesting in a scientific point 
of view: and perhaps, also, of consequence in a practical point of view: 
otherwise I should not here describe it. Coal is, indeed, described in geolo
gical books as sometimes occupying fissures in rocks, along with fragments 
of those rocks: but in this case the coal is broken by mechanical violence. 
Yet at West Springfield, it has evidently been filled into the fissures, just as 
the associated calcareous spar was, by a chemical agency. The latter may 
have been deposited from water: but I can conceive of no way in which the 
coal could have been formed, but by sublimation and consequent solidifica
tion, as the temperature was reduced. 

• Tableau de• Tern.in• &c. p. 283. 
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ln short, my supposition is, that coal may exist beneath this spot, and that 
by the agency of trap rocks, a part of it was melted, the superincumbent 
sandstone forced up, aud into its fissures the sublimated coal ascending, but 
not being able to escape, was reconsolidated into coal. I am aware of but 
one analogous fact having been noticed 4'1sewhere,* and this makes me less 
confident in this hypothesis. Yet every fact respecting the situation of this 
coal corresponds to it, as does also its chemical composition. For if it were 
the result of sublimation, we might expect it to be free from those earthy 
and metallic matters, that I believe have always been found in coal upon 
analysis. Ami such it will be seen, is the fact with the West Springfield 
coal: or rather it is free from impurity as most crystals are. It is, indeed, 
difficult to separate mechanically from this coal all the thin layers of calca
reous spar with which it abounds, and hence there will often be a small re
siduum after burning in a platinum bowl: but diluted cold nitric acid dis
solved this almost entirely, with effervescence in three trials which I made; 
and hence I conclude it to be carbonate of lime, which ought not to be reck
oned as an impurity, because existing only in the fissures of the coal, and 
subsequently introduced. 

A pure specimen of this coal yielded, upon analysis, as follows: 

Volatile matter, (water and bitumen,) 
Carbon, 
Earthy residuum, 

22.00 
77.97 
0 .03 

JOO. 

The method which I adopted to ascertain the amount of volatile matter 
was simply to heat the triturated coal in a broad platinum bowl, nearly to 
redness, until all the bituminous odor had disappeared. This, I am aware, 
is not a very satisfactory mode of determining the amount of bitumen ; but 
it is sufficient for my present purpose to show, that a large proportion of 
bitumen exists in this coal. And every one must see, that its composition is 
such as would make it one of the finest coals ever discovered, could it be 
found in sufficient quantity. 

If the hypothesis above advanced b& true, there would result as an infer
ence, a probability, that, by boring into the sandstone in the bed of the river 
at the highest part of the arch, a bed of coal might be discovered. And 
since the span of that arch is so limited, it seems hardly possible, that the 

• Richard E. Taylor Esq. has recently described a genuine vein of bituminous coal of considerabk e:ttent , 

oear Ilavanna 1 in the island of Cuba. His analysis of this coal is as follows, 

VolatileMatter1 (gas&c.) 

Carbon, 
Ashes and cinder, 

Plii.losophical .lfogaz:i:ne, 3d~·crics Vol . 10,p. 160. 

19 

63.00 
34 .i/7 

2.03 
100.00 
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upht>aving power can be situated more than 100 or 200 feet below the river: 
that is, the trap rock, the supposed disturbing cause, would probably be 
struck before that depth were reached ; an<l since the coal, if it exist, must 
lie above the trap rock, this would be reached. Whether the probability of 
finding a bed of workable coal is strong enough to justify the expenditure of 
a few hun<lred dollars in such an exploration, others concerned can now 
judge as well as myself. 

Useless Search/or Coal. 

When we consider the great economical value of coal, it is no wonder that 
it should be sought after with great avidity. But it is to be regretted that so 
many unreasonable expectations of finding this substance prevaH in many parts 
of the State, where a slight knowledge of the geology would enable any one 
to decide with absolute certainty that no coal exists. It may be stated with 
a good deal of confidence, that the graywacke formation in the eastern part 
of the state, and the sandstone on Connecticut river, with the range of im
perfect mica slate extending from the mouth of Merrimack river to the south 
part of Worcester county, are the only portions of the state where coal will 
ever be found; and even in respect to the last named rock, it would be un
reasonable to expect in it coal of much economical value. It is possible, I 
grant, that some of the dark colored slates of Berkshire County may con
tain anthracite, allied to plumbago; but very probably all their carbonaceous 
matter will be found to consist of plumbago: and it would be extremely inju
dicious to make any expensive researches in that county for coal. Indeed, 
the same may be said in respect to every part of the state except the valley 
of the Connecticut and the graywacke region of the eastern part of the state. 
Yet in almost every part of the commonwealth, besides those just named, I 
have found respectable men so confident that coal exists in their vicinity, 
that every effort of mine to convince them to the contrary, seemed only to 
increase their confidence in their opinion. In some cases it is easy to see 
how a person unacquainted with rocks is deceived. In Dedham, for instance, 
I noticed that in digging wells, it was common to strike upon a disintegrat
ing trap rock, which considerably resembles the bituminous shale that en
closes coal; and I found that the proprietor of one of these wells, which was 
originally commenced only for getting water, ha<l been carrying it deeper in 
search of coal: and he appeared to be perfectly confident of finding it, by 
pushin~ the excavation deeper; which he intended to do ere long; and it 
seemed to me that all my enderivors to convince him that his labor and mon
ey would be lost, only strengthened his opinion. And yet granite and trap 
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were the only rocks visible in that vicinity ! Coal was to be found in rocks 
which have most assuredly been once in a melted state! 

A tradition has long existed that the Indians were acquainted with a local
ity of coal near l\Ionument mountain in Great Barrington: and a few years 
since, a descendant of these native~, from the western part of the country, 
was induced to return thither in order to point out the spot where this trea
sure was concealed. He professed, however, to take offence at something and 
departed without making the disclosure. I think that I have been more for
tunate, and have discO\·ered the spot, without either an Indian or a mineral 
rod. At the eastern foot of l\Ionument mountain, in an open pasture, lie, 
one or two large fragments of rock, containing sclwrl: a mineral exactly re
sembling coal in appearance: but which is not only notcoal, but a certain in
dication that the rock in which it occurs does not contain coal. For it is a crys
talize<l mineral, found only in the older rocks, and never in the coal forma
tion. Yet this is the substance, which being discovered a few years ago at 
the mouth of Kennebeck river, led to the announcement in the newspapers 
that a rich mine of coal had been found there: and I doubt not but it formed 
the foundation of the tradition respecting coal at Monument mountain. 
Surely I cannot conceive what other appearance there could have given rise 
to such a story. For the mountain itself is composed of granular quartz, and 
all the region around is as unlike a coal region as it well can be: nearly as 
much so as a region of trap and granite. 

It ought to be remarked, however, that anxious as our citizens are to find 
coal within our borders, and confident as many of them are that it exists 
around them, scarcely no expense has been incurred in useless excavations. 
And it is sincerely hoped that enough of geological knowledge is now diffused 
through the community, to prevent any of those extravagant enterprises of 
this kind, which ha1•e proved ruinous and ridiculous in other parts of the 
United States. · 

A year or two since it was stated in the public papers, that a rich deposit 
of coal had been found in .Montague nearly opposite the mouth of Deerfield 
river. Appearances are indeed as promising at that spot, as almost any 
where in the valley of the Connecticut, the rock being shale resembling that 
which accompanies coal. And some of it is glazed with carbonaceous mat
ter: and this is in fact the supposed coal. But having subjected some of it 
in an open platinum vessel to the heat of a strong furnace for 2 1-2 hours, 
it lost only 6.7 per cent. leaving 93.S per cent. of matter absolutely incom
bustible! It is by no means impossible that a good bed of coal may be found 
at this place: but the preceding statement shows that it has not yet been 
discovered. 
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Peal. 

I' Taking the state as a whole, peat is but little use<l, either as fuel or ma-
nure; though most employed for the latter purpose. Yet for both purposes 
its use is rapidly increasing, especially in the eastern part of the state, where 
fuel is more expensfre. In view of its importance, I have made some efforts 
to ascertain its probable amount in our swamps. But this is very <lifficult; 
both because our swamps, where it occurs, have been but slightly explored, 
and because much is called merely mud, that deserves the name of peat. 
Several gentlemen, however, to whom I addressed inquiries on this subject, 
in different towns, have ventured to give an opinion as to the thickness of the 
beds, and the number of acres of peat found there. The following state
ment embraces nearly 50 towns; though by no means all in which I know 
peat to exist. But my object at this time is to give data for forming an ap
proximate estimate of the amount of this deposit in the state. 

Besides the towns mentioned in the table, appended, I am sure of its existence in the following 
places: and I doubt not but I might add nearly every town in the State. It exists in Seekonk, 
Uxbridge, Co' assett, l\Ieclfid<l, Walpole, Wrentham, Dovl :s, Framingham, 8ndbury, Topsfield, 
lpswich, Pittsfield, Leverett, Hadley, Sunderland, Shutesbury, Lanc<.1 ;lcr, Hopkinton, MC"dway, 
Stoughton, Boylston, Reading, Milton, Needham, Billerica, Bedford, Wallham, \Vaterlown, 
Action, Danvers, Chelmsford, Hamillon, Tisbury, Chilmark, Yarmoulh, Brewster, Orleans, 
Eastham, 'Vellfleet, Truro, Provincetown, Falmouth and Barnstable. 

TOWNS.1Thicknc8'oflhc Bcd•. \Acmcovmd by Peat Swamps.I U•c. I Aulho.-ity 

~~l:~t'• \k :: ~ ~~=: j~'~:~~·:t,~~I~~ long, SO rndsl Fuel & monurn. IAlo>no Grny. 
wide 1 (300.) Scarcely used. Al<len Spooner. 

~E~!i~~r... m::r:~~::::::: iii~~::::' 1"''- :~~;·\·u~i'~~.Jy ~·:·,:~:; ~r .. ~~.::r· 
Buckland1 1 swamp 30 ft. deep o 

mud. 50 acre's swamp. Silas Smith. 

~=~~~~~~~:i;, 3 
to 

8 
feet. ~t::~~)b!~r~s~r1~uac~~e;~~t. Manure only. fj'_h~v~C0uksh7:~n. 

Bridgewater, Exlensive brds. Fuel & manure. I:' Leach. 

g~~vc::1d 1 ~ ~~ ~tef:~·t of mud in 500 to 700 acres. do do. Cyrus.Stow. 

Cbilmnrk 1 
Dennis, 
Dighton, 
Duxbury, 
Easlham 1 

Falmouth, 
Groton, 
Hinghnm, 
Halifox 1 

Hanson, 
Hanover, 
Holden, 
Kingston, 

l
v::i:~:P• 
Jto4fect. 
Plenty. 
2 to20 feet more. 
2 feel ~o unk. depth. 

l
~~~o2~5f::~.t. 
2 to 6 feet. 
2 to 10 feet. 
ltolOfeet. 

!

Rather abuundant. 
Notahundaut. 
2to 10 feet. 

500 to BOO acrPs bog swamps Not used. John Savary. 
Pnhaps IOOncres 
100 lo200 acres. 

Abundant. 
do. 

20to30acres. 

l
linnd"dsofac_"'· 
50 to 100 acrrs 
100to200aeres. 
lUOOacres. 

!Many S•·amps. 

Fuel. L. Nickersnn. 
Nol much used. 
Fuel&mauure. G.Bradford. 

Manure. 1~~~~gPa~o~;'.ns . 
Manure chiefly. J. Grern 

. ,Henry Cushing. 
Il<'gm. to be used. J P. Thnmpson. 
l'uel&nrnnurn.11'. P. lfowland. 
Latelj•used. A.G. Duncan. 

l ~=~~;:.ouly. ~\o;~~hClJ~~;~s. 
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.. TOW NS !Thickness ofthe Beds., Acres covered by Peat Swamps., Use. I Authority 

t~~;~~,~~~w, llnexhau•toble 1~:~i:~~=~O me• I Not u•ed I 
Ludlow, 12 to 15 feet 50 acres I Manure H W B Aldeu 

!fr~1~~;·~~ 1 l~Ot~0G 11~:~ sometimes ~~~r~0t~1!~aioe:cres Fuel ] ~~;~;~e~ ~:~t~0r8 

~l~~:~~'Y I'~~~ ~01!:~' l~ui':~;~:~.~~~~,300to400 mo<0,Fdu;I l ~f.:,~., ~~~%:: 
Oxford 4 to 12 feet Several hundreds Stephen Davis 
Nantucket l toJ4 feet !J85acres I Jared Coffin 
Randolph, I foot to a great depth Fuel chrefly Zcnas Frncb, Jr. 
Rowley, 3to6rnches Morethan500acrea 
Roxbury, 3() rnclws avC'r:ige Manure cluefly A A Hayes 
SJ>t'nctr, 2 to 3Utnches 1000 to2000acres IFuel Jonas Guilford. 
Southborough, 1Th1ck 1500 acrt>s Fuel and manure IJoel Burnet 
S Read1ng1 3 feet a\r,.rage 20U acres L1llE'y Eaton 
\Veston, JO feE't nnd less Numerous Swamps Manure A Bigelow, Jr 
Wales &Holl d 4 to IO ft.et :200 acres I do E G Fuller 
~~1;~11~~~l1on, l ~~~~d:i~t~tmgs deep.' \"Some hundredt1.'' Fuel. 1 ~~11~: 0B~ob~~lt. 

lt will be seen, that scarcely any towns, in the four western counties of 
the state, are mentioned above. This is partly explained by the fact, that 
fuel is more plenty there than in the eastern counties, so that public atten
tion has never been directed so much to our fossil resources. But I thjnk it 
undeniable, that the amount of good peat in the western counties is much less 
than in the eastern. Although perhaps the swamps abound as much in veg
etable matter, that would be useful in agriculture, yet it does not seem to be 
converted into genuine peat, though I doubt not that it will be easy to find 
a large amount of it when there is a demand for it. Excluding these west
ern counties, and taking the amount of peat given in the above statement 
as a fair average of its quantity in all the towns of the other counties, (ex
cluding the large towns,) it woukl follow, that 80,000 acres, or 125 square 
miles, are covered with peat in that portion of the state, having an average 
thickness of 6 feet 4 inches. This area and depth would yield not far from 
121 millions of cords. lf this should be thought by any to exceed the quan
tity of good peat existing in that section, I presume no one will consider it 
too high an estimate of the amount of swamps filled with vegetable matter. 
I presume it falls far short of the true amount. And we hence get an enlarg
ed view of the quantity of matter in the state that may be employed as fuel, 
or in agriculture, that has hitherto, except in some limited districts, remained 
almost untouched. It is true, that peat is not so convenient and agreeable a 
kind of fuel as good wood or coal ; yet it certainly answers a very good pur
pose, and the facts in the case tend to allay the apprehension, which must some
times rise in the mind of one who sees, in the gradual diminution of our 
forests, a future check to our prosperity and population. It is gratifying to 
learn, fro111 so many towns, that the inhabitants are awaking so much to the 
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use of peat and peaty matter. Some gentlemen have e\'en spoken of it as a 
"peat fever." I hope it has not yet reached its crisis. 

VII. ROCKS AND MINERALS FOR ARCHITECTURAL AND ORNAMENTAL 

PURPOSES. 

I bring under one head the two objects of architecture and ornament, be
cause they are so intimately connected that it is not ~asy to separate them. 
Very little use, however, has yet been made of our mineral resources for 
mere ornament: but for the purposes of construction, they have been very 
extensively employed. 

I. Granite and Sienile. 

Much confusion has arisen in the application of these terms. They were 
originally applied to designate rocks very different, if not in composition, 
yet in their geological relations. But most of the rock that is generally de
scribed as sienite, is a variety of granite. This is certainly the case in Mas
sachusetts. Wherever the granite admits hornblende into its composition, 
I have considered it as a sienite; and not unfrequently the hornblende con
stitutes the principal ingredient; taking the place, more or less, of the quartz 
and mica, so as to form a compound of hornblende and feldspar. This com
pound forms some of the most beautiful varieties ofsienite, though extremely 
hard to work, for architectural purposes. But not a little granite that contains 
no hornblende goes by the name of sienite. Thus, much of the Quincy 
granite is wanting in hornblende; but being almost destitute of mica, and 
having the close aspect of sienite, it is called indifferently by either name. 

The variety in the composition, color, and hardness of these rocks in 
Massachusetts, is almost endless. The quartz and feldspar are commonly 
white, yellowish and gray: the latter not unfrequently flesh colored: the 
mica is very often black, but sometimes of a silver color. When the quartz 
prevails, the rock is easily broken, but hornblende renders it tough. The 
predominance of feldspar generally gives the rock a more lively white color 
and renders it rather easier to work. But I shall not attempt to describe 
particularly all the varieties of these rocks that occur in the State. An in
spection of the specimens which I have collected, will at once give an idea 
of the kinds obtained at the principle quarries, and of numerous other varie
ties which I have met with in different localities. (Nos. 1271 to IS48, and 
1410 to 1458, also 2395 to 2477.) 
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The very coarse varieties of granite, which are found in some parts of the 
State, do by no means furnish a good building stone : indeed, some of them 
hardly serve for common walls. Much of granite in the vicinity of Connec
ticut river, is of this description; as also a considerable portion of that forming 
beds in gneiss, which extends from Southboro' to Andover. But most of the 
granite in the eastern part of the State, is of so fine a texture, as to answer 
admirably for architecture and other economical purposes. Along with sien
ite, it extends around Boston, running in a curvilinear direction, at the dis
tance of fifl:Pen or twenty mill's. From Cohasset to Quincy, at the southern 
extremity of the curve, and from the end of CapP Ann to Salem, on the north, 
the formation is most fully developed, and is there quarried extensively. 
The Quincy quarries are probably the best and most generally known; and 
few citizens of the State are unacquainted with the rock thence obtained, 
now so extensively used in Boston and elsewhere. The quantities which 
those quarries (or rather mountains) will fumish, are incalculably great. 
One railroad, as is well known, has been used for se1'eral years to conYey the 
granite from the quarry to Neponset river, a distance of three miles. It is 
thought, however, that the granite has not reached its minimum price. Yet 
even now, Boston is almost as much distinguished for its granite structures, 
as the metropolis of the Russian Empire. 

Some of the granite obtained on the north of Boston, cannot be distinguish
ed from that of Quincy. I observed the resemblance most strongly in Dan
vers and Lynnfield. At the former place it is quarried, and fine blocks are 
obtained. Extensive quarries are also opened in the north side of Cape Ann, 
in Gloucester, as well as at the Harbor. The rock here resembles that of 
Quincy; but it is generally harder and of a lighter color. At these quarries 
no railroad (except one of a few rods in length) is necessary to transport the 
rock to the sea-side : since vessels can approach very near the spot. And, 
since the demand for this rock must increase, in our country, for many years 
to come, and Cape Ann is little else than a vast block of it, it seems to me 
that it must be regarded as a substantial treasure to that part of the State,
far more valuable than a mine of the precious metals. At Squam, in Glou
cester, I was informed that blocks of granite had sometimes been split out 
sixty feet in length; indeed, I saw the face of a ledge from which they had 
been detached. At Pigeons Cove a mass was detached 100 feet long and 4 
feet thick. 

At Fall River, in Troy, which lies upon Taunton river, are other exten
sfre and interesting granite quarries. This granite, as the l\Iap will show, 
is connected with the Quincy range abo1·e described. Yet the greater part 
of the granite in Plymouth and Bristol is coarser than that of Quincy and 
Gloucester, and more ljable to decomposition. But no rock can be finer for 
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architectural purposes than the granite of Troy; and immense quantities 
have been obtained from this locality. The large manufactories at Fall 
River are built of it, as is also Fort Adams at Newport, Rhode Island. The 
feldspar of this rock is a mixture of the flesh red and light green varieties; 
the former predominating: the quartz is light gray, and the mica, usually 
black. It works easily, and has a lighter and more lively appearance than 
Quincy granite. Blocks of this granite have been split out from filly to sixty 
feet long, as a sign-post at one of the former public houses at Fall River, will 
attest: it consists of a single block. The contiguity of this granite to water 
transportation, will always render it peculiarly valuable. 

The granite range extending from Cohasset and Quincy, through Ran
dolph, Stoughton, Foxborough, &c. nearly to Rhode Island, affords much val
uable stone for architectural purposes: and it is wrought more or less in 
every town through which it passes. 

The branch of this extensive deposit of granite, wlu.:h is fully developed 
a little south-west of Dedham, furnishes some beautiful varieties of stone. 
No better example can be referred to, than the elegant pillars of the Court 
House in Dedham. This granite is very fine grained, and so white, that at 
a short distance it cannot be distinguished from white marble. The pillars 
just named were obtained near the dividing line between Dover and Med
field, where vast ledges of excellent stone occur. 

The stone used in Boston under the name of Chelmsford granite, is found 
in a range of this rock, not connected with the deposit that has been describ
ed above. Nor does it come from Chelmsford; but from Westford &.nd 
Tyngsborough. In the latter place, it is obtained chiefly from bowlder 
stones; but ledges are quarried in Westford. I do not know why it has 
been called Chemlsford granite, unless from the fact that large quantities are 
carried to Lowell, (formerly a part of Chelmsford,) to be wrought. This rock 
is pure granite, with no hornblende; and being homogeneous and compact in 
its texture, it furnishes an elegant stone. Good examples of it may be seen 
in the pillars of the United States Bank, and in the Market House in Boston. 
These were from Westford. 

Four miles north of Lowell, a quarry of this granite has been opened in 
Pelham, N. H. Blocks may be obtained from this place of any length under 
thirty feet. It is a very fine variety, is much used, and appears superior to 
the Chelmsford granite. 

The Westford and Pelham granite is connected with an imperfect kind 
of mica slate, in which it seems to form beds, or large protruding masses. 
At Fitchburg, a little south of the village, is a large hilt of the same kind of 
granite. This is quarried though not extensively, on account of the little 
demand for the stone. This single hill 300 feet high, and nearly a mile in 
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circumference at 1~ base, might furnish enough to supply the whole State 
for centuries. And there is neeJed only better mea::• of transportation to 
bring it into extensive use. 

The manner in which the granite is usually split out at the quarries is this. 
A number of holes of a quadrangular form, a little more than an inch wide, 
and two or three inches deep, are drilled into the rock, i-.t intervals of a few 
inches, in the direction in which it is wished to separate the mass. Iron 
wedges, having cases of sheet iron, are then driven at the same time, and with 
equal force, into those cavities; and so prodigious is the power thus exerted, 
that masses of ten, twenty, thirty, and even fifty and sixty feet long, and 
sometimes half as many wide, are separated. These may be subdivided in 
any direction desired; and it is common to see masses thus split, till their 
sides are less than a foot wide, and their length from ten to twenty feet. In 
this state they are often employed as posts for fences. 

Respecting the price of the granite from the quarries that have been de
scribed, I have not been able to obtain much information. At Fitchburg, I 
was told that it was sold at the quarries, well dressed, at forty cents the 
superficial foot; and at Squam at forty-live cents. 

The cost of hammering and line dressing granite in Boston, in the style 
of the Tremont House, I have been credibly informed, is about thirty cents 
the superficial foot. Ordinary work, however, is from twenty-live to thirty 
cents; and not unfrequently, even as low as twenty cents. 

Posts for store-fronts cost about thirty-four cents per foot in Boston. The 
columns of the Hospital were obtained for about one dollar per foot. 

To show how rapidly the price of granite has fallen, I would state on the 
authority of a respectable architect in Boston, that the cost of the blocks of 
the Quincy granite for the Bunker Hill monument, delivered at Charlestown, 
in a rough state, was thirteen cents, three mills, per foot; and the cost of the 
unhewu stone for the church built in the year 1831, in Bowdoin street, 
Boston, was fifteen cents: but six years before, the rough Quincy granite, 
for the United States Branch Bank, cost two dollars per foot. 

I have now given an account of the most extensive and important quarries 
of granite and sienite in the eastern part of the State. Granite is wrought 
more or less, however, not merely in all the towns through which its ranges 
pass, but also in other places, in their vicinity; large blocks of it having been 
removed thither by diluvial action in former times. 

Although the granite in general, in the vicinity of Connecticut river, is too 
coarse for architectural uses; yet in Hampshire county are several beds of a 
superior quality. Perhaps the best is found in Williamsburgh, a few miles 
from Northampton. This rock, (some of which may be seen in the front of 
a few buildings in Northampton,) and in the mansion of the Hon. James 

20 
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Fowler in Westfield, very much resembles the gra,nite found in the vicinity 
of Dedham, and yields in beauty and value to none in the State. It exists 
in abundance in Northampton, Whately, and V\' illiamsburgh; but has yet 
been quarried only on a very limited scale. 

On the east side of the Connecticut, a very beautiful sienitic granite exists 
in Belchertown; in which the mica, when the hornblende is wanting, is very 
black. It is not surpassed in elegance by any rock in the State ; but it has 
not as yet, to my knowledge, been quarried at all. Indeed, very little real 
granite is employed in the middle or western parts of the State, except in a 
rough condition. 

This sketch of the granite of Massachusetts, although brief, is sufficient to 
show that we have a great number of varieties, and an exhaustless quantity 
of this most valuable material for durable and elegant architecture. N umer
ous varieties not mentioned above, which have fallen under my consideration, 
either in ledges or loose blocks, will be found in the collection of specimens ; 
and some of these are peculiarly beautiful. Numerous other varieties have 
doubtless escaped my observation. Indeed, we may safely assert, that no 
part of the world is better furnished with this useful and indestructible rock. 

2. Porphyry. 

This term, as it is employed in the arts, embraces several varieties of rock 
not designated by its strict geological sense. Although upon the Map, I 
have included in the term, only the porphyry of geologists, yet in this place, 
I shall describe all those compounds occurring among us, which have been 
denominated porphyry in the arts. 

The first and most extensive of these, is the genuine feldspar porphyry, 
represented on the Map in large quantities in the towns of Medford, Malden, 
Chelsea and Lynn, on the north of Boston; and in Needham, Milton and 
Braintree, on the south. This is the oldest and most enduring of the por
phyries, and, indeed, the ha~dest of rocks. Its basis is generally compact 
feldspar, rednced to a homogeneous paste, and of various colors ; as light 
purple, red of various shades, brownish black, and greenish gray. Theim
bedded crystals are either feldspar, or quartz alone, or existing together in 
the same rock; and their colors are very various, though more usually white 
or gray. By these mixtures porphyries are produced, rivalling in beauty 
the best antique porphyry. This rock is polished with so great difficulty, 
that it is rarely used in our country, either for ornamental or useful purposes. 
But it would be strange if an increase of wealth and refinement should not 
create some demand for so elegant and enduring a rock. Whenever this 
shall happen, the vicinity of Boston will furnish every variety that can be 
desired, and in blocks large enough for any purpose. Quite a number of 
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smoothed or polished specimens may be seen in the collection. (Nos. 1231 
to 1269.) 

The porphyry range on the north of Boston, is most perfect in its charac
ters, and in the greatest abundance at any one place; although the southern 
range spreads over a greater extent of surface. In Lynn, and some other 
towns, I have observed blocks of porphyry that were brecciated-that is, 
they were composed of angular fragments of porphyry reunited. This fw·
nishes a beautiful variety for polishing, (Nos. 1264 to 1269.) 

On many of the beaches south of Boston large quantities of porphyry, 
sienite, and granite pebbles, are accumulated, so that a fine collection may 
there be obtained. The places which I can refer to with most confidence; 
are the head of Nantasket Beach, the northeastern extremity of Cohasset, 
and the beach at the foot of Manomet hill in Plymouth. In a few places, 
as at Hingham, I noticed that these beautiful pebbles had been collected and 
used for paving the alleys in front of the houses: those of different colors 
being arranged in a beautiful manner so a~ to present an elegant Mosaic. 
It seems to me that if some of these pebbles were polished, or only varnish
ed, so as to exhibit their true character, they might even be employed along 
with sea shells for parlor ornaments. At any rate, they would ornament a 
geological cabinet. And I )lave been surprised that no lapidary has made a 
collection of the many elegant varieties of our granites, porphyries, and 
other beautiful rocks, for the purpose of selling them. II they were only 
cut into small specimens and polished, and arranged into a sort of mosaic, 
set in marble, as is done so beautifnlly in Italy, can there be a doubt but 
they would meet with a ready sale~ Even if no other varieties were intro
duced than I have placed in the Government collection, such a table must 
be an elegant parlor ornament, and the directions which I have given, will 
enable an artist early to find the localities of these. But many more varie
ties would no doubt be easily discovered. 

The beach at Manomet hill in Plymouth, is almost entirely covered with 
bowlders and pebbles for one or two miles in length. I passed over it.~ 
whole length one summer morning in 1839, so early that the sun had not 
dried off the rain of the preceding night: and the colors of the specimens 
were brought out as perfectly as by polishing. It was equal to passing 
through a fine geological cabinet. It was more: for this cabinet of nature 
was on so grand a scale as to throw into the shade all the works of man. 
Were I a resident of Plymouth, I am sure I should often anticipate the 
morning sun in an excursion to this spot. 

Sienitic Porphyry. 

When sienite contains crystals of feldspar imbedded in the mass, it is 
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said to be porphyritic; and some varieties of this rock in the eastern part 
of the State are very elegant. Essex county produces some of the finest 
specimens, particularly Cape Ann. Sometimes the imbedded crystals of 
feldspar, are white, sometimes flesh colored; and in Gloucester, I found a 
rock in which they were of a rich bronze color. These sienitic porphyries 
are extremely elegant when polished; but I am not aware that they are em
ployed at all for ornamental purposes, in this country. (Nos. 1341 to 1346.) 

Porphyritic Greenstone. 

The ingredients of greenstone arc often not easily distinguished from 
each other by the naked eye; and when, in such a case the rock contains 
disseminated crystals of feldspar, it becomes porphyritic. If these crystals 
are greenish white, and the base blackish green, the rock is the green por
pl!yry of the ancients. In Dorchester, Brooklyn, and Roxbury, according 
to the Messrs. Danas, it occurs in rounded masses; and in small quantity, in 
veins, at Marblehead. But I have found it in large veins, traversing sienite 
at Sandy bay, on the northeast side of Cape Ann. Large blocks might be 
hence obtained: and if polished, it would constitute a truly splendid orna
ment for the interior of a church, or a private dwelling. 

If the feldspar crystals be black, or grayish black, the rock is the superb 
b'lack porphyry of the ancients. This occurs in small beds and rolled mass
es in Charlestown, and in veins of greenstone, at Marblehead, according to 
the Messrs. Danas: but I have not met with it. 

The hornblende slate in various parts of the State, but particularly in the 
region of Connecticut river, is frequently porphyritic: and exceedingly re
sembles porphyritic greenstone; being, in fact, composed of the s:i.me ingre
dients ; and differing only in its slaty structure, and in the more distinctly 
crystaline character of the hornblende. The disseminated crystals of feld
spar are usually white. In Canton and Easton, they are sometimes the com
pact variety, yet retaining their form perfectly. A fine variety and in large 
quantity occurs in Heath, a specimen of which may be seen in the collection. 
(No. 944.) 

In Ipswich I found a bowlder of greenstone in which are imbeddcd nu
merous distinct crystaline masses of jet black Karinthin. (No. 1159.) 
The same rock occurs in Durham N. H, and on the western slope of the 
Green Mountains in Vt. But I apprehend that the color of the rock is too 
dark to be employed much for ornament, 

3. Trap Rocks. 

is :r~e~::0:;~ rock of 1Hassachusetts, that is of any importance in an architectural point of view, 
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Greens lone. 

This is one of the most enduring of rocks ; but it is usually so much di
vided by irregular seams, into small and shapeless blocks, that it is but little 
employed, either in the construction of houses, or walls. Its dark color, also, 
renders it less acceptable than granite or limestone. Still it is beginning to 
be used for building houses, in its unaltered state. The irregular blocks may 
be so laid with white mortar, especially in the Gothic style of building, as to 
form a picturesque and pleasing structure. The Episcopal Church in the 
city of New· Haven, Conn. presents a good example of this kind of archi
tecture. 

In the valley of Connecticut river, much of the greenstone is vesicular, 
and not well fitted for buildings. But those numerous beds of this rock that 
are shown upon the geological map in \Vorcester county, are very compact 
and well adapted for architecture. This rock as it exists in bowlders has 
such an unpromising aspect that it is usually overlooked or disregarded; as 
it was by me till recently. But I suspect that it may be found in some towns 
where no other good rock exists for building : and where it would be em
ployed if its good qualities were known. 

4. Gneiss. 

This rock is commonly known under the name of granite; and, indeed, 
it is composed of the same materials; but in the gneiss, the structure of the 
rock is slaty, and it splits in one direction better than others ; yet this slaty 
structure is often hardly perceptible, even in wrought specimens; and hence 
for all architectural and economical purposes, the distinction between gran
ite and gneiss is of small importance; though of much consequence in re
spect to the science of Geology. 

The quarries of gneiss in Massachusetts are perhaps even more numer
ous than those of granite, though not in general so extensively wrought. It 
forms admirable building stone; and is in no respect, that I know of, inferi
or to granite; while the facility with which it cleaves in one direction, ren
ders it easier to get out and dress ; so that it can be afforded at a less price. 
Accordingly we find that a large proportion of the better class of buildings 
in the extensive portion of the central part of the State where this rock pre
vails, are underpinned by wrought blocks of it. Its fissile character also, 
renders it an excellent material for common stone walls and flagging stones. 
The same property enables the quarryman to split out layers of it of almost 
any size, and only a few inches in thickness: and their surface is generally 
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so even, as to require but little dressing. Hence it is very common to sec 
such large stones of this description in front of very many of our churches 
and other public buildings. 

In Europe gneiss seems to have been applied to few useful purposes. A 
late geological writer in Great Britian, says that 'this schistose (slaty) body 
serves no particular purpose in the arts of life.'* Dr. Macculloch however 
mentions that the micaceous varieties are employed in building and some
times for roofing.t This rock appears to be more perfectly developed in our 
own country than in Europe. 

The western part of Worcester county, and the eastern parts of Hamp
den, Hampshire, and Franklin counties, afford the best quarries of gneiss. 
That branch of the Worcester range extending into Middlesex county, and 
the range in Berkshire county, do not furnish so good specimens for archi
tecture, though by no means devoid of interest in this respect. 

The quarries of gneiss that are most extensively wrought, and furnish the 
best stone, are situated in the following towns: Wilbraham, Pelham, Monson, 
Palmer, Montagne, Dudley, Millbury, Westborough, Boylston, and Ux
bridge. Much of the stone at these quarries can hardly be distinguished 
from granite, even by the Geologist. The Millbury gneiss, for instance, is 
very much used in vVorcester, and does not there present any appearance 
of stratification, and very little of a slaty structure: while the granite, that 
is quarried in the east part of Worcester, is distinctly divided into parallel 
masses and would probably be called gneiss by most persons, rather than the 
Millbury rock. 

At these gneiss quarries it is easy to obtain blocks from ten to twenty feet 
long, which are only a few inches thick. At Dudley, I was told that nar
row slabs of this rock, snch as would answer for posts or side walks, cou Id be 
split out, and delivered in the center of the town for four cents per foot. 

The quarries in Monson and Palmer are distinguished by one peculiarity of some importance. 

The strata are nearly perpendicular to the horizon, and are divided by a set of parallel seams, 
running horizontally, int.o blocks of any desired thickness, and of a width varying from one foot 

to four feet. This is most remarkably the case at a quarry 1 1-2 mile northwest of the center of 

Monson, where blocks may be got out 70 feet long. On dressing this rock the surface, from the 

irregularity of this laminar arrangement, and the diversified colors of the materials, becomes 

highly variegated, so as at a little distance to appear like clouded marble. This is a very fre

quent appearance in the gneiss of other localities; as in that of Millbury, Wilbraham, and Pel

ham ; and often it is a really elegant rock. Good samples of this variegated gneiss may be seen 

in many of the houses and stores in \Vorcestc1, Springfield, Amherst, and : :Monson: in the lat

ter place especially in the dwelling house of Joel Norcross Esq. Upon the whole the 

quarry in Monson above described, which is only two or three miles from the Springfield and Bos

ton rail road, promises the most of any in the state Beautiful sepulchral monuments are some-

*Ute's Geology, p. JOO. I Macculloch't System of Geology, Vol. 2. p. 155. 
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times made from it. For the sake or variety at least, one of thls description ought to be 
placed at Mount Auburn. 

5. Hornblende Slate. 

This rock is usually associated with gneiss, and is by some regarded as a variety of that form
ation. Nevertheless it is a very different rock, both in composition and aspect. I do not recol
lect to have seen it employed in Massachusetts for any purpose except for common stone walls. 
It is often, however, very fissile, and presents an even surface. And in the side walks in the 
city of New Haven, I have noticed good flagging stones of this rock. I presume some of the 
localities in Massachusetts would furnish slabs for the same use : as for instance in the vicinity 
of New Bedford, and in the towns of Leyden, Heath, 'Warwick, &c. 

6. Micct Slate and Quartz Rock. 

The first or these rocks has usually a structure too irregular for the purposes of construction: 
But sometimes it can be split into large slabs of conveniPnt thicknPss i as in the range that 
passes through Goshen, Chesterfield, &c. where it is quarried for hearths and door stones: it 
being so even and smooth as not to require dressing, and being also tolerably good for bearing 
moderate degrees of heat. The quarries of Bolton in Connecticut, which probably furnish the 
best flagging stones in the United States, are in mica slate, and the rock of Goshen, &c. might 
be used for the same purpose, were it near a market. But the principal use of the mica slate of 
Massachusetts is for firestoneand whetstones: and these will be described in another place. 

Our quartz rock, which is usually associated with mica slate, or gneiss, is less frequently 
employed than mica slate for the purposes of.. construction. From the quartz rock of Washing
ton in Berkshire county, very fine flagging stones are obtained. Jn the narrow range also, col
ored as mica slate, but which frequently passes into quartz rock, running across the state from 
Monson to Warwick, I apprehend good flagging stone exists. I would refer particularly to a 
hill, 100 rods east of Sedgwick's tavern in the south part of Palmer, near the Boston and Spring
field rail road. None of this has been dug out: but 1 am disposed to believe that this hill would 
furnish good stone for this purpose; and not unlikely also some firestone. I shall notice in an
other place other localities of quartz quartose firestone as well as quartz adapted for the manu
facture of glass. 

7. Talcose Slate. 

The greater part of this rock, or those portioos of it that usually go by the name of talcose 
and chlorile slate, are very similar to mica slate in their adaptednes3 for architectural purposes. 
But I hardly know of their being employed except for common walls. Soapstone, or Steatite, 
however, is now regarded as a variety of lalcose rock; and this is one of the most valuable 
rocks in the stale, and therefore its localities deserve special description. 

I am of opinion that along the Western rail road, in the west part of Chester and 1\Iiddlefield, 
good qnarries of flagstone and of building rock may be opened in the perpendicular ledge-s of 
mica slate, talcose slate, and gneiss, which crowd upon and overhang that road. Other valuable 
rocks occur in the same region, as I shall soon show. 

Steatite or &apstone. 

This is the softest of all the rocks employed in architecture. This prop
erty, rendering it easy to be sawed or cut without injuring an edge too~ and 
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its greasy or soapy feel, are such striking characteristics of this rock, that 
most people are acquainted with it. It is sometimes called potstone, and 
Bometimes in this country,Jreestone. It is composed mostly of talc. 

Next to the ease with which it may be wrought, its great power in resist· 
ing heat, is the most valuable property of this ~ock. Hence it is extensively 
employed for fire places and furnaces. 

It is also turned into crucibles and small furnaces for culinary use. Ink
stands are made of it in great numbers, and various other articles. As it 
hardens in the fire, it is used in Europe for imitating engraved gems. It has 
been employed in various countries as a substitute for soap and fuller's earth. 
Spanish and French chalk are varieties of steatite. Savage nations are said 
to mitigate hunger by eating this soft mineral; as however it contains noth· 
ing alimentary, it can act only as a palliative of hunger.* Those varieties 
that are most infusible are employed in England extensively in the manufac
ture of porcelain. 

Steatite, like serpentine, usually occurs in beds of no great extent. They 
are numerous in Massachusetts, and very commonly they are associated with 
serpentine, or in the vicinity of it. This is the case in the northeast part of 
Middlefield, where one of the finest beds of it, in the State, is found : al
though it contains small masses of bitter spar, which renders it less easy to 
work. But this quarry has been explored more extensively than any other 
in the State; and the blocks transported to Northampton, and even to Bos
ton. In Windsor are not less than three beds of this rock, from which the 
New Lebanon Shakers obtain it, for converting into inkstands. I found ~ 
small bed of it in Cheshire, one mile east of the Four Corners in the gneiss 
formation. Another occurs in Savoy ; one in Hinsdale ; one also in Blanford, 
which is wrought and produces an excellent stone. Two beds occur also in 
Granville. Another is opened in Zoar, where are two distinct varieties, one 
nearly white, another of a deep green. In Rowe is another quarry, where 
these two varieties are equally distinct. At the two last named localities, 
however, the rock is distinctly green and white talc; and indeed, the two 
minerals (talc and steatite) are probably in every case identical. 

In the west part of Chester, near the Western rail road, and aboul a mile from where Henry's 
tavern was formerly kept, is a bed of considerable extent, between talcose and hornblende slate, 
and associated with serpentine. It has been wrought on a small scale, and may probably prove 
very valuable from its proximity to rail road. l am told that this same bed appears a mile or 
two farther north, on the east side of the river, towards Middlefield. 

On the east side of Connecticut river are several beds of this rock, more or less quarried in 
every instance; but in general not explored deep t::nough to develope the rock in its unaltered 
character; for the air and moisture generally affect it for several feet deep. In the south part of 

• See Brongniart'1 Mineralogy, 
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Shutesbury is one bed: in the southwest part of Wendell another; and two miles east of the 
center of New Salem, a third. ln the west part of Petersham, a fourth. The quality of the 
rock at these places, is not as good as that west of the river; though it has scarcely been ex
plored at :ill, at the localities above mentioned. 

In Grot<Jn is a bed of soapstone 0·1 which considerable labor has been expended. lts width 
appears to bf' JO or 12 feet, and it descends into the earth towards the southeast; dipping about 
30Q, and lying between layers of mica sl:itc. It is of good quality, and its proximity tu Boston, 
Newburyport, and Salem, will probably render it an object of importance. 

A bed of soapsbne has recently been discovered in \Vorcester; and the specimens thence ob
tained, (Nos. 403 and 1548,) show it to be more elegant in appearance thau any other in the 
State. The bed has yet been penetrated only about five feet: but should it prove exteusive, 
its situation so near the Blackstone Canal, will render it an object of no little importance. It is 
not now wrought. 

In digging a well near the center of Millbury, a year or two since, a mass of soapstone of a 
rather peculiar character was penetrated : but it is not now accessible. In the same region, 
several ye:us ago, in digging the Blackstone Canal, a variety was obtained, whic;h,on being thrown 
upon hot coals, shot out into vermiform masses, which very much resembled living worm'!. It 
was for a time called ,·ermiculile: but the name is very properly abandoned. 

No. 2506 is a specimen of laminateJ green talc from Fitchburg. I am told that the bed i~ 
four feet thick, and most of it of a much finer grain than this specimen. A smal!er specimen 
sent me is nearly compact. lf enough of either kind can be obt::iined, free from foreign minerals, 
there is no doubt but it may prove valuable. 

An interesting and impo1lant locality of this rock, is in the east part of .Andover, four miles 
from the Theological Seminary. The bed lies in hornblendic gneiss, whose st1·atiti.cation is very 
irregular and in.1istinct; but I ascertained its direction to be almost N. E. and S. \V. an<l its <lip 
large, corresponding in both respects with the great deposit of gneiss extending diagonally across 
the slate. The bed is not less than 50 feet thick; and has been opened by the proprietors, Flint, 
Jenkins & Co., several rods in length. They have wrought it for a variety of purposes, and it 
admits of being smoothed so as to appear well. Its composition is remarkably uniform, consist
ing essentially of rather h:.ird foliated talc, though occasionally a black mineral is disseminated 
through it, which appears to be hornblende. Its strength appears to be greater than marble; as 
the proprietors informed me that a square piece 2 inches thick, laid on two supports 18 inches 
apart, sustained 800 pounds, laid upon a spot in the center only half an inch wide; 860 pounds 
brnke it. 

The specimen No. 2307 gives no idea of this rock, except as it is newly broken from the 
quarry. The proprietors, however, inform me, that one or two monuments made from it, have 
been placed at Mount Auburn. And for such a purpose it seems well adapled. l cannot but be
)ie\•e that this rock, which is certainly a peculiar one, and quite different from ordinary soapstones, 
will ere Jong come into extensive use, ancl the enterprizing proprietors be rewarded for their ex
pense and perseverance. It seems applicable to nearly every use for which marble is employed. 

Large b0wldcrs of this rock are scattered over a considerable space around the quarry, in an 
east and west dil'ection, , and since the diluvial current in this region was from the north, these 
bowlders render it probable that the bed is far more extensive than the spot which is opened ; or 
that other beds occur beneath the surface. 

In the southern parts of New Hampshire and Vermont, as at Francestown in the former, and 
at \Vinclham and Grafton in the latter, are fine beds of this rock : and I am told that at present 
the shops in Boston are generally supplied from those places. But as better means of transporta
tion are opened with the interior of the state, it is hoped that some of the extensive be<ls exist
ing in our mountains will be explored. It is a substance that must always be in demand; and al-

21 
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though capitalists may not expect very large returns from such investments, they can hardly fail 
of being safe, if the beds be carefully explored before thev are openrd. 

8. Serpentine. 

lu New England serpentine is almost universally associated with steatile, either in talcoseslate 
or gneissoid rock. And allhough generally regarded in Europe as an unstratified rock, in this 
country it belongs rather to the metamorphic class. But these points belong to the scientific 
rather than to the economical part of my report. 

Jn richness and varii::ty of colors, serpentine exceeds all other rocks; and is, therefore, eminent
ly suited for ornamental sculpture and architecture. The prevailing color is green, of different 
shades, spotted or clouded, or veined with other colors; and hence its name, from its spotted 
and striped appearance, bearing a resemblance to the skins of some serpents . Jn hardness it va
ries very much; being in some instances very hard, and in others, as easily wrought as marble. 

This rock exists in Massachusetts in great abundance, particularly in the Alpine part of the 
State, or in the Hoosac mountain range. The most extensive bed occurs in l\'litldlefield, in the 
southern part of the town. This bed cannot be less than a quarter of a mile in breadth, and five 
or six miles long. The colors of the rock are various, and its hardness unequal. If wrought it 
might supply the whole world. It yields both the precious and the common varieties. There 
is another bed in the same town, associated with steatite or soapstone. In the west part of 
Westfield is found another extensive bed of this rock, extending into Russell, of a much darker 
color, and containing green talc. This has been used in a few instances for ornamental archi lec
ture, and has a rich appearance when wrought. Three beds of serpentine are found in Blanford, 
and another in Pe1ham, in the soulhwesl parl of the town. The color of th is last is quite dark, 
and the quan~ity of the talc is considerably large. A large bed occurs in connection with soap
stone, on the norlh side of Deerfie1d river, in Zoar, near the turnpike from Greenfield to Wil
Jiamstown. Specimens from this place resemble those from the celebrated ldcalities of this 
rock at Zobi\itz in Saxony. Serpentine also exists at Windsor in two beds; and there is an im
mense bed of it in Marlborough, Vermont, ::md another still larger in Cavendish; as also in 
several other towns in the southern part of that State. 

I do not doubt but many more beds of serpentine may be found in the broad mountainous 
range lying west of Connecticut river: for this rock is by no means apt to arrest the attention, 
and has indeed a forbidding and desolate aspect where it has been exposed t~ atmospheric agen
cies. In some of my most recent excursions to that region, I have discovered two new beds, not 
mentioned above. One is in the gneiss formation that shows itself a mile or two east of Cheshire 
four corners. A large amount of serpentine evidently exists here: but the extent of the bed 
is concealed by the diluvial detritus. The other bed is in the west part of Chester, associated 
with steatite, on" the high mountain west of \Vestfield river. These two rocks lie be
tween hornblende s}ate on the west, and talcose slate on the east, and extend southerly at least 
iato the lofty mountain south of the southwest branch of \Vestfield river, ancl probably in a 
northerly direction quite as far. But as the serpentine is an object of no interest til any but the 
geologist, its extent has never been traced out. I have every reason to think, however, that both 
the steatite and the serpentine are associaled, perhaps as a continuous- bed, with the talcose slate 
nearly across the whole of Massachusetts. 

A locality of noble or precious serpentine has long been known to exist in Newbury, two and 
a half miles south of Newburyport, at an abandoned lime quarry, called the Devil's Den. On
ly small masses can be here obtained : but when polishe<l, they will compare with any iu the 
world for beauty. (Nos. 870 to 873.) 

\Vhen limestone is mixed with serpentine they constitute the famous venl antique marble ; of 
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'Which such extensive beds occur near New Haven in Connecticut. Some of the spcci:nens at 

Newbury are of this description; ancl more beautiful than that in Connecticut. Specimens are 

also common in the serpentine of Westfield; and in the west part of Middlefield. I have lately 

found a very delicate variety in the most easterly bed of limestone in that town. The 

limestone is hard and compact, of a white: color, and the serpentine is of a delicate green, 

forming however but a small part of the mass. When polished it presents an agreeable 

aspect. (Nos 1934. 1955.) It is doubtful whether large blocks could there be obtained. But 

both there and at Newbury pieces might be got out that would answer for small ornamental 
articles of great elegance. 

A remarkably interPsting bed of serpentine has been recently discovered in the town of Lynn

field, near the center of the place, where a quarry has been opened. The proprietor, Mr. James C. 

Nichols, informs me that he has traced the bed in a north-east direction from this spot two or 

three miles. Where it crosses the county road leading from North Reading to Salem, about a 

mile and a half from the quarry, a large quantity was blasted out, which was too hard to be 

wrought without grea"t difficulty. The bed ha1 not been traced far to the south-east of the quar
ry, as the rocks are mostly concealed by diluvium. But the great quantity of serpentine blocks 

scattered in a rather south-west direction for two or three miles, show that it docs extend that 
way a considerable distance: while their great number gives us a striking idea of the extent of 

the whole bed. There can be no such thing as exhausting it. Its width in some places is not 

less than nine or ten rods. 
From the direction of this bed of serpentine, as well as the character of the diluvium, I am 

satisfied that it is embraced in the great gneiss formation whose strata run from north-east to 

south-west across the state. Probably the bed is not far from the eastern limits of this formation. 

When first quarried," this serpentine is fftuch softer,'' says the proprietor," than any marble 

1 have seen. Jt can be cut with a handsaw, or turned in a lathe, nearly as easy as lignum vita; 
but while in this soft state it will not receive so higho. polish." The specimen No. 2182, which 
was polished and presented to the state collection by Mr. Nichols, will give an idea of common 

specimens of this stone. He says that" this serpentine can doubtless be ·wrought with less ex

pense than common marble. We have made but a small opening, yet we have obtained some 
sound slabs five feet in length: and we shall doubtless find the stone sufficiently sound to afford 

sfabs large enough for any ordinary purpose. \Ve have not manufactured much of the stone, 

nor offered any for sale : yet we have full confidence that it would find a ready market." 
Should it prove that this serpentine could be afforded at a cheaper rate than marble, I cannot 

see why it must not come into extensi,,e use in all cases where a stone of a dark shade is prefer

red ; though there will doubtless be found on exploration, pieces of various shades. The situa

tion of the quarry so near the sea-board, and in proximity with several of the largest towns of 

New England, is an additional reason why I look upon this discovery as one of much promise. 

Considering the extent and variety of serpentine in Massachusetts, it seems not a little surpri· 

sing that no efforts, or next to none, have been ma<le to use it for ornamental or architectural pur

poses. Jn Europe, it is employed for trinkets, vases, boxes, chimney pieces, and even columns 

of large size. In Spain, it is said that churches and palaces abound with columns of this de· 

i;cription. If ever the serpentine of Massachusetts shall be extensively wrought, 1 doubt not 

that spPcimens will be obtained, rivaling the finest varieties of Europe. It is not al present 

easy to obtain hand specimens, that shall give a fair representation of this rock, because it is in· 

jun-cl to a considerable depth, from the surface by exposure. 
The composition of serpentine is regarded as an object of some economical importance, be

cause valuable salts may be manufactured from it. I have therefore subjected a few of our ser

pentines to analysis ; and the results are given in the following table. 
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No. I LOCALITY. I M•gn.,;,_ Silica. I P"ox;d, of I Waler. Loss. 
Iron 

8701 Newbury, precious. 

I 
42.18 38.63 

I 

I 

l:J.46 O.!JO 

"'I 
Chester, common. 34.91 10.27 !).45 0.46 

879 Blanford, do 

I 
40.19 38.09 

I 
6.75 0.20 

893 Westfield, do.black. 33.74 43.03 8.88 13.93 0.42 

2 182 Lynnfield , do.* I 42.00 37.00 I 2.00 I 15.00 4.00 

The magnesia is the ingredient in serpentine that may be, perhaps, 
made of some economical value: and this seems, according to the above anal
ysis, to be present in large quantity: By means of sulphuric acid this 
may be converted into sulphate of magnesia, or Epsom salts; and these by 
means of a carbonated alkali, may be changed into carbonate of magnesia; 
one of the forms in which this substance is sold. in the shops. Whether 
such a manufacture would be profitable, 1 am unable to say. But I am sure 
that if such a process should be undertaken, Massachusetts can furnish 
enough of the material for all future generations and the whole world. 

By comparing the present with my preceding reports, it will be seen that 
since the first one was published, I have discovered many beds of stea
tite and serpentine : And yet I have taken no special pains to find them : 
but have fallen upon them as it were accidentally; while pursuing the gen
eral ol!jects of the survey. The announcement of deposits of such rocks, 
hitherto unknown, will not I am aware excite any interest in the communi
ty. Yet I cannot but regard every such discovery as adding a valuable item 
to our mineral wealth: for substances of this kind must come gradually into 
use as a country grows older and more wealthy: and when once brought into 
the market, the demand for them will never cease. Posterity, therefore, may 
be benefited by the new facts which I here present, if the present genera
tion are not. 

9. Limestone. 

All rocks must yield in economical value to limestone. Its importance in 
agriculture I have already considered. But as a common building stone, as 
marble, and as forming the basis of several kinds of mortar, it still remains 
to be described. 

\Vhere\'er limestone is abundant enough to be employed for making walls, 

tt.Analysisby Dr . CharlesT. Jackson. 
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it is one of the cheapest and best of all rocks. It is more easily wrought 
into proper shape, because softer, is less likely to be too fissile, and its appear
ance is better than most other stones. Hence it is sometimes employed in 
its undressed state for the walls of dwelling houses and factories: as at North 
Adams. 

When, however, limestone is free enough from fissures and compact enough 
to admit of a good polish, so as to be employed as marble, it becomes still 
more valuable. A large proportion of the limestone in Berkshire county is 
of this description: but scarcely any attempt has been made to obtain mar
ble from any other limestone bed in the state. It was formerly hoped that 
the bed in Stoneham would furnish even the rare variety used in statuary. 
And indeed, in small specimens it will compare advantageously with the fa
mous Carara marble, so extensively employed for statuary: But it is said 
that it is so full of fissures that blocks large enough for that use cannot be 
obtained. Whether the bed has been explored far enough to settle this 
point, I am not prepared to say. 

The best of the Berkshire marbles are white; most of them of snowy 
whiteness. Some of them, however, arc clouded; and very frequently they 
are gray. The gray and the white arc the most esteemed for durability. 
And it is this property that gives to these marbles, for the most part, their 
greatest value ; although they admit of a fine polish, and for primary marbles, 
are very elegant. 

In regard to the chemical constitution of these marbles, I find from nu
merous analyses, which I ha1•e made, that although magnesian limestones are 
very common in Berkshire, the best marbles are almost wholly free from 
magnesia. The beautiful clouded marble of Great Barrington is an excep
tion; containing 38 per cent. of magnesia: and I have seen a few specimens 
of very fine white dolomite, that admitted of a beautiful polish: and in fact, 
formed as elegant a marble as I ever saw. (No. 1925.) But in g!!neral I do 
not doubt but magnesia is unfriendly to the firmness and durability of mar
ble; as indeed chemical principles would lead us to expect. But more of 
this in another place. 

The great and increasing demand for the marbles of Berkshire out of the 
state, and their high character abroad, render it proper to notice all the most 
important quarries that have yet been opened, and to give all the inforr.na
tion which I am able to communicate respecting them. 

To begin in the north part of the county, we find in North Adams a marble quarry of snowy 
whiteness; and as appears from the analysis that has been given, of great purity. It is indeed a 
pure highly crystalline carbonate of lime; free from magnesia, and almost free from iron. Large 
blocks of it are easily got out. At present, however, il is not so fa\'Orably situated in respect to 
an extensi,-c marke>t as lhe more southern parts of the county; and much of it is so highly crys
talline as to mar its beauty; and probably also its ::1trengtb: Y ct it is a most valu[lble rock. 
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In New Ashford are se,·eral quarries of excellent marble, of a less highly cryl"taline character 

and a finer grain than that in Adams. The excavations have been made chidly near the center 

of the town; and formerly a good deal of stone was sawed. But the business is not now carried 

on very extensively; not on account of any deficiency of materials, or defects in the stone, but 

because the quarries in the more southern parts of the county are nearer to good market!. 

The we~tern parts of Lanesborough furnish admirable facilities for the marble business. And 

the quarries there are very extensive. The stone is very much like that in New Ashford; be

ing in fact a continuati~m of the same beds, which in Lanesborough are more fully developed and 

expanded. The analysis of three specimens of the best white and gray marble, as given in the 

general table, shows that they are very pure carbonates ; scarcely exceeded by any otl1ers. A 

specimen of this marble may be seen in the Capitol at Albany; which is constructed of it. 
Greater facilities of transportation would undoubtedly much increase the demand for this 
marble. 

In proceeding southerly, the next large quarry or marble is in the west part of Pittsfield, where 

inexhaustible quantities and of a good quality may be obtained. 

To the south of Pittsfield the limestone form::i.tion is divided by a mountain range of mica slate. 

The westerly branch contains most of the stone best fitted for marble. West Stockbridge has 

long been celebrated for the great quantity and excellent quaJity which it produces : and from the 

table of analysis, it may be seen that the best varieties from that place vie in purity with any in 

the county. The small quantity of magnesia which they contain, does not probably affect their 

value at all : and the amount of iron, an ingredient which in my estimation is more likely than 

any other almost to injure marble, is scarcely worth mentioning. The marble of North .Adams 

is perhaps a little nearer to absolute purity as a carbonate of lime, than that of West Stockbridge : 

but then the latter is more compact and firmer; qualities of high importance in good marbles : 

and often the translucency on the edge is as great as in good statuary marble. The quarries are 

numerous in this town, iu almost every part or it. Most of the marble used in building the city 

Hall in New York, was from Fitch's quarry in the south part of the town. But at some of the 

other quarries, the stone appeared to me to be of rather a more delicate quality. A part of that 

in the State House in Boston is from the same town. It is fortunate that such immense quanti

ties of so fine marble should occur at the intersection of two great rail roads: one of which, that 

to Hudson, is already opened to the west and will be soon easterly to Springfield and Boston : 
and in a few years to Albany. 

The same range of limestone extends through Alford, Egremont, and Sheffield; and in sev

eral places in all these towns quarries are opened ; and the quality is good. In the north part 

of Shefficld,is the quarry from which the marble is obtained for most of the columns of the Girard 

College in Philadelphia. This quarry is two miles north of the village. The strata, which are 

very thick, have an easterly dip of 60 or 70°. Blocks 50 feet long are sometimes blasted out 

by filling the crevices with gun powder; and masses of immense- size are carried on carts con

structed for the purpose, with large wheels, over the Taconic range, to the Hudson : \Vhere they 

are shipped for Philadelphia. Analysis shows this to be a quite pure carbonate; and yet I do 

not think it as delicate a stone as some other varieties in the county. The situation of the quarry 
however, is very favorable for e"ploration. 

A mile or two west of the village of Great Barrington, is a quarry of the most beautiful cloud

ed marble in the Slate: as may be seen by lhe specimens (Nos. 439.440.441.1932.) in the State 

collection. By analysis it appears that this rock contains nearly 40 per cent. of magnesia. This 

probably renders the stone more liable to break; still it is a substantial and certainly a beautiful 

marble, well adapted for mantle pieces and jambs. I find also that it is flexible: and since the 

flexible marble of New Ashford contains 16 per cent. of magnesia, I suspect this substance has 
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nn agency in imparting this singular property; and I doubt not that numerous localities of flexible 

fimestone may be found in Berkshire county. 

In the year 182·1 Professor Dewey estimated the value of the marble dug in Berkshire at 

$40.000. Charles B. Boynton, Esq. who has the principal direction of the marble business in 

West Stockbridge, has been obliging enough to ascertain the quantity dug in 1839: and he es

timates it at $200.000. This rapid increase shows the high estimation in which the Berkshire 

marbles are held abroad. Until 1838 there existed no increased facilities for its transportation: 

and now a single rail road from the Hudson to the western limits of the county, is the only means 

of transportation not previously enjoyed. But soon this rail road will be completed to Boston, 

and the Housatonic rail road will connect the county with Long Island Sound. I regard there

fore, an estimate of Mr. Boynton as very moderate, when he says; that "if general prosperity 

continues five years, Berkshire will at that time export marble to the value of b?.lf a million." 

He adds that" the demand for this article is constantly ahead oi our means of supply: and this 

fact is now beginning to be understood abroad, and ca.pit.al seeks investment among our hills and 

water powers." \Vhen we add to this statement, the great increase that will doubtless take 
place in the manufacture and export of quicklime, it will give some idea of the great value of 

the limestone deposits of Berkshire : of which its inhabitacts generally seem to me to be little 
conscious. 

OFortunato1 nimium1ua1ibonG.norinl! 

Mr. Boynton invented several years ago, and has long had in successful operation, an ingenious 

machine for planing marble. It would be gratifying, were this the proper place, and bad l room, 

to give a description of this instrument. But no one can see it in operation without being satisfi

ed that it must produce a very great saving of time and labor. It not only cuts all plane surfaces 

so smooth that for ordinary purposes they require no polishing, but also all strait mouldings and 
grooves with great facility and exactness. 

I have a few suggestions to make respecting lhe means of determining the comparative dura
bility of marbles from different localities: but as they will some of :h~m apply to other rocks, I 

shall reserve them till I have completed the list of our rocks useful for architectural purposes. 

Use of Limestone/or Mo1·tars. 

The most important use to which limestone is applied is undoubtedly in 
the preparation of various kinds of mortar. For while marble must be employ
ed only by the most wealthy, there is scarcely an individual in the commu
nity that does not sometimes use lime mortar: and none could be comforta
ble without it. I hope, therefore, that any suggestions which I may make, 
whose object shall be to reduce the price or improve the quality of the quick
lime generally burnt in Massachusetts, will be received with candor. 

The burning of lime and its conversion into mortar, have within a few 
years received much attention: especially in France, by Vicat, John, :md 
Berthier; who have arrived at some important practical results. And as these 
are not generally accessible in this country, I shall briefly state them, so far 
as the present state of knowledge in l\Iassachusetts on the subject seems to 
dcmancL 
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Calcination or Burning of Lime. 

The burning of hme, so as to expel the carbonic acid, is the essential pre
requisite in the formation of mortar: and it is accomplished in three modes : 
I . ·without a kiln: 2. By an intermittent kiln: and 3. By a kiln in constant 
operation ; or as it is sometimes called, a perpetual kiln. The fuel employeJ 
is peat, coal, anthracite, or wood. 

l . Without a Kiln. In Wales and Belgium the limestone is sometimesplled up in large conic

al heaps, the fragments being left much larger than when burnt in a kiln, and mixed with wnod 

.sufficient to burn it. The pile is then covered with turf exactly like a coal pit, and the process 

of burning is conducted exactly like that of a conl pit. In Belgium, a pile 16 feet diameter at 

the base, and 12 feet at the summit, occupies in burning six or seven days; and strange as it 

may seem, the lime thus produced is constantly preferred, at the same price, to that burnt in a 

kiln. I am not aware that limestone is ever burnt in this manner in this country : aud yet I do 

not see but it might in some cases be a very desirable mode, especially where fuel is plenty and 

time and means are not at h::ind for building a kiln. 

2. Intennittent Kiln. This is the most usual mode of burning limestone in this country. The 

kiln consists usually of a square or circular chimney, sometimes large and high enough to hold 

smo bushels, but usually smaller, constructed at least on the inside, of stones that will bear a strong 

beat. In this chimney the limestone is piled up so as to leave an arched cavity underneath, as n 

place for the fire; which is usually continued se\•eral days before the calcination is completed. 

The fire is then allowed to go down, and the whole contents of the kiln are withdrawn to make 
room for a new charge. 

It is obvious that by this mode of burning limestone, there is an immense loss of heat, as well 

as of time, in consequence of allowing the kiln to cool between each charge. Some saving of 

fuel may be made by constructing the kiln in the form of a cask, or egg, with the extremities 

cut off. A far more effectual remedy is to subslitute the perpetual kiln, which will now be de

ecribed. Where it is wished, howev~r, to burn only a few hundred bushels of lime in a year, 

the common kiln may be cheapest. 

3. Perpetual Kiln. This kiln is so constructed that the portion of lime which has become 

thoroughly burnt, can be removed without discontinuing the fire. And thus by removing the 

burnt lime from the bottom, and tilling in at the top with fresh limestone, the process may be con

tinued until the furnace needs repairs; which, in Belgium, is attended to once a year 

Fig. I. exhibits the elevation, fig . 2. a vertical section, and fig. 3. a grounc.l. plan, of one of the 

most approved perpetual kilns, as it is constructed in Prussia; in which one part of wood 

and four parts of peat are employed. d, d, d, d, d, are five openings at the bottom, for withdraw

ing the lime as it is burnt: c, c, c, c, c, fire furnaces for the fuel, whose mo<le of connection with 

the cavity where the limestone is placed, may be seen at c, in the vertical section: which also 

shows at d, the manner in which the lime may be wilh<lrawn. At a, a, is shown a lining of fire 

brick; back of which, is a cavity, b, b, filled with cinders, which act asa non-conductor of heat. 

The outside is built of rough stone. l ts size can be learnt from the scale or English feet attach

ed to fig. 2. It produces about 250 bushels of lime daily. See Dumas' Chimie applique aux 
.Arts, ~·c. Tome Deu.xieme, p. 489. 
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Fig. 2. 

Fig. 3. 

Fig. 4. is a vertical section of a plain perpetual kiln, which I visited in the north part of 

Richmond, Berkshire county. It is 25 feet high, and built of alternate layers of fire brick and 
stone. It is four sided; consisting of a single strait chimney, 4 feet square on the inside, and 8 

feet on the outside ; making the walls 2 feet thick. To the height of 7 feet from the bottom, it 

is 12 feet in one direction, for the purpose of making room for the furnaces, d, d, in which wood 

only is burnt, and which are 2 feet high, and 20 inches wide. For the passage of the heat into 

the limestone in the chimney, the bricks are laid up like a grate, as shown in Fig. 5. But it is ob

vious that an iron grate must be much better; and probably in the end more economical. a, a, 
are ash pits beneath the fires : b an opening for drawing out the lime from the bottom of the 

chimney, whic.h is built towards its bottom exactly like the hopper to a g-rist mill; the opening at 

the bottom being about 18 inches square. This kiln consumes from 2 to 2 1-2 cords of woocl 

daily, and produces 75 bushels of lime, which is drawn out at intervals of 8 hours. I <lo not 
suppose that this kiln is built in the very best manner: yet bavjng been in successful operatiqn 

for seven years, and being an easy one to construct, I thought a section of it might be desirable. 
The great quantity of wood consumed in proportion to the daily produce of this kiln, shows that 

there must be some defect in its construction. The proprietor 1 however, was about to rebuild it 

when 1 visitt>d it in the autumn of 1838. All the parts may be measured by the scale of feet 

attached to Fig. 4. 
Fig. 4. 

Fig. 5. 

22 
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Besides the perpetual kiln that has been described in Richmond, another on tbe same plan 
exists in I.enox; and these, so far as I could learn, are the only kilns of this kind 1,hat exi::.t iu 
the whole of Berkshire county. Nearly all the lime prepared there, is burnt in the old fashion
ed intermittent kilns. Indeed, I found among some of the lime burners there, a prejudice 
against the perpetual kilns i as if they did not accomplish the work thoroughly. These facts 
have surprised me, when l consider what a great and increasing demand there must be upon 
Derk.shire for lime from other parts of New England; and being confident that it will be quite 
an easy matter to reduce the present cost of burning lime there, at least one half: and probably 
a great deal more. l\[r. Haddsel of New Marlborough, who has burnt a vast quantity of lime 
stone for the last 30 or 40 y~ars, (at present he burns about 12000 bushels annually,) and whose 
}jme is considered very good in lhe Hartford market, told me that the cost of burning and pre
paring it for market would not fall much short of 25centsper bushel. Bis kiln holds 700 bushels, 
and he consumes 40 cords of wood at a charge. Estimating the wood at $1.50 per cord, and 
this is probably too low, the cost per bushel is S 1-2 cents. Dr. Jackson, in his second Reporton 
the Geology of Maine, states the cost of fuel per bushel at Thomaston, where the old kilns are 
used is 8 cents. Now Professor Mather, in his second Reporton the Geology of the First Dis
trict of New York, states that lime is burnt in the perpetual kilns at Barnegat on the Hudson, 
where 720,000 bushels are annually prepared, for less than 2 cents per bushel :-the fuel cost
jng less than one cent; and the labor of tending the kiln about the same; while the expcnce of 
uising the stone is trifling. In Connecticut, according to Professor Shepard, in his Geological 
Report, an intermittent kiln in Reading, that holds 1200 bushels, requires for a charge 40 cords 
of wood; another in Brookfield, that holds 700 bushels, requires 35 cords; and another in Der
hy, that holds 270 bushels, requires from 8 to 10 cords. If the wood be put at $2.00 per cord, 
the average 'price per bushel for these three kilns would be about 8 cents. But according to the 
s'.lmc report, the perpetual kilns of Pennsylvania burn 700 bushels of lime with 8 cords of wood; 
nnd one and a half tons of anthracite: which, (putting the wood at $2.00 per cord, and the an
thracite at $6.00 per ton,) amounts to 3 1-2 cents per bushel. Jn New York, Mr. Shepard 
says, they burn 2000 bushels of lime with 12 cords of wood: which, at the same price, is only 
a little over 2 cents per bushel. The proprietors of tht-. perpetual kiln in Whately, that has 
been already described, estimate that their fuel, which is entirely wood, costs them from 3 to 4 
cents per bushel; as stated in Mr. Nash's letter inserted on a former page. 

lt ought to be mentioned that the fuel used at Barnegat is anthr2cite; which there costs $6.00 
JlCr ton : , and tl:is is undoubtedly more economical than wood. But the greater part of the 
difference in the cost of the fuel at that place and in Berkshire, results from the character of the 
kilns Cmployed as the other facts above mentioned already prove. And if desirable to employ 
anthracite in Berkshire, it can probably be transported by rail road at so low a rate, as to render 
it practicable. It is said, also, that coal dust, whic:h costs in New York $1.75 per ton, will an
swer weJ; for burning lime. Does not this fact deserve the attention of the proprietor$ of those 
lime quarries in the castera part of Massachusetts, that have been abandoned on account of the 
high price of fuel. Dr. C. T. Jackson, in his second Report on the Geology of Maine, states 
that it has been estimated, that even at Thomaston in Maine, the use of coal would reduce the 
price of lime from 8 cents per bushel, to 5, and perhaps 3 ceuts. And if so, why may not the 
preparation of lime be extensively resumed in the eastern part of Massachusetts? 

From these facts I cannot but infer that Massachusetts, proud as she just
ly is of her skill in manufactures, is in this art very much behind the times. 
And I have no doubt that were those concerned to adopt all the improve
ments that have been introduced into the preparation of quicklime, in one 
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year the price of that article might be reduced one third, if not one 
half, while the mamif acturers would realize a greater prqfit than they now do. 
This is particularly true of Berkshire county, which possesses an inexhaus
tible amount of this valuable material: but her citizens generally, it seems 
to me, are but little sensible of the treasure in their hands. Vlr ere only the 
fragments of pure limestone, that now lie useless around the marble quarries 
in vVest Stockbridge, Lanesborough, New Ashford, Adams, Sheffield, &c. to 
be burnt into lime, it would furnish a supply for the whole state for a great 
number of years. I am not aware that such a use is made of these fragments 
in a single instance ; although the whole expence of quarrying is here sal'ed. 
Is it said that there is little or no demand for the lime when prepared? But 
why not act on the commercial principle, that by increasing the supply, a 
demand can be created. Surely there is 11eed enough for ten times more 
lime than is now burnt in Berkshire, in the region lying east of the county. 
And since rail roads will soon be in operation that can transport it thither, it 
becomes the interest of the inhabitants of that county to introduce all the 
modern improvements possible into its manufacture. Lime is sold at Bqrne
gat for 6 cents per bushel: why can it not be prepared nearly as cheap in 
Berkshire? I confidently expect that the day is not distant when it will be: 
and then it will be in the power of our farmers, a good deal beyond the lime
stone district, to use it upon their land. At present the burning of lime is 
a business, so far as I could learn, not very profitable to those engaged in it 
in Berkshire county. But when its price shall be reduced one half, and ten 
times more is burnt, I predict that it will become profitable. I have been 
surprised to find how little limestone is burnt in that part of the state. It is 
a singular fact, that in most of those towns that have been mostdistinguished 
for the burning of lime, such as \V ashington, Hinsdale, and Peru, no ledges of 
limestone occur: but dependence ha.• been placed entirely on the loose blocks 
that diluvial action has driven thither from the neighboring towns. And I 
have been assured that the inhabitants of some towns, which are based upon 
good limestone, transport most of the lime that they use from quarries in 
towns where very little exists in ledges, under an idea that they have no lime
stone where they live that is worth burning! 

The use of peat in the hurning of lime Jeserves the attention of those who own beds of the 

stone in the eastern part of Massachusetts. For the best European writers declare that it is de
cidedly more economical, and better in other respects, than wood. Figs. G and 7 are a vertical 

and horizontal secl1on, the laltcr taken at the height of the grate,-of a kiln adapted for the use 
of peat. 
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Fig. 6. Fig, 7. 

A. Fig. 7, is an arch, and B, an embrasure, for introducing the peat and 
withdrawing the lime. The grate C, is composed of straight bars of iron 
resting upon a circular bar, which lies upon the brick work. The lining 
should be of fire bricks ; though this is not indispensible. The sides of the 
kiln are curved ; the radius of curvature being represented by the lines A 
H, A B, Fig. 6 : whose length can be determined by the scale of feet at 
the bottom : and indeed, the same is true of every other part of the kiln; so 
that more particular description is unnecessary. Its height above the grate 
is about 18 feet, and its greatest width about 8 feet. In this kiln according 
to Dumas, (Traite de Chemie applique aux .11.rts, Tome Deuxieme, p. 488.) 
one cubic foot of limestone requires only two cubic feet of peat to burn it. 
Hence, next to anthracite, this appears to be the cheapest kind of fuel. 

"When this furnace has been constructed," says Dumas "it should be left several days to dry 
slowly: when the fire is lighted, it should be done little by little, and gradually increased, lest 
the sudden contraction of the m01 tar should cause large fissures. The stone should be piled up 

in the kiln in the form of a hemisphere, so as to leave spaces of 2 or 3 inches between the frag
ments : the largest of these being collected near the center of the kiln, &c "-" Wben it is thus 
filled with stone, a muffled (etou.fi"e) fire should be kept up on the grate for 10 or 12hours. The 

smoke will blacken the stone very much to the top of the furnace. This operation, which is 
called the smoking., is intended to heat the whole mass by little and Jittle. If heated too rapidly, 

the compact fragments would shiver in pieces by the rapid expansion of the water, and tend to 
choke the kiln." 

Varieties of Limestone. 

On the continent of Europe three kinds of quicklime are distinguished 
by the different sorts of mortar which they produce. 1. Fat lime: (chaux 
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grasse) 2. l\Ieagre lime: 3. Hydraulic lime. The fat Eme contains at least 
90 per cent. of pure lime: But when the magnesia, silica, alumina, iron, and 
manganese, which it contains, amount to 20 per cent. it becomes meagre : that 
is, these foreign matters affect very much the mortar that is made from the 
mixture. 'Vhen these foreign substances, however, are in considerably large 
proportion, the lime sometimes becomes hydraulic; that is, it will hanlen under 
water. 

Fat Lime. 

This being deri\•ed from an almost pure carbonate of lime, slacks with great energy and the 
evolution of heat; forms a fine paste with water i admits the addition of a great deal of sand ; 
is more easily laid on by the mason; and therefore, is the most economical for common purposes. 
On all these accounts it is regarded as the best kind oflime; and sought after the most. }i'or it 
is not generally known in this country, that it does not form so hard and durable a mortar as the 
next variety. 

Meagre Lime. 

Although this kind of lime often slacks slowly and less perfectly than fat lime, and when water 
is added, forms a less perfect paste, and therefore, does not work so well ·with the trowel ; and 
as it taK.es up less water and bears tess sand, is therefore more expensive, yet after all, it hard
ens with greater certainty, and to a greater degree, and forms a more enduring and stronger cement. 
It is especially valuable for lhe property which much of it possesses, of hardening in damp as 
well as in dry places; and where mortar is exposed to the weather, it is by far the bc5it. Never
theless many of the circumstances mentioned above, produce a prejudice against this sort of lime, 
especially among brick layers. 

It will be seen from the table of analyses of the Massachusetts limestones, that this variety of 
lime is very abundant among us, especially if we include under it, as is done by European 
writers, that which contains a large proportion of magnesia. I have had no opportnnity or try
ing but one variety of the meagre lime, and that is the kind that has lately begun to be burned 
in Whately. Having occasion to plaster a building upon the outside it seemed to me that this 
lime would be well adapted for the purpose. I tried. it by mixing one part of unslaked lime with 
one part of .sifted ashes, and one part of sand, and found it to produce a cement that spread well and 
became very hard, and at a few rods distance can hardly be distinguished from granite or sandstone. 
The outer coat, however, not having been put on in proper season after the first, does not adhere 
well. And allhough the Whately lime answers for outside work better than any I have seen, yeL I 
doubt whether in our climate, it be the best economy t.o cover the outside of buildings with any 
kind of calcareous cement. But if it be done, meagre lime is the best; and I doubt not that 
several other varieties in the State will answer as well as that from Whately. I presume however, 
that when there is not more than 50 per cent. of carbonate of lime in a rock, it will not produce 
cement of much value. 

It will probably surprise the inhabitants of Berkshire county, as it did me, to find that by far 
the largest part of the limestone burnt there, contains not less than 40 per cent. of the carbonate 
of magnesia. The fine looking stone burnt in the south part of New Marlborough and Tyring
ham, near the center of Lee, and in the east part of Lanesborough, from which places great qunuti-
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tie:; of lime are carried out of the county, antl it is in high repute, i~ all genuinC' m~f?;nC'.sian lime~ 
tlonc. The same is true of the quarries in the ea~tern part of the state, at Bolton, Chelmsford, 
Littleton,&c. Now it is certain that magnei;ia does not form a paste with water; and yet, so fiu 
as I can ascertain, this kind of lime is prefcrr<•<l to that which is pure; because it becomes hanlcr 
an<l b usually wl1iter. But I consider that there is yet too much coubt resting upon the use ol° 
magncsian lime in agriculture to render it expedient to employ it upon land when other lime can 
be procurf'd. And from the analyses of our limestones that have been given, ourciti:r.ens can now 
judge where the different sorts may be obtain('d. Jn respect lo magnesian limestone, however, 
there i:; anolher important use to which it has not been applied in this state which 1 shall suggest 
in treating of the next variety. 

Hydraulic Lime. 

It has long been an important enquiry what ingredients arc necessary in 
limestone to render it hydraulic; that is, to cause it to harden under water. 
Until recently but little success attended this enquiry: because the manner 
in which mortar is consolidated, was misunderstood. It was supposed to re
sult from the absorption of carbonic acid from the atmosphere, whereby the 
lime was reconverted into a carbonate: so that the more completely this pro
cess was effected, the harder would the cement become. And this was 
thought to explain the reason why the ancient Roman cements, that are found 
in old ruins, are so hard. But upon analysis it was found that these mor
tars rarely contained much carbonic acid; and that in general they were 
harder, the less of this substance entered into their composition. ( Traite de 
Mineralogie, par Beudant, Tome Premier, p. 690.) That mortars do, how
ever, absorb carbonic acid on their surface, and that this is one of the causes 
of their induration, can hardly be doubted. But it is not the principal cause. 
Silica operates as an acid in mortars, and forms silicates of lime, ma~nesia, 
alumina, &c. and this probably is the principal cause of their consolidation. 
In this state silica exists in rocks, and to this fact chiefly they owe their hard
ness : and could the materials of mortar be mixed in such proportions as 
they exist in rocks, and under as favorable circumstances for induration, they 
would become as hard as the rocks; as in fact they do sometimes. 

This theory shows us the use and even necessity of sand mixed with lime, 
to form good mortars. It shows us also, why it is better to have this silice
ous matter exist naturally in the rock than to introduce it artificially, because 
nature mixes it more perfectly than art can do. Hut why should some mortars 
become silicates only in the air, and others with more facility under water? It 
is the opinion of distinguished chemists that the latter class are cmwerted, 
when under water, into hydrated silicates; while the former, not undergoing 
this process, are more or less dissolved when immersed, and become mere an
hydrous silicates in the air. But the analyses that have been made of these dif-
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fer'ent varieties of limestome do not afford a satisfactory reason why some of 
them are hydraulic and some are not. Yet it is hence ascertained that certain 
ingredients besides the lime, are necessary to make them harden under water. 
It was formerly thought that this property depended upon the oxide of iron, 
or manganese, which they contained. But the numerous accurate experi
ment that have been made on the subject, prove that silica is the most im
portant ingredient on which the hydraulic character depends. The results 
of all these experiments however, I give in the words of Dumas. "It fol
lows," says he," from all these facts, that silica alone is able to form with lime 
a combination eminently hydraulic: while magnesia alone, or a mixture of 
the oxides of iron and manganese, cannot produce a similar combination, but 
renders the lime meagre, without communicating to it the property of hard
ening under water. Synthetic experiments confirm the results of analysis ; 
and prove farther. I. That alumina alone has no more efficacy than magne
sia in rendering lime hydraulic: 2. That silica is an ingredient essential to 
these varieties of lime : S. That the oxides of iron and manganese, far from 
playing a part so important as some attribute to them, are on the contrary 
very often altogether passive: 4. That the best hydraulic lime results from 
a mixture of silica, lime, and magnesia, or alumina."-" We must, therefore, 
consider hydraulic lime as a silicate of lime, or a silicate of alumina and lime, 
or finally as a silicate of magnesia and lime, with an excess of base. These 
compounds placed in water produce hydrates; or other combinations of 
the hydrated silicate with the hydrate of the base in excess." ( Chimie ap
lique aux Jrts, Tome Deuxieme, p. 512.) More recently another distinguish
ed chemist, Professor l\Iitscherlich of Berlin, says in respect to magnesian 
limestone for hydraulic cement, that "according to experiments in the small 
way, magnesian limestone merits the preference over the carbonate of lime." 
( Elemens de Chemie par E. Mitscherlich, Tome Troisieme, p. 120. Bru.c
elles, 1836.) Vicat also, recently inclines to the same opinion; and in our 
country,J'rofcssor William B. Rogers, the able state geologist of Virginia, has 
made numerous analyses of the hydraulic limestones of this country, from 
which he not only infers that magnesia operates fal'orably upon the hydraulic 
character, but even suggests that this property may depend upon the mag
nesia, rather than upon the silica. He finds that in all the hydraulic lime
stones which he has analysed, the carbonate of magnesia bears to the carbon
ate of lime the proportion of three to five : and he supposes that by this cir
cumstance we may probably determine whether any limestone is hydraulic. 
Without doubting at all the accuracy of Professor Rogers' analyses and exper
iments, I confess that I do not know how to reconcile the principle, that the 
hydraulic character always depends upon magnesia, with the numerou5 analy
ses and experiments that have been made in Europe on the subject. In the 
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table below I shall give some of the analyses by Berthier of the best hydrau
lic limestones in France; most of which contain but a very small proportion 
of magnesia: and those which are artificial, and which are in high repute, 
contain none. Even the septariaof England, from which the famous Roman 
or Parker's cement, the best hydraulic cement in the world, is obtained, con
tains only one 200th, part of carbonate of magnesia; and a similar rock in 
France and Russia contains none. On the other hand, in some of the speci
mens analyzed by Prof. Rogers, the silica is Jess than two per cent.; and yet 
they form good hydraulic cement. We have then good mortar of this descrip
tion, sometimes almost without silica, but containing magnesia; and some
times without magnesia, but containing silica. Must we not hence infer, that 
the hydraulic character does not depend entirely upon either of these sub
stances: but rather upon the mode or other circumstances of their combin
ation with the lime: in other words, that they may replace each other. 

I have annexed to the following table of analyses, the composition of some of those artificial 
hydraulic cements, which it is well known are frequently prepared in Europe, and with great suc
cess. I have also added the analyses of those limestones in Massachusetts, that so much resem
ble those from which hydraulic cement is prepared in other parts of the world, as to deserve a 
trial whether they will not also harden under waler. It will be seen that the analyses of Prof. 
Rogers give the composition of 30 parts of the rock: while the others assume 100 parts as the 
standard. Berthier's analy"ies are given in the second volume of Dumas' Cltimie Applique aux 
Arts: while those of Prof. Rogers are derived from his Report on th! Geological Survey of 
Virginia for 1838, 

Limestone moderately Hydraulic. 

LOCALITIES. 

France (Loire) 

do (Ain) 

Eminently Hydraulic. 

France(Gard.) 82.5 4.1 13.41 

79.2 2.5 6.0 3.8 6.5 2.0 

do Se~~~~~es very fa. 
1.0 !11.0 80.0 1.0 

Virginia :o~:~.Shepherds 
15.94 6.49 16.50 0.64 0.12 0.31 

do do 

I "" 
11.76 

1.::1 ··1 ,.T do Jefferaoncounty 1 8.48 6.56 1.20 I 0.40 0.16 

New York 1 Much used- 14.46 10.73 13.63 0.36 I 0.82 
Kenlucky 1 Louisville, 16.51 7.25 4.54 0.79 0.37 0.54 



Hydraulic Lime. 173 

Massachuselts Limestones perhaps Hydraulic. 

Except the specimens from Springfield and West Springfield, which have been tried, I infer 
the hydraulic character of the Massachusetts limestones above given, from their composition alone. 
1 am strongly suspicious that the fact that they are mostly of the primary c1ass, and crystalline, 
will operate unfavorably. The great importance of finding such limestones in different parts of 
the state, will, 1 trust, lead to a fair trial of those that I have pointed out. This may be done at 
first on a small scale, without much trouble ; and I should myself have tried them all, had my 
attention been specially called to this subject in season to obtain large enough specimens from 
the different localities. It would be particularly desirable to find such limestone in the county of 
Berkshire: And even should none of those prove hydraulic, which I have analyzed from that 
part of the State, it ought not to discourage search after those, which will prove so: for hy· 
draulic limestones are usually of a poorer kind, such as in Berkshire would be passed unnoticed, 
as of no value. I have little doubt but those may be found there, which will set under water. 
At any rate, probably some varieties of the marl, that have been recently found in Berkshire, 
will make hydraulic cement, if burnt in a proper manner. For says Professor Mitscherlich, 
"a marl which contains from 13 to 19 per cent. of clay, makes a good hydraulic mortar; 
and if the clay contains an excess of silica, this circumstance increases the good qualities of 
the mortar." (Elemens de Chemie, Tame Troiseme.) Now by referring to the composition of 
the Berkshire marls, as given on a former page, it will be seen that marls of the description 
here mentioned occur there ; and probably at almost any of the localities a part of the beds 
may be found containing the requisite proportion of clay, that is, of silica, alumina, oxide of 
iron, &c. 

The only limestone in Massachusetts that has hitherto been employed for hydraulic mortar, is 
that at Paine's quarries in the west part of West Springfield: where large quantities have been 
manufactured within a few years past; and I understand it to form a good cement ; although I 
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infer from analysis, that it is rather too pure a carbonate of lime. But not improbably the speci

men analyzed was above the average in this respect. The specimen given in the g(•ncral table 

of analysis from Chicopee, in Springfield, contains more clay and would probably make a good 

hydraulic cement. lt occurs in the bed of the Chicopee river, just below the bridge at the 

Chicopee Factory village, where I presume is a large quantity. It has never been burnt at all for 

mortar; and indeed its existence there is hardly known; although large quantities of it, with the 

associated sandstone, have been got out for building factories on the bank. 
The limestone at this place, as also at Paine's quarries in \Vest Springfield, is mostly fetid, 

sometimes perhaps bituminous. But there is another variety occuring on the Chicopee, as well 

as the Agawam, which I suppose will produce an hydraulic cement far superior to any that has 

yet been made in this New England. But this I shall describe farther on . 

.!lrtificial Hydraulic Mortw·. 

When lime is not in itself hydraulic, it may be made so by mixing with it, either wet or dry, 

certain argillaceous matters, which have been burnt with the access of atmospheric air. Some 

of the clays used for this purpose in Europe resemble in composition the white clay from Mar

tha's Vineyard, that is destitute of iron. Probably, however, the presence of iron will do no 

injury, and most likely many of our clays will answer. As lo the kind of lime to be used, after 

what has been said there can be but little doubt but the magnesian would be much preferable. 

The proportion of the ingredients, and the precautions requisite to success, cannot be here 

given for want of room: but will be found in the work-I of Vicat, Dumas, and others. Jn this 

way, if in no other, can Berkshire and the eastern part of the state supply themselves with this 
mortar. 

fo Europe, however, ever since the days of Roman glory, it has been very common to em

ploy, instead of clay, a kind of volcanic ashes called Puzzolana; which resembles burnt clay. 

In Holland great use has been made of a similar substance called Tarras, or Trass, which is de

composing basalt. The vescicular decomposing trap rock, not uncommon on the greenstone 

ranges in the valley of Connecticut river, appears to me so much like tarras, and puzzolana, that 

it would make a good substitute. I have accordingly subjected to analysis a specimen, from 

Mount Holyoke (No. 160.) in the north west part of Belchertown, where great quantities of it 
may be obtained in a state more or less approaching to powder. I have noticed the same sub

stance along the eastern side of that greenstone range which extends through the eastern part of 

Deerfield and Greenfield. The following are the results of the analysis. 

\Yater, 
Silica, 
Alumina, 
Peroxide of Iron, 
Oxide of Manganese, 
Lime, 
Magnesia, 
Sulphur, (from pyrites) and Loss, 

8.50 
53.70 
13.00 
21.00 

0.19 
0.70 
0.15 
2.76 

100. 

By Bergman's analysis, Puzzolana has the following composition: 

Silica, 

Alumina, 
55 to 60 per cent. 

19 to 20 " 
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Iron, 
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5 to 6 per cent. 

15 to 20 " 

The correspondence between this analysis and that which I have given, is near enough to show 
that in all probability both substances would answer almost equally well for hydraulic cPment. 
If our clays, therefore, will not answer for this cement, here is a substance that can doubtless be 
employed. 

Roman Cement. 

In the year 1796, Messrs. Parker and \Vyatts obtained a royal patent in 
England, for the manufacture of a peculiar kind of cement, which they de
nominated aquatic cement, and which subsequently obtained the name of 
Roman Cement. They were eminently successful, and others followed their 
example with the like success. It has become indeed, an important branch 
of business : and vast quantities are exported to foreign countries, where it 
bears a high price. It possesses the valuable property, after having been 
mixed with water, of hardening very rapidly, even in a quarter of an hour; 
whether in air or under water. Hence it is the most valuable sort of cement 
that is prepared from lime. Jn London, it is employed as a substitute for 
plaster of Paris, in preparing models: also for filling up crevices in walls, 
luting the joinings of aqueducts, restoring broken cornices, and other archi
tectural ornaments, and for many other uses. Stones united with it become 
in a few hours as difficult to break through the joining, as in any other 
direction. 

The material from which this valuable substance is obtained is a peculiar 
kind of concretionary limestone, occurring in nodules, of different sizes, which 
are usually traversed by veins of sparry carbonate of lime. These nodules, 
on account of being thus traversed, are called Siptar·ia. 

Now the valley of the Connecticut contains several localities of Septaria 
which are exceedingly like those of England. I have found them in quanti
ty only in Springfield, on the Chicopee river; in West Springfield, on 
the Agawam, and at Wethersfield in Connecticut at a place called the Cove. 
The rock in the bottom of the river at Chicopee Factory village, may 
be seen spotted with them; and at the quarry a few rods east of Cabot
ville, on the south bank of the same river, great quantities of them 
may be seen, that have been thrown away. At this place I noticed some as large 
as a man's head ; but generally they are much smaller. On the Agawam river, 
a little above Midneag Factories, the quantity of this peculiar argillo-ferru
ginous limestone appears to be greater than in Springfield : for here it forms 
layers between the strata of shale, of one, two, or three inches in thickness: 
which appears like clay that has been exppsed to the sun, till it has cracked 
in all directions by desiccation. Upon the whole, I have a strong hope that 
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there will be no deficiency in the quantity of the material, should it be found 
to form the Roman cement, so as to make it an object to manufacture it. 

On the Continent of Europe this sort of limestone has been sought after 
with great eagerness. I am not aware that it has been found except at two 
places in France, and one in Russia. I shall put down an analysis of a 
specimen from England and another from France, in order to compare these 
with the specimens which I have described in Springfield, whose composi
tion is subjoined. 

I id 
I Ji! I m I ~ ~ I 

l}~ 
I 

COMPOSITION. 

I ~ I I I 
0 

~Jjs z ;ii 

Carbonate of Lime. 65.7 I 61; I 46.06 43.69.1 30.81 26.041 55.16 

Carbonate of Magne!ia. 0.5 27.35 39.35 18.33 13.15 22.21 

Carbonate of Iron. 6.0 6.0 

I 

I 
Carbonate of Manganese. 16 

Silica. 18.0 15.0 ~ 
Alumina. 

20.97 45.33 54.00 15.56 
6.6 4.8 

I 
Oxideoflron. 3.0 5.62 5.53 6.51 7.07 

1.2 6.6 

Two of the above specimens from West Springfield, that are denomina
ted manganesian, probably contain too much silica to make good Roman ..:e
ment, or even the common variety of hydraulic cement; though they will 
harden considerably under water. As to the septaria from Chicopee and 
Cabotville, and the argillaceous limestone from Midneag, their composition 
corresponds essentially with that of the European Septaria, except that our 
rocks contain the most magnesia. But from the well known influence of this 
substancein causing lime to harden under water, the presumption is that its 
presence will rather assist than injure the hydraulic character. The earthy 
materials, made up of silica and alumina chiefly, exist in very favorable pro
portions. Suspecting the existence of manganese in most of the varieties, I 
subjected the second variety in the table (No. 1764.) to analysis, by fusion 
with soda, and obtained the following results. 

Carbonate of Lime, 
Carbonate of Magnesia, 
Silica, 
Alumina and iron, 
Manganese, 

26.04 

13.45 

33.74 

15.13 

11.64 

100.00 
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It is not probable that all the varieties of limestones from the Springfiel<ls, 
which I suppose would produce hydraulic, if not Roman cement, contain as 
much manganese as that whose analysis is given above. But they all proba
bly contain some : and it is well known that manganese is highly favorable to 
the hydraulic character: so much so that some writers have contended that 
it is the chief thing on which that character depends. 

In order to bring the preceeding suggestions to the test of experiment, I 
burnt some small pieces of the Septaria from Cabotville, and two varieties 
of limestone from West Springfield, in a chemical furnace, and having pul
verized them, I added water, till they were converted into a paste. Two of 
the specimens, viz. the septaria from Cabotville, and the argillaceous lime
stone from West Springfield, hardened about as quick as calcined plaster of 
Paris, say in 15 minutes. In half an how» they had become harder, and 
the process of induration continued for several days, until they became very 
hard. I tried them both in air and under water ; and although I think the 
process was more rapid in air than water, yet the difference was not great. 
Upon the whole, I think the stone from West Springfield hardened rather 
more rapidly than the Septaria, and became more solid. How extensively 
this rock occurs on the Agawam, I do not recollect. I only remember that 
several analagous varieties of limestone occur west of Midneag Falls, fre
quently several inches thick. I feel a strong confidence, therefore, that I can 
point out there (if the recent dam at Midneag has not concealed the spot by 
water,) enough of this stone to justify efforts to convert it into Roman ce
ment. 

The other variety from West Springfield which I burnt and converted 
into mortar, was that described above as having 54 per cent. of argil or clay 
and a considerable quantity of manganese. This hardens much slower in 
the air than the other, and is but little hydraulic : as we might expect from 
the great quantity of earthy matter which it contains. But being obviously 
of the same general character, as the others, the addition of quicklime 
would probably make it a good hydraulic lime, if not Roman cement. 

There can be no donbt that the Septaria from Chicopee Factory village 
will answer as well as that from Cabotville for the Roman cement : for its 
composition is almost precisely the same, and the two localities are separated 
only a short distance. Now then we have three localities of this very valu
able substance, which so far as I can learn, has been prepared rarely in 
the United States, although common hydraulic limestone is calcined in a 
great many places. But that which produces Roman cement is far more val
uable. I cannot but hope that it may be found in large quantities within 
the bounds of the two Springfields: yet even if only a small quantity exists 
it will certainly deserve attention. 
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It ought perhaps to be mentioned that the English septaria, from which 
the Roman cement is prepared, is obtained from the London clay ; a rock 
much more recent than the sandstone of this valley. But if the nature of 
the septaria be the same, and my experiments and analysis render this al
most certain, it can make no essential difference from what part of the geo· 
logical series it is obtained. 

With these facts before them, I will not believe that the intelligent and en
terprising inhabitants of the two Springfields will suffer this substance to lie 
much longer unnoticed. The interest which is taken in the discovery of a simi· 
lar substance in France, may be learnt by the following remarks of Dumas, 
than whom scarcely a higher authority can be named. "This important dis
covery," says he, "must have the most happy influence on our great works of 
hydraulic architecture. No doubt but a substance so simple in its composi
tion, may be found in many parts of the country. It is a matter of the 
highest interest that researches of this sort should be pursued with zeal: for 
their object is an immense improvement in the art of construction." (Chem
ie .fipplique aux .firts, Tome Troiseme. p. 525.) 

Can it be that a material which excites so deep an interest among intelli· 
gent practical men in Europe, should not here awaken attention enough even 
to give it a fair trial, while we are yearly importing large quantities of the 
very same cement from England, which this rock would produce ; and that 
too at a great expense? Suppose it yields a cement inferior to the Eng
lish: yet may we not infer almost certainly, that it will produce a hydraulic 
mortar superior to any that is now prepared in the state. May not the man 
therefore, who first successfully brings it into the market, hope to realize a 
valuable pecuniary profit? At any rate, it can be tried at a very little ex
pense on a much larger scale than I have done. But let me caution any one 
who shall undertake it, against being too speedily discouraged, should the 
first efforts prove unsuccessful. Although this limestone is burnt in the 
same manner as the other sorts of limestone, yet the management of the fire 
requires peculiar attention ; lest the stone begin to fuse, which will render it 
totally unfit for cement. On the other hand, a temperature too low, will 
produce a meagre lime, that is not hydraulic. The process also must be 
carried through when it is begun, without stopping: as a suspension of the 
heat for a time, when the carbonic acid is partly driven off, will prevent the 
expulsion of the rest by a subsequent application of heat. But difficulties of 
this sort can be overcome by perseverance :-a virtue which the inhabitants 
of New England know well how to exercise. 

10 . .firgillaceoits Slate. 

A more common name for this rock, at least for the most useful variety of it, is roof slate ; be-
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cause it is used for forming the roofs of houses. ] ha Ye been inclined sometimes to regard the 

ranges in Quincy, \Vatertown, Charlestown, andCheslea, as a fine grained variety of graywacke; 

but this question may be more properly considered in the scientific part of my Report. At any 

rate, this rock, in the towns above mentioned, does not split into layers sufficiently thin for roof

ing. But it is valuable for gravestones, the covering of drains, flagging stones, &c.; and for 

these purposes it is extensively wrought in Quincy, Charlestown &c. 

Novaculite. 

This is a variety of argillaceous slate which is known in the arts under the name of hone, oil 

stone, tu: key stone, and whetstone. lt exists in beds of argillaceous slate in Charlestown, Malden 
and Quincy. It is not however, of a very good quality; and I am not aware of its being used 
for hones, or even for whetstones: although it might answer the purpose, if better materials 
could not be found elsewhere. M. Godon, in his account of the geology of Boston and vicinity, 
says that a compact feldspar is found there perfectly analogous to the turkey stone. I have found 
a variety of this mineral in Newbury, which I ~pprehend, corresponds with that described by 
this writer, and a specimen may be seen in the collection; but no fair trial that I know of has 
been made to employ this stone as a hone. (No. 1206.) 

Roof Slate in Woreester County. 

The range of slate exhibited on the Map in the towns of Boylston, Lancaster, Harvard, Shir
ley and Pepperell, is associated with the peculiar mica slate that contains the Worcester coal. It 
answers for roofing in some parts of the bed and has been quarried for this purpose in Lancaster. 
It has been wrought considerably in Harvard and Pepperell for gravestones; and is transported 
a considerable distance for this purpose. The stratum is narrower near the north line of the 
State; but I have found no time to ascertain how far it extends into New Hampshire. 

Connecticut River Slate. 

Although a large part ofBernardstonisrepresented as composed of thi$ slate, yet its characters 
are not perfectly developed till we pass into Yermont. In Guilford, Brattleborough, Dummerston, 
and even 50 or 60 miles farther north, it produces an excellent material for roofs, writing slates, 
&c.: and extensive quarries are opened in it in those towns. The best slate used in Massachu· 
setts probably comes from this range. In Bernardston it is quarried to some extent for grave· 
stones. 

Berkshire Slate. 

The mica and talcose slate of the western section of the State, pass gradually into roofslate, 
but in most instances the characters of Urn latter are not very perfectly exhibited, until we have 
entered New York. There, however, in Hoosic, and other towns, it is quarried extensively for 

roofing; and the western part of Massachusetts is al ways sure of a supply of this valuable mate· 
rial from that quarter if not within its own limits. 

11. Graywacke. 

For the most part, this rock furnishes a coarse stone only fitted for a common wall ; but some

times its stratification is so regular, and its grains are so fine, that it answers well for underpin· 
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ning, step-stones, &.c. It is quarried l believe in Brighton, and some other towns in the vicinity 

of Boston. At Pawtucket, on the Rhode lsland side of the river, is an extensive quarry of a 

fine grained and slaty variety, which I should judge would form a good flagging stone; and im

mense quantities have been taken away for this obiect and for other purposes. On Canonicut is

land in that state, is also a valuable quarry of this rock. 

Graywacke is sometimes beautifully amygdaloidal ; that is, it contains numerous rounded or 

almond shaped nodules of some other mineral. In these instances, however, the base of the 

rock is rather Wacke, than gra:ywacke. This wacke (which resembles indurated clay,) often 

forms the cement of graywacke. In Brighton it is of a reddish color, while the imbedded nodules 

are sometimes white, and often consists of white feldspar with epidote, which is of a lively green 

color; and these substances are not only in rounded massess, but in veins of irregulill' shape. The 

rock is hard and admits an imperfect polish. It then resembles porphyry and is elegant. A fine 

example of this is in possession of Hon. H. A. S. Dearbon, forming a pedestal for the bust of 

his father. lt is only slightly polishe<l, but would generaJly be mistaken for porphyry. 

A similar amygdaloid occurs in Brookline, Newton and Needham. A variety still more beau

tiful is found in Hingham. The color of the base is chocolate red; and the nodules are red, 

green and white. Large blocks can be got out. 

I think upon the whole, however, that the finest amygdaloid occurs in Saugus, on the hill a few 

rods east of the meeting house. The base is a pleasant green, and the nodules white compact 

feldspar, generally spherical, and thickly interspersed. I have little doubt that large blocks can 

be obtained at this locality; but as the base is softer than the nodules, it can be only imperfeclly 

polished. 
12. New Red Sandstone. 

This rock occurs in Massachusetts, only in the vicinity of Connecticut river; along which on 

both sides, ranges extend from Middletown, Ct. to Vermont. It affords large quantities of good 

stlme for building and other purposes. Some of the numerous varieties of this rock are slaty ; 

and either of a red, gray, or black color. These varieties furnish good flagging stones; and the 

side walks of all the principal places along the river, are chiefly covered by them. In the more 

common varieties, the strata are from six inches to two feet or more in thickness: and for the most 

part the color is red, though sometimes gray. From these thicker strata is obtained most of the 

rock of this formation used in architecture. The most delicate variety occurs in Longmeadow 

and Wilbraham. It consists simply of an almost blood red sand, cemented probably by iron. It 

is remarkably uniform in its color and composition ; antl forms a beautiful and most valuable buil .. 

ding stone ; though liable to be easily injured and sometimes disintegrating by exposure. The 

quantity of this rock is inexhaustable, and it occurs from three to five miles from Connecticut 

river: the intervening region being nearly level. A great number of quarries are now explored; 

but I have no means of determining how great is the demand for the stone. The celebrated 

Chatham quarries, on the bank of the Connecticut river, in Connecticut, are opened in the same 

kind of rock, although a coarser variety. 

Another variety of the new red sandstone, qmmied in many places in Massachusetts and Con

necticut, is coarser than the Longmeadow stone ; but being harder, it is more enduring, though 

less elegant. This variety is quarried extensively for the Farmington Canal, in the sandstone 

range south of Mount Tom in West Springfield ; also in Westfield and Deerfield. A gray and 

rather coarse variety is used in some places,e. g. in Granby, Mass. This indeed, with the other 

varieties mentioned above, forms excellent underpinning, door and window caps, and foundations 

and door steps ; and like the Berkshire marble, they are sometimes wrought into sinks and other sim

ilar articles. The ease wi~h which the rocks of this formation are wrought, forms a great recommen

dation ; and, were they as enduring as gneiss and granite, these latter rocks would soon be neg .. 

lecte<l. 
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On the north bank of Connecticut river in Gill, at a p1ace ca11ed the Horse Race, is a quarry 
of gray micaceous sandstone, which forms excellent flagging stone. Slabs of very large size 
can here be obtained. In the southwest part of Montague, 100 rods from Connecticut ri•u, a 
quarry in red sandstone has recently been opened, which appears to me to bid fair to become one 
of the most valuable in the state. Most oi the rock is slaty, and some of it is divided by cross 
fissures into joints of such form and regularity, that excellent flagging stones and underpinning 
may be split out at once; and need neither smoothing nor hammering upon the edges. The 
stone forms a hill of some 30 or 40 feet elevation, and of great length. Being so near the river 
the means of tr?.nsportation are at hand. 

Suggestions as to the causes of decay in rocks used for constrnction ; and 
the means of judging beforehand as to their durability. 

The question is often asked if the geologist can determine by examination 
or tests, whether a rock will be liable to disintegration upon exposure to air 
or water: And it is a very difficult question to answer satisfactorily. Most of 
the remarks which I shall make on the subject will be mere suggestions; 
which will require the test of experiment before they can be of much prac
tical importance. 

In opening a new quarry, if any of the rock has long been exposed to the 
weather, it can be seen what is the effect of atmospheric agents: and if dis
integration has hardly begun, a favorable prognosis may be given as to the ' 
durability of the rock. But if the surface has been deeply acted upon, it is 
unfavorable. This is the surest mode where it can be adopted, of settling 
this question. Nor in the present state of chemical geology, do I believe it 
possible to determine with certainty the durability of a rock without an ac
tual trial. Yet the chemical constitution of a rock will enable us sometimes 
to predict whether it will be liable to disintegration. 

Of all the ingredients in rocks, probably iron in some form, most exposes 
it to decay. If this exist as a protoxide, or a sulphuret, exposure to the at
mosphere will most probably convert it into a peroxide: and if the quantity 
be considerable, this will produce disintegration of the rock. Sometimes, 
however, this change only communicates the stain of iron rust to the sur
face of the stone, while its solidity and durability are hanlly affected. An 
example of this sort may be seen in one of the churches in Quincy, built of 
the sienite of that place. When built, the stone was of a good color: but it 
has become so much stained with iron, as very much to mar its appearance: 
yet I believe there is no disintegration. But in many places in the west 
part of Essex County, as in Reading and Topsfield, I have noticed the sienite 
to be cruinbled down, and from its ferruginous aspect, I presume this proceeds 
from some metamorphosis of the iron. I impute the disintegration of some 
of the red sandstone, used for construction in the vicinity of Connecticut 

24 
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river, to the same cause. Yet as the iron in this rock appears to be peroxi
<lized when quarried, probably the disintegration may proceed from the con
version of the peroxide into the hydrate; or of the hydrate into the pe1·
oxide. 

In the limestones of Berkshire county, the iron exists in most cases pro
bably in the state of a protocarbonate ; and this substance is very liable to 
decomposition. Probably, therefore, those limestones that contain the least 
iron, will form the most enduring and valuable marble. Analysis lends pro
bability to this suggestion. For the best marbles of Berkshire County are 
almost destitute of iron ; as the following statement will show. 

Marble of North Adams, contains of iron a trace 

do Lan b h 5 1st specimen do 
es oroug ' ( 2d do 0.22 per cent. 

do W t St kb ··d"" 5 Fitch's quarry, 0.14 " 
es oc II oe, ( Boynton's do 0.08 

The two first specimens probably may contain as much iron as the three 
la;t: for I did not attempt to estimate it. 

I consider the presence of a large quantity of magnesia in limestone as un
favorable to durability. For it is a general principle in chemical combina
tions, that the greater the number of ingredients in a compound, the more 
feebly are they held together; and a magnesian carbonate is much more com
plex than a simple carbonate of lime. Observation and analysis sustain this 
view. For it appears that with the exception of the clouded marble of 
Great Barrington, (of whose durability I have not been informed,) no valua
ble marble in Berkshire contains much magnesia. Again, we find that near
ly all the valuable marbles hitherto explored there, are found along the west
ern part of the county; while the limestones of the eastern portion, that 
abound in magnesia, afford but few. Besides, among these magnesian lime
stones it is common to see their surface crumbled into powder; while noth
ing of the kind is witnessed among the pure carbonates. This disintegra
tion is most striking in the towrr of Canaan, lying south of Sheffield. 

It is well known that potassa exi.ts in feldspar in large proportion: and 
that this mineral frequently decomposes, and is converted into porcelain clay. 
In this process the potassa dissolves and carries away a large proportion of 
the silica; leaving most of the alumina. Must we not impute many in
stances of the disintegration of granite, to the agency of the potassa ; since 
the other ingredients are quite inert? The same may be said of sandstone 
composed of fragments of granite and gneiss. I confess, however, that I see 
no reason why one rnriety of granite should easily decompose, while another, 
with as much feldspar, should resist the atmospheric agency of thousands of 
years. 
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\Vherever carbonic acid is evolved from great depths in the earth, where 
the temperature is high, and forces its way through the rocks, it cannot bm 
dissolve more or less, some of their ingredients, and render them more liable 
to disintegrate. This cause of decay applies more particularly to countries 
in the vicinity of volcanos. Yet it is thought by some geologists that car
bonic acid gas does percolate through the soil in many regions far removed 
from volcanic action. I have sometimes been led to resort to this agency, 
to explain the fact, that the only granite occurring in Berkshire county, in the 
western part of Clarksburg, should disintegrate so easily. I have not noticed 
in its feldspar a tendency to decomposition: and yet its bowlders, that are 
strewed for 20 miles over the hills and valleys in a southeast direction, are al
most incessantly crumbling to pieces. That free carbonic acid has pervaded 
the rocks of Berkshire county, in early times, in a very remarkable degree, 
and that it has even undergone decomposition while in them, I shall endeav
or to show in another part of my report: but whether the process is now 
going on to any extent, I have no facts to determine; yet there are some in
dications that an extensive fault exists along the western part of that county. 

If the views which I have presented are founded in truth, then benefit 
might sometimes be derived from chemical analysis in judging of the proba
ble durability of rocks for architectural purposes. This is particularly true 
of limestones. But I will not farther enlarge on a subject on which I am 
able to cast so little light. 

IS. Clay for Bricks. 

The clay that has been already described as serviceable in agriculture, is employed almost enry 
where for making bricks. There are but very few towns in the state, and those very mountain
ous, where this clay does not occur in a state more or less pure. I regard a11 of it as belonging 
to the diluvial formation ; and it seems to have been depositt>:d in every basin, where the re

tiring diluvial waters were kept quiet by the surrounding hills. Consequently we find it at 

very different levels; and having been derived from the rocks in the vicinity of its deposits, its 

color and composition will somewhat vary. In most instances its color is bluish, passing some

times to greenish. But in the eastern parts of the state, as at Lowell, Kingston, Sandwich, &c. 

its color is nearly while; though I am not without strong suspicion that most of the clay in 

Plymouth and Barnstable counties belongs to an older deposit, whose type exists on Martha's 

Vineyard, and which I do not include in the diluvial clays that are described above. 

Nearly all the clays in Massachusetts, except the white clay of Duke's County, contain a 

large per cent. of iron in the state of protoxide. When exposed to strong heat, this passes to 

the state of peroxide, or the red oxide; and this is the reason why all the bricks made in Mas

sachusetts are red. In some parts of the world bricks are made of clay destitute of iron, and 

these when burnt, are white, or nearly so. These are denominated fire bricks, because they will 

endure so powerful a heat without vitrification. The same clay is employed for pipes and white 

earthern ware; and the most delicate variety is used for the manufacture of porcelain. Very 

little clay in l\Iassachusetts, except the white variety on Martha's Vineyard, will answer even for 
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fire bricks; because it nearly all contains iron. The non-ferruginous clay of Martha's Vineyard, 
however, is quite abundant. I give below its analysis, as well as that of a specimen from an ex
cavation in granite, made a few years ago, a mile northwest of the meeting house in Norwich; 
where is a vein of blende. TJie feldspar of the granite is more or less decomposed; and if the 
quantity is large enough, it will doubtless answer well for the purposes above named; even for 
porcelain ; as its composition corresponds essentially with that of European porcelain clays. In 
neither of the specimens could I detect a trace of iron: but I selected those which were appar
ently most pure. 

(No. 145.) (No.144.) 
Norwich Clay. Gay Head Clay. 

Water, 8.00 9.00 

Silica, 53.40 62.26 
Alu:nina, 36.26 29.31 
Lime, 0.24 0.18 

Magnesia, 0.68 0.45 
Manganese, 0.20 0.15 
Loss, 1.22 Excess-1.35 

100. 100. 

Since it is not every white clay that is destitute of iron, as an examination of Nos. 142, 
143, will show; it may be well to mention an easy method of determining whether a clay con
tains iron in the state of protoxide. If it does, it will become yellow, or red, when exposed to a 
strong heat; but if it does not, its -white color will remain. 

Precious Stones or Gems. 

Although but few gems have yet been wrought that are natives of Mas
sachusetts, yet the list of such as exist there in greater or less quantity, is by 
no means contemptible. 

Quartz. 

The most common variety of this mineral, that is employed in jewelry, is the rock crystal, or 
pseudo dia1Y1;ond, which is the limpid crystal. When cut, it exactly resembles pure glass, but 
is much harder. It may be used for a great variety of ornaments, but on account of its wide 
diffusion, its pecuniary value is not very high. Although it is met with in almost every part of 
Massachusetts, I shall refer only to two localities. In the south part of Pelham large quantities 
of quartz crystals occur, and some of them will answer for the lapidary, (No's. 1097 to 1101.) 
But these crystals are inferior to those found in the south part of Willamstown, on the farm of a 
Mr. Phelps. (No. 1987.) The crystals are numerous at this spot, but they are generally of a 
small size. 

Yellow Quartz, or Citron, or Occidental Topaz. 

I have met with this variety only at the lead mine at Southampton, and there but rarely. It 
is said, however, to occur also at 1\Iiddlefield. When cut it can often hardly be distinguished from 
topaz. 



Precious Stones. 185 

Smoky Quartz, or Smoky Topaz. 

This is quartz crystal that appears as if penetrated by smoke. It makes a delicate ornamental 
stone when polished. I have found it in crystals in Goshen and massive in Williamsburgh. 

A coarse variety is not uncommon in large grained granite. I am indebted to J. S. T. Ames 
Fsq. of Cabotville for a pretty cut specimen from South Brookfield. From Canton in Connecti

cut, l have a crystal six inches in diameter . 

.Jl.methyst, or .Jl.methystine QUl11·tz. 

The most valuable variety of amethyst is a violet colored sapphire. But the common amethyst 
is nothing more than colored quartz. It is met with sometimes in the trap rocks of the Connec
ticut valley, as on Mount Holyoke and on Deerfield mountain. (Nos. ll92. 1193.) It has been 
found also in gneiss of a delicate color in Franklin by Mr. Mortimer Blake. (No. 2508.) I have 
seen it also in rolled masses in Amherst. 

Rose Quartz. 

This differs only by a shade of color from the amethyst. It would be much esteemed in jew
elry were it ~ot that it is liable to fade. Yet a faded specimen may be in a measure restored by 
being placed for some time in a moist place. This variety occurs in Blanford, Chesterfield, Ches

ter, Williamsburgh, and Chelmsford : but at none of these places is it particularly beautiful. 
(Nos. 733. to 735.) 

Prase. 

Prase is only a green variety of qulltz, of no great value as a gem. I have noticed it only 
in bowlders of graywacke in Brighton, Dorchester, and Dover. (No. 391.) 

Horns tone. 

I know of but one variety of this mineral in Massachusetts that is delicate enough for the pur
poses of the lapidary: and that is the light green specimen (No. 2509.) from Pelham and Am
herst, where it has been found only in bowlders. From the specimen in the state collection, it will 

be seen that if polished, it would form ornamental articles of rich appearance. This specimen 
moreover is interesting from its historical associations; it being the identical block out of which 
the followers of Shays manufactured flints during his insurrection against the Government. I am 

indebted for it to 0. M. Clapp, Esq. of Amherst whose father preserved it. It is fully equal 
to flint for striking fue. 

Chalcedony. 

Almost all the varieties of this mineral, viz. common or gray chalcedony, cacholong or the 
white variety, and carnelian, or the flesh colored, are found in the trap rocks in the valley of the 

Connecticut, particularly in Deerfield. The specimens, however, are not usually large. But in 
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the primary regions of the state, and associated with mica slate, \Ve find large rounded masses of 
chalcedony, which is usually mixed with some other variety of quartz; as at Chester, Tyringham, 
Conway, and Amherst. Were this mineral in demand by the lapidary, I doubt not hut aome 
of these localities would afford handsome specimens. 

Jasper. 

This mineral, reckoned among the precious stones by the ancients, is not uncommon with the 
porphyry of the eastern part of the state. Saugus has long been known as its principal locali
ty. Specimens from that place are, indeed, more beautiful than any which I have met with from 
other parts of the state: though were I writing the scientific history of the mineral, I might be 
permitted to doubt whether it is the genuine jasper of mineralogists. But as it greatly resembles 
true jasper, it may, without practical error, be considered such. Its color is red, and sometimes 
it is traversed by white veins which makes it resemble the striped jasper of Egypt. (Nos. 388. 
to 390.) Several other varieties pf this mineral are found in Lynn, and in the vicinity of the 
Blue Hills. Indeed, almost all the sea beaches from Boston to Sandwich abound in pebbles of 
this character From them all a beautiful collection might be made out. 

Jlgates. 

Agates are composed of the different varieties of quartz, arranged in spots, veins, or stripes, 
so as to produce a pleasing diversity of colors. These are not uncommon in Massachusetts. 
Some have been found in the south part of Deerfield, (No. 1191.) from six to nine inches across, 
composed of concentric layers of chalcedony, carnelian, &c.: and sometimes these constitute a 
geode lined with crystals of amethyst. In Conway and Amherst, the different varieties of quartz, 
such as hornstone jasper, and chalcedony, are agatized ; so that if polished they would be beau
tiful. (Nos. 737 to 745.) In Rochester I have found large masses of a brecciated agate, which 
admits of a good polish, (No. 1103.) and this occurs mar~ or less in a northerly direction almost 
to Middleborough: and southeasterly to Fairhaven. I doubt not but some fine specimens might 
be found in that region. 

Satin Spar. 

This fibrous variety of limestone, which would be more valued were it harder, exists in con
siderable quantities in at least two places ill Massachusetts. At Newbury it occurs in connec
tion with serpentine, and is of a white color. At West Springfield, it is in veins traversing red 
slate, which has imparted to it a reddish color. The pearly lustre of this mineral makes it a 
favorite for the beads of necklaces and for ear-rings . 

Jlpatite. 

In color and appearance this mineral resembles several more valuable precious stones; especia\ .. 
ly the beryl: but it is much softer and consequently much less valuable. It occurs at several 
places in the State ; especially in the limestone beds of Bolton, Littleton, and in the mica slate 
of Norwich, &c. But I have seen none that would be elegant when cut and polished. (Nos. 
531 . 728.) 
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.B.mbc1·. 

It ought not to be forgotten that fragments of this mineralized resin, which makes very pretty 
ornaments, has been found at Gay Head ; and a mass on Nan tuck et weighing a pound: and that 
the tertiary deposits of those islands are precisely of the character most likely to yield this 
substance. 

Fluor Spar. 

I know of no locality of this mineral in the State that furnishes specimens of much size: 
But those at the lead mine in Southampton are of a deep green and purple color and beautiful: and 
should that mine be more extensively explored, there can be no doubt but fine specimens of 
fluor would be obtained. It is used chiefly for vases. 

Sapparc or Kyanitc. 

Good specim~ns t>f this mineral are very easily mistaken for the blue sapphire; from which 
however, it is very easily distinguished by its inferior hardness. In this country it has scarcely 
been employed in jewelry; but in France and Spain it is cut into forms adapted for rings, 
broaches, &c. Although not uncommon in this etate, the only locality where its color is fine 
enough for this purpose, is Chesterfield, where it is orten found very beautiful. 

Fcldsp<ll'. 

Adularia is the variety of this mineral most frequently used in jewelry. It forms the Aloan 
Stcme, Sun Stone, lVater Opal, &c. In Brimfield, Sturbridge, and Ware, it forms numerous 
laminar nodules, which would undoubtedly answer well for ornamental purposes. 
Th~re are two localities in the State of green feldspar: viz. Beverly and Southbridge. The 

latter is a. light green adularia, and answers well for ornaments; as the polished specimen No. 
1086 will show. That found in Beverly is of a still deeper and richer green color. 

Some of the feldspars of Essex County, are of other rich colors ; as brown, bronze, &c. and 
it seems lo me they would be elegant if cut and polished. 

Io lite. 

This mineral, which somewhat resembles sapphire in color, occurs in the gneiss of Brimfield. 
But whether in masses large enough for ornamental purposes, is perhaps uncertain. Yet the lo· 
cality has yet been but imperfectly explored. 

Silicate of .Manganese, or Manganese Spar. 

This beautiful ore takes a good polish, and is sometimes employed in jewelry for inlaid work. 
It occurs abundantly in Cummington i but has never to my knowledge been cut and polished in 
this country, except a few specimens by J. S. T. Ames, Esq. 
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Garnet. 

Two varieties of the garnet of Massachusetts, vie in beauty with those 
from any part of the world. The first is the essonite, or cinnamon stone ; 
so called from its brown color. Splendid crystals of this mineral are found 
in the limestone of Carlisle, accompanied by scapolites, actynolite, &c. With
out polishing, these crystals form splendid gems. Less beautiful specimens 
are found in limestone in Boxborough. -

The other variety is the Pyrope. And this exists in Worcester county in 
great quantity, in a belt of country several miles wide, embracing the towns 
of Sturbridge, Brimfield, Wales, Holland, Ware, Brookfield, Barre, &c. The 
same garnetiferous gneiss that contains this mineral in Massachusetts, I have 
traced nearly to Long Island Sound. The most perfect specimens of this 
pyrope occur at an excavation made in Sturbridge a few years ago, in search 
of plumbago, on the farm of Mr. Morse, one and a half miles south of the 
meeting house. These are so fine that I have placed some specimens in the 
Government collection that have been cut and polished and were they set 
in foil, they would advantageously compare with pyrope from almost 
any part of the world. Though the rock abounds with the mineral at this 
spot, the best specimens are obtained from the thin layers of plumbago which 
exist there. There is little difficulty in finding specimens large enough and 
of good color in many places: but they are liable to be filled with fissures. 
Those in the plumbago have more solidity. I think the time will come when 
this beautiful mineral will be extensively sought after in the region above 
described. At present there is no demand for it, because there is not, to my 
knowledge, a lapidary in New England. 

Spinelle. 

The blue or black spinelle has no commercial value, no: being used for jewelry. But the red 
spinelle, or ruby is extensively employed. Both varieties have been found at Boxborough, Bol
ton, and Littleton, in the limestone: but as tbe red variety is very rare, it is unnecessary to 
dwell upon the subject. 

Tourmaline. 

All the varieties of color which this mineral any where exhibits, viz. blue, red, indigo, black 
and white; and all mixtures of these colors, are found in the tourmalines of Chesterfield and 

Goshen. These colors too, are very rich: but hitherto the crystals found there have abounded in 
cracks, which have injured them for cutting; although they form elegant cabinet specimens. 
Some of the specimens, however, would admit of being wrought. The red tourmaline is said 
also to occur with the essonite garnet, in the limestone of Carlisle. 
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Benji. 

The recent discovery of a rich locality of this mineral in South Royalston, enables me to place 

it as the first and most abundant of all the gems of Massachusetts. The specimens in the State 

Collecticn exhibit it in its natural state, as well as cut and polished by the lapidary .• When 

set in gold, it is often much richer in appearance than the common beryl, that goes by the name 

of aquam.ari11e. Its color often approaches nearer to the genuine emerald, though some specimens 

have the peculiar blue color of aquamarine. Sometimes, though rarely, the color is a yellowish 

green, very much like the chrysolite. Hundreds of specimens have already been obtained from 

this spot j and the prospect is, that a vast many more may be obtained. They occur in a vein of 

coarse granite, 10 or 12 feet wide, traversing gneiss; and the purflst beryls are in the quartz. 

1t ought, however, to be remarked, that only a few of the specimens are free enough from fissures 

to be advantageously cut. Yet considering the large number of fine cabinet specimens that 
have been, and probably can be, obtained there, I apprehend that no locality of beryl hitherto dis

covered in this country, can compare with this. My attention was first directed to it by Alden 
Spooner Esq. of Athol j who generously furnished me with several fine specimens. 

Another new locality of beryl, less prolific however, and furnishing far less beautiful speci
mens, is in the extreme west part of Barre, in a coarse granite vein, similar to that in South 

Royalston. The State collection contains specimens. Several other localities exist in the 
State i as, Norwich, Goshen, Chesterfield, Pelham, Warwick, Fitchburg, &c.: and from some of 

them, now and then a specimen has been obtained nearly equal to those from Royalston: but in 

general they are coarse and scarcely translucent. 

4. USEFUL METALS AND THEIR ORES. 

I shall begin with the metal that is most wide spread, abundant, and useful. 

I. Iron. 

JJ.rsenical Iron and Carbonate of Iron in Worcester. 

In the town of \.Vorcester, in mica slate, is a bed of these ores, which was explored to some 

depth, a number of years ago, in search of the precious metals. A little galena or lead ore is 
found also, in the same mine. As the excavations are now nearly filled up, it is impossible to 
judge of the extent of this bed. 

Arsenical iron is seldom explored for the purpose of getting malleable iron from it; although 

it is sometimes employed for the arsenic it contains, and for the preparation of sulpburet of arse

nic. The carbonate of iron is an excellent or~: and has received the name of steel ore, be
cause it may be readily converted into steel. 

Carbonate of Iron and Sttlphitret of Zinc in Sterling. 

This is a bed, in mica slate, just like that at Worcester: and was extensively explored forty or 

fifty years ago, for the same purpose which led to the openjng of that bed, viz. the discovery of 
gold and silver. The carbonate is the most abundant ore, and lies scattered about the excava

tion, in considerable quantities; although the sulphuret of iron is common, which is sometimes 

arsenica.1. A reddish, foliated sulphuretof zinc also occurs here, in considerable quantity, and some 

sulphuret of lead. \Vhether this mine will be found worth exploring, it is difficult in its present 

state, to determine. If it afford the carbonate of fron in large quantities, it will certainly repay 

the effort. It lies about a mile and a half southeast of the center of the town. 

25 
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The most important one at the above localities being carbonate of iron, 
have subjected specimens to analysis with the following results. From 100 
parts of the ore from Worcester (No. 783) I obtained, 

Silica &c. 
Proto Carbonate of Iron, 

" of Manganese. 

Carbonate of Magnesia, 
Loss, 

A specimen from Sterling (No. 785) yielded, 

Silica, 
Proto Carbonate of lron, 

of Manganese, 
Carbonate of Magnesia, 

Loss, 

Carbonate of Iron in West Stockbridge. 

3.66 

59.28 
1094 
25.80 

0.32 

IU0.00 

0.69 
81.69 

4.42 
12.58 
0.62 

100.00 

At the bed of hematite iron ore in West Stockbridge, there is frequently 
found a stone of a light gray color, (No. 1689) which used to be thrown 
away as of no value. But its great weight attracted attention; and upon 
trial it was found to be an excellent ore of iron. On analysis I find it to be 
a granular, almost pulverulent, and quite pure, carbonate of iron. It yield
ed as follows : 

Proto Carbonate of Iron, 
Carbonate of Magnesia, 
do. of Manganese, 
do. of Lime, 

Silica, alumina, &c. 
Loss, 

87.19 

5.21 
2.46 
1.41 
2.81 
0.92 

100.00 

This ore exactly resembles a opecimen of the Sphaerosiderite from Hesse 
in Germany,* and can hardly be distinguished from the compact carbonate 
of iron found in some of the coal fields of this country. If it exists in much 
quantity at West Stockbridge, or at any of the beds of iron ore in Berkshire 
County, it deserves the attention of the enterprizing men who are there en
gaged in the manufacture of iron. But I cannot conceive why this ore should 
not yield steel at once as is done in the process by which German Steel is 
prepared. Since I ascertained the composition of this ore, I have not been 
able to visit the iron deposits of Berkshire. 

* This specimen is No. 153 ofa collection of rocks from Germany in the Cabinet of Amherst College. As 
this collection \Vill probably be permanently accessible, I shall for the sake of comparison, several times re
fer to it in the progress of this report. An Economical Collection from ~Europe in the same Cabiuet will 
also be referred to, occasionally. 
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Carbonate of Iron in Newbury. 

As one passes from Newburyport to Kent's Island in Newbury,just as he arrives at the uorlh· 
ern margin of the salt marsh surrounding the island, he will notice abundant fragments of a 
white rock, coated over with iron rust. Suspecting it to be carbonate of iron, I obtained a 
specimen (No. 176) and have subjected it to a hasty analysis with the following results: 

Carbonate of lime, 
Carbonate of magnesia, 
Proto Carbonate of iron, 
Proto Carbonate of manganese, 
Silica and alumina, 
Loss, 

Specific gravity, 2.94. 

45.67 
8.97 

21.76 

16.10 
3.34 
4.16 

ioo:-

The small quantity of iron in the specimen above analyzed, and the abundance of lime and 
magnesia, leave one in doubt whether it ought not to be regarded rather as a magnesian lime
stone containing a large amount of iron and manganese. A more important question is, whether, 
with 50 little iron, this mineral can be profitably wrought. And yet some of the ores of spathic 
iron in Europe that are smelted, contain only a little more than 20 per cent. of the carbonate of 
iron. This ore is regarded in Europe as one of the most valuable of all the ores of iron, espec
ially for the manufacture or steel; the well known German steel being obtained from it: and 
the character of most of the substances mixed with it in Newbury, especially of the lime, will 
probably render any other flux unnecessary in working it, unless it be clay. At any rate, as I 
noticed the quantity of the mineral to be very great at the spot above named, and as I may not 
have selected the richest specimens to be found there, I have thought it would be best to call the 
attention of the public to the locality. 

Chromite of Iron. 

This valuable ore is disseminated in minute grains through most of the ser
pentine in Massachusetts, west of Connecticut river. But as yet only two 
places are known where it exists in veins of sufficient quantity to deserve at
tention. One of these is in a bed of serpentine five miles northwest of the 
meeting house in Blanford, on the old road to Becket. It occurs there in tu
berculous masses, or perhaps a vein, of only a few inches in diameter; ancl 
Dr. II. Holland of Westfield informs me that he has ascertained that it con
t.ains only about 30 per cent. of the oxide of chrome. But a few miles farther 
north, in the west part of Chester, near the rail road, and on one of the 
branches of W eftfield river, he has discovered a vein of much greater extent, 
which bids fair to afford enough of the ore for the purpose of manufactory 
into the useful chrome salts. Dr. Holland has furnished me with the follow
ing description of this ore. 

"The chrome ore," he says," appears only in the eastern portion of the serpentine. I have 
found three distinct 'out-cropping' veins of the ore, or more properly couclies, crossing the ser-
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pentine, which is schistose and deep green, east and west, from 5 to JR inches in width. I had 

a man blast one of the couches, and with a few hours' labor procured some 1200 pounds of the 

ore. I have one mai:.s very pure of 60 pounds. 11 

"l have tested the mineral as accurately as possible to determine its comparative value, and 

found it upon analysis, similar to Uralian chromite of iron, giving from 52 to 53 per cent. of ox

ide of chrome, as it enters into composition, a protoxide. The iron is from 33 to 35 per cent. 

a peroxide, by calcination : which removed by hydrochloric acid, from the residuum of fil'sl cal

cination, gave a distinct trace of platinum, as I considered it. 
"Perhaps I might have been mistaken. I was led to notice it, from the fact that platinum 

is found associated with chromite of iron in Siberia, as well as in the chromite of iron and iron 

sand of St Domingo. The Chester chromite of iron has been tested by the Messrs. Tieman of 

New York, practical chemists. When made fine and free from the matrix, silex, alumina and 

magnesia, as pure as usual for the arts in gross, it is found to yield, like the Marylandand Penn

sylvania chrome ore, about 43 per cent. of protoxi<le of chrome, which combines with the potash." 

It is well known that some of the most beautiful paints in use, as the chrome yel1ow, chrome 

green, &c. are prepared from this ore. And to such a use it is Dr. Holland's intention to apply 

the Chester chromite, whenever it can be done profitably. The foreign salts of chrome have till 

recently been sold at so low a rate, that it has been impossible to compete with them in a coun

try where labor is so dear as among us. But these articles have recently risen in market : and 

it seems hardly possible to doubt, but that a mine of chromite of iron must ere many years be

come exceedingly valuable. A few years since, Dr. Holland prepared several salts from the 

Chester chromite, and he has been kind enough to send me the only parcels of them yet 'remain

ing, and I have put them into the colle1..:tion forwarded herewith. No. 2498 is a specimen of 

the Che~ter chromite of iron : No. 221 chromate of potassa: No. 222 chromate of lead, or 
chrome yellow : No. 223 dichromate of lead. 

I have recently subjected to analysis a specimon of the chromite of iron 
from Chester, presented to me by Dr. Holland; following the rules given by 
Dumas in his Chemie applique aux arts, Tome Troisieme, p. 446. 25 grains 
yielded as follows: 

Mineral undissolved by the nitre and potassa, 
Silica associated with the oxi<le of iron, 

do. with the Chrome, 
Alumina associMed with the iron, 

do. with the chrome, 
Oxide of Chrome, 
Per Oxide of Iron, 
Loss, 

1.80 
1.84 
0.30 
0.16 
1.10 
s.oo 

11.70 

0.10 

25.00 

Exclus.ive of the silica and alumina, the chrome in the preceeding analysis amounts to about 

40 per cent; agreeing, as I understand it, with the foregoing statement by Dr. Holland. But if 
the analysis be reduced to a centessimal standard, (neglecting the los.s of the undecomposed resi

due,) it will stand as follows. I hav~ added for the sake of comparison analyses of the chrome 
ore of St. Domingo and Baltimore. 

Chester, Mass. St. Domingo. Baltimore. 
Oxide of Chrome, 34.63 36.0 39.514 
Oxide of Iron, 50.65 37.0 36.004 
Silica, 9.27 5.0 10.596 
Alumina, 5.45 21.5 13.002 
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There is a good deal of diversity in the amount of ingredients in the chromite of iron from dif
ferent localities. Dumas thinks they can all be reduced to two formulas : the first of which em
braces the Chester Chromite: 

Ch 0-1- Fe2 0 3 

3 Ch 0-1- Fe' Q3 

Beudant thinks it necessary to admit at least four different combinations of the ingredients. 
/Traile de Mineralogie, Tome Second, P· 666.) 

Phosphate of Iron. 

The earthy variety of this ore has been found, in considerable quantity, at the mineral spring 
in Hopkinton. lt forms a bed, one or two feet below the surface, and has been employed as a 
pigment. It is said to exist also near Plymouth. 

Sulphuret of Iron, or Iron Pyrites. 

This is the yellow ore so frequently mistaken for gold. It occurs more or less in almost every 
rock; but it is of no use, unless it exists in large quantities, and is of that variety which easily 
decomposes. In such a case, it may be converted into the sulphate of iron; that.is, into copper
aa. The ore is broken up, and exposed to the action of air and moisture, when t.he change takes 
place, and the lixivium is evaporated t.o obtain the copperas. In Massachusetts, one can hardly 
avoid meeting with iron pyrites; and in t.hewestern part of \·Vorcester county, the tra"teller can
not but notice, that nearly all the rocks are coated over with iron rust. This is the result of the 
decomposition I have spoken of. In Hubbardston, the sulphate is so abundant, t.hat a manufacto
ry of copperas has been established, and I believe succet:is has t.hus far attended the enterprize. 
The annual produce is about 75 tons. I should presume that copperas might be manufactured in 
several other towns south of Hubbardston; as in North Brookfield and Southbridge, although the 
rocks do not appear as highly impregnated with pyrites in any place as in Hubbardston. 

The decomposition of pyrites, in large quantities, often produces a considerable degree of heat ; 
and sometimes pieces of rocks are driven off with explosion. This iv one of the sources of those 
numerous stories which one hears in the country, concerning noises heard, and lightswithsmoke 
seen in the mountains. Such occurrences excite the belief of the existence of valuable mines 
in the vicinity: but they evince the existence of nothing more than iron pyrites. 

Magnetic oxide of Iron. 

This is a valuable ore, affording from 50 to 90 per cent of iron. It exists in several places in 
Massachusetts, and on the borders of the State. When pure it contains about 69 per cent. of 
the peroxide and 31 per cent. of the protoxide of iron. 

Hawley Iron .Mine. 

The principal ore here is the magnetic oxide, which is very good, aud the bed is favorably 
situated for exploration. The ore does not seem to be abundant, tbe bed being rarely more than 
one or two feet wide. It has been wrought to some extent; but the operations are at present sus
pended. Micaceous oxide of iron occurs at the same bed. 

The same bed of ore makes its appearance a mile or t.wo south of the excavation: and also, as 
I have been told, two or three miles north, in Charlemont 



194 Ec01wmical Geology. 

Beds of Magnetic Iron ore in Chesler. 

In the western part of Chester, near the bed of serpentine and soapstone already described, not 
far from the \>\""estern Rail Road, are several beds of magnetic oxide of iron: none of which ex

ceed a foot in width. They occur in the hornblende slate, a little east of the serpentine and soap

stone, on the same high hill. Like them, the ore also extends southerly into the mountains to
wards Blanford. And by looking at the geological map, it will be seen that the lalcose slate and 
hornblende slate formations of Chester extend northerly across the state; and embrace the Haw

ley iron ore: so that probably it will be found that this ore is common along the junction of these 
rocks. Indeed I have lately had intimation that in the south part of Hawley, the ore occurs in 
large quantity: but I have not since had an opportunity to visit the spot. 

V ei11 of Magnetic Oxide 011 Bearlown Mou11tai11. 

Mr. Daniel Couch of South Lee showed me a specimen of magnetic oxide of iron of good qual
ity, which he obtained from a vein in quartz rock on Beartown Mountain, near the road to Bear
town, and within the bounds of Tyringham. At the surface, the vein was only 4 inches wide: 
but on exploring ita few feet downwards, it had enlarged to 18 inches. 

Bed in Bemardslon. 

In describing the bed of limestone in Bernardston, I have already spoken 
of the bed of magnetic oxide of iron, several feet thick, contained in the 
limestone ; and of the attempt made some years ago to smelt it. Both beds 
dip at a moderate angle to the southeast, and are accessible without difficulty. 
Although the trials that were made with this ore, were not very successful, 
yet there can be but little doubt that those trials were very imperfect ; and 
since the ore is abundant, it will no doubt ere long, attract the attention of 
those engaged in the manufacture of iron. A specimen analyzed (No. 505,) 
gave the following results : 

Peroxide of Iron, 
Proloxide of do. 
Silica, 
Magnesia, 
Manganese, 
Loss, 

57.86 
25.98 
9.90 
5.42 
0.54 
0.30 

100.00 

This analysis shows no ingredient in this ore that would resist its reduction, except perhaps 
the small quantity of manganese; and to conquer thii, nothing more is needed than the hot air 
blast, so commonly used in the country atthis day for the reduction of iron. 

Bed in 1Yarwick. 

Near the east line of Warwick, in a hill of mica slate, are at least two Leds of magnetic oxide 
of iron, several feet in width : bul as they have never been opened to any extent, their exact 
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width is difficult to be determined. There can be no doubt however, that the quantity of ore is 
amply sufficient for every purpose of the manufacturer. It is very compact; and has a specific 
gravity of 4.47. Hence it would probably require the mixture of some other kind of ore, in or
der to be readily reduced. lt also contains manganese, which will make it desirable to use the 
hot air blast for smelting it. I cannot but believe that the want of these, or similar precautions, 
was the cause why an attempt to reduce this ore several years ago was unsuccessful. At least, 
the following analysis discovers no other cause for the failure. 

Peroxide of Iron, 46.34 
Protoxide of do. 20.70 
Silica, 15.28 
Manganese, 7 .92 
Magnesia, 4.18 
Lime, 4.88 
Loss, 0.70 

100.00 
I feel confident that the preceding analysis, as well as that of the Deruard:::;ton ore, give the 

per cent. of iron very near the truth. But in regard to the other ingredients, I do not feel quite 
so sure ; because I have not been able to make all the verifications that are desirable. As a 
ground for judging of the value of the ore by practical men, these resulls are doubtless sufficient: 
but for scientific deductions they ought to be repeated . 

.Magnetic Ore Beds on the borders of Massachusetts. 

As much of the ore from these beds is used in Massachusetts, I ought to refer to them. Iu 
Winchester, N. Hampshire, a bed exists only two or three miles from Massachusetts, which was 
formerly worked: and the ore is said to be abundant: but I have not visited it. In Somerset, 
Vermont, several miles north of Massachusetts, is a rich deposit of this ore, which is very sue ... 
cessfuly wrought, and forms beautiful iron. But the largest deposit of this ore is in Cumberland, 
Rhode Island, two miles northeast of the centre of the town, and of course almost on the line 
between the states. A large hill is here almost entirely composed of iron ore; and it exists in 
many other places in the town. I am not aware that this ore has been analyzed : but I appre
hend that it will be found to be very much impregnated with manganese. A few years ago I was 
informed by General Leach of Easton, who then owned this hill, that it did not yield more than 
25 to 30 per cent. of metallic iron . 

.Micaceous Specular Iron Ore, at Hawley. 

I have met with the common specular iron ore scarcely any where in Mas
sachusetts. At Malden it is said to exist in small quantity, in porphyry; 
and in Mendon in granite. And I have seen a specimen blasted from the 
rail road cut in sienite, in Dedham. Of the micaceous oxide of iron, how
ever, which is a variety of the specular oxide, we have a fine locality in Haw
ley, where it is associated with the magnetic oxide akeady described. For 
cabinet specimens it is very fine, as a reference to No. 844, will show. 
Formerly this ore was rejected as of no value: though afterwards it was 
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smelted. And it is indeed an exceedingly pure ore, which must yield nearly 
70 per cenl of iron; as the following :..nalysis will show. 

Peroxide of Iron, 
Water, (lodged probably between the scales of the ore,) 
Loss, 

99.26 
0.60 
0.14 

100.00 
We may safely consider this ore as an absolutely pure peroxide of iron: the oxygen amount

ing to 30.66 per cent. and the iron to 69. 34. Whether a large quantity of it can be obtained at 
the mine I could not accurately determine . 

.Micaceous Iron Ore in Montague. 

Near the mouth of Miller's river is a hill of considerable extent, which appears to be traversed 
by numerous veins of this ore. The largest which comes in sight, is in the soutbeast part of the 
hill, at the top of a ledge of mica slate and granite, and is several feet in width. It is favorably 
aituated for exploration, and unless the ore is injured by an occasional mixture of sulphuret of 
iron, I do not see why it might not be profitably wrought. Wood is very abundant.in the vicin
ity, and it is not far from Connecticut river. Good micaceous oxide of iron, yields about 70 per 
cent. of excellent iron. 

According to Professor Webster, thin veins of micaceous iron ore exist in the porphyry of 
Malden, which were formerly wrought to some extent. It occurs also in graywacke, at Brigh
ton, and in greenstone at Charlestown, according to the Messrs. Danas. 

Limonite, or Hydrated Peroxide of Iron. 

In this species are embraced nearly all the iron ores that have been wrought 
in l\fassachusetts ; viz. the Brown Hematite, the Argillaceous Oxide, and the 
Bog Ore, with red and yellow ochres. 

Brown Hematite. 

Connected with the limestone, mica slate, 3.!'.d talcose slate, along the west
tern side of the Green Mountain range, in the eastern part of New York, 
and the western part of Connecticut, Massachusetts, and Vermont, are nu
merous and extensive beds of the brown hydrate of iron, commonly called 
hematite. This is a most valuable ore ; and has been extensively explored in 
all the states above named; as at Kent and Salisbury in Connecticut, at 
Amenia, Beekman, Dover, Fiskill, &c. in New York; and at Bennington, 
Vermont. I am satisfied that the ore usually forms beds in mica slate. But 
most of those that have been explored are in diluvium; having been remov
ed from their original position by diluvial or alluvial agency. In a few ex
cavations, however, the ore is seen between the layers of the slate. This is 
a point of no small importance. For if the ore exists only in diluvium, it 
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may ere long be exhausted. But if the masses in diluvium be only the detri
tus of beds in the slate, there is scarcely any probability that the ore will 
ever be exhausted: since we may suppose that it extends as deep into the 
earth as the slate. 

The brown hematite of Massachusetts is confined I believe to Berkshire 
County. The ore is sometimes fibrous and concretionary, (which are the 
purest varieties) but more commonly compact or vesicular, and often ochrey. 
I shall now give a brief account of those beds of this ore whose existence I 
have been able to ascertain in Berkshire. 

To begin with the south part of the County. I have been informed that several hundred tons 
of this ore were dug some years ago in the south part of Tyringham, and that indications of ex
tensive beds exist there. But I have not visited the spot. 

Ju the west part of New Marlbourough, on the form of Josiah Sheldon, Se\•eral excavations 
ha ''e been made a few feet deep, over a space of several acres, and an abundance of yellow and 
light red ochres extracted; such as usually accompany beds of hematite. I can have little doubt 
that farther exploration would bring to light an extensive bed of ore. 

In Great Barrington, a deposit of this ore exists at the south end of Long Pond, which was 
formerly wrought to some extent. Another deposit occurs about a mile and a half northeast from 
the village ; and sev.eral others exist on the east side of the Housatonic farther south. There 
can be no doubt that the ore may be found in this town in abundance. 

In Stockbridge there are iudications of this ore a little distance north of the village, accompa
nied with much sulphuret of iron. 

Jn Lenox, as many as four or five beds have formerly been opened, and much ore has been car
ried away. One excavation was made in the village, and r:ieveral others a mile or two west of the 
village: so that we have every reason to suppose the soil to abound with the ore. 

One deposit at least exists in Alford: but its extent is not known. 
In Lee, are indications of se,·eral beds; as one can see in many places, where the earth has 

been excavated a few feet for highways. 
A very large deposit has long been explored in West Stockbridge, from which, in 1837, no 

Jess than 4000 tons were extracted : which were valued at $2000 : and probably this is not far 
from the average annual produce of the mine. 

Judging from what is at present known, Richmond abounds in this ore more than any other 
town in the county. Not less than 12 beds are known: most of which have been more or less 
explored . At one of these beds, in the east part of the town, I noticed that the quantity of 
yellow ochre was very great. At another, in the southeast part of the town, I found the best 
specimens of the fibrous variety that l had seen in the county. The fibres are several inches 
long. As this is the purest variety of the brown hematite, I subjected it to analysis with the fol
lowing results. 

Peroxide of Iron, 85 
\Yater, 14 
Oxide of Manganese, 

100 

In the northern parts of Berkshire, very few deposits of this ore ha,,e been explored. In 
Cheshire, some years ago, a bed was opened one mile west of the Common, '\ hich yielded con
sideraLle ore: but it is not now explored. Two or three miles northeast of the north village in 

26 
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Adams, also, numrrous rolled masses of this ere were shown me at the foot of lloosac Moun· 
tain. Some of these pieces were more than a foot in diameter: and I was assured they might 
be found half way up the mountain. In short, the indications are very favorable of a large de
posit in that place. In the south part of Williamstown, also, on land of Joshua Morey, the hem
atite appears in the banks of a small stream. But without exploration it is impossible to judge 
of its extent, or value. One mile east of this spot is a bed of yellow ochre, which was formerly 
explored. 

F'or reducing the ores that have been.described in Berkshire, I cannot ascertain that more than 
four furnaces are in operation. Jn 1837, according to the returns made to the Secretary of S late, 
the following was the amount and the value of the iron reduced. 

Jn Great Barrington, One :Furnace, Pig Iron, 180 Tons, Value $ 7.200 
In Lenox, do do 500 do do 22.500 
In Richmond, do do 600 do do 26.400 
In Stockbridge, do do 1337 do do 53.480 

$ 109.580 
1t will be obvious from the above statement, that there are probably many deposits of hema

tite in Berkshire county yet untouched, that might easily be brought to light. And doubtless 
many others will from time to time be discovered when the attention of discerning men is more 
turned to the subject. Jn Richmond, the existence of one of the deposits that has since yielded 
abundantly, was first made known by the fragments thrown out of his hole by a woodchuck. 
And wherever the limestone is accompanied by mica slate, as it is through all the valleys of Berk
shire, J can see no reason why we may not expect to find the ore, whenever man or beast shall 
penetrate the detritus that now conceals it. 

Clay Iron Ore. 

This is the hydrate of iron more or less mixed with clay. It embraces two 
varieties in Massachusetts, the 110dular and pisiform, and the bog ore. The 
former is found only in the southeastern part of the state; where it is con
nected with a tertiary formation, which I have considered identical with the 
Plastic Clay of Europe. Its ri..:hcst locality is at Gay Head, and its vicinity : 
where nodules occur, sometimes nearly a foot in diameter, of excellent ore. 
It occurs ther'" also, with a pisiform structure; and also mamillary. Of the 
latter variety, the best locality is at l\Iinimshi Bite, about three miles easterly 
from Gay Head. The ore is so abundant at these localities, and so good, that 
I am surprised it has been no more sought after. It was, however, used in 
furnaces on the continent during the last war. Nos. 119, to 128, will 
give a good idea of the varieties of this ore. 

Bog Ore. 

This -variety of the argillaceous oxide, is more abundant than any other in the State, and has 
been used extensively in the manufacture of cast iron; for which it is chiefly adapted. In the 
following towns it is foun<l in large quantities: viz. Groton, Xorth, West, and South Brookfield, 
Carver, Hopkinton, Hardwick, i\ew Braintree, Oakham, Berlin, Sturbridge, Southbridge, Free
town, Dartmouth1 Rochester, Troy, Ea:;ton, and Sharon; and in the following, it exists in greater 
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or less quanlitics; in ~Ii<ldleborough, Malden, Seekonk, Sheffield, Templeton, \Varwick, William:-, 
town, Greenfield, Northampton, Springfield, Williamsburg, Dalton, Holland, Wales, Norton, 
Mansfield, Bridgewater, Stoughton, Spencer, Gloucester, and on Martha's Vineyard: indeed, J 

can hardly doubt that more or less of this ore may be found in nearly every town in the State. 
l found it so common tlu.t at length l ceased to enquire for it, and lhe localities are so numerous 
that I have not attempted to exhibit_ them all upon the :.\fop. 

It ought to be recollected, that the process by which bog ore is deposited, is in many places now 
going on, particularly at the bottom of ponds. The interval between one dredging and anolher, 
was so variously stated to me, that l suspect it differs greatly in diffurent places. l presume, 
however, that it ought never to be put less than twenty years. But the fact that there will be a 
renewal of the deposit after a certain time, is interesting: because it shows that this mineral will 
never be entirely exhausted. 

2. Lead. 

Several ores of this metal are enumerated by mineralogists, as occurring 
in Massachusetts; but none is found in sufficient quantity to render it of any 
statistical interest except the sulphuret, commonly called' galena : and the 
most important veins of this species are confined to the vicinity of Connec
ticut river. No fewer than fourteen of these occur in that region of suffi 
cient importance to deserve notice. All these are in mica slate or granite ; 
or they pass from the one rock into the other. 

In Southampton. 

The vein in the northern part of this town has attracted more attention 
than any other in the region, and has been several times described. It is 
six or eight feet wide where it has been explored, and traverses granite and 
mica slate, the matrix or gangue containing the ore, being a mixture of 
quartz and sulphate of baryta. It has been opened forty or fifty feet deep, 
in several places, and masses of ore were dug out from half an inch to a foot 
in diameter. As the vein descends almost perpendicularly into the rock, 
water soon accumulated in such quantities, as induced the proprietors to at
tempt reaching the vein by a horizontal drift or adit, from the bottom of the 
hill on the east side. This was no small undertaking, as the opening must 
be carried nearly a quarter of a mile into the solid rock. It was persevered 
in, however, at a great expense, for a distance of nearly nine hundred feet , 
when one of the principal miners having died, and the price of lead having 
fallen two or three hundred per cent. all operations were suspended, and I be
lieve the proprietors wish to dispose of the mine. Had they continued this 
drift a few feet fa1·ther, there is every probability that the principal ' 'ein would 
have been struck, from one hundred and fifty to two hundred feet below the sur
face. Perhaps, however, the work cannot be successfully and profitably resumed 
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until the market shall cease to be glutted with lead from Missouri; but there 
can be little doubt, that immense quantities of ore may be obtained at this spot, 
it may then probably be explored with advantage. I do not· doubt, howe,·cr 
that those who first examined this mine were mistaken in the opinion that 
this vein extends from l\Iontgomery to Hatfield, a distance of twenty miles. 
Lead may indeed be found at intervals along a line connecting those places. 
But 1 have every reason to suppose, that it proceeds from several distinct and 
independent veins. 

The principal ore above described is the sulphuret; but there have been 
found here also, the carbonate, sulphate, molybdate, muriate and phosphate 
of lead, along with the sulphuret of zinc, pyritous copper, and fluor spar. 
Mineralogists will greatly regret, that mining operations have been suspen
ded here, because they were anticipating the development of rich speci
mens of theseand other miiierals. 

Another vein of galena exists in the south part of Southampton, near the 
line of l\Iontgomery. It appears for several rods on the surface, but is only 
a foot or two in breadth. A few years ago, efforts were made to open this 
vein by a horizontal adit, but the proprietors became discouragccl ancl aban
cloned the undertaking. 

In Northampton. 

This vein is only a short distance north of the principal vein in Southamp
ton above clescribed. The gangue is radiated quartz, and the walls are mica 
slate. Yellow blende or sulphuret of zinc abounds here: and the vein was 
formerly explored to a considerable depth. It is several feet wide. 

In fVesthampton. 

This vein has been usually clescribed as existing in Williamsburg and ex
tending into Northampton. But so far as it exhibits itself at the swoface, it 
lies wholly in \Vesthampton-in quite the northeast part of the town, only a 
few rocls from the Northampton line, and but half a mile from that of Wil
liamsburg. The gangue is quartz, and the vein is several feet wiclc, and 
may be traced 30 or 40 rods. But the quantity of galena is small at the sur
face. 

In JVilliamsburgh. 

A vein of galena lies in the northeastern part of this town, and probably 
extends into Whately. It is two or three feet wide, and the gangue, as in 
nearly every other vein of lead in this region, is quartz. l\Iangancse is 
fuund in the same gangue. 
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A second vein of quartz with galena occurs in this town, a mile or two 
northeast of the one last mentioned. The quartz, however, appears only in 
loose masses on the surface, but to such an extent, as can be explained only 
on the supposition, that a vein exists in the rock beneath the soil. Pyritous 
copper is found in connection with the galena at this place. 

In Goshen. 

According to the statements of l\1r. Alanson Nash, who has given a map 
and description of the lead veins and mines of Hampshire county, in the 
twelfth volume of the American Journal of Science, the same indications of 
a galena vein appear a little west of the centre of Goshen, as those men
tioned in respe"t to the third vein in "\Villiamsburgh just noticed, viz. the oc
currence of masses of quartz containing galena. The rock in the region is 
mica slate and granite. 

In Whately. 

In this town are three distinct veins containing lead. One is about half a 
mile east of the first vein described in \Villiamsburgh It extends a short 
distance into Whately. In its whole course, but particularly at its southern 
part, it contains oxide of manganese along with galena. 

A second vein, three or four Jeet wide, exists in a high ridge of granite to
wards the southwest part of the town. It may be traced along this ridge 
about three quarters of a mile. 

The third vein is in the northwest part of the town, extending some dis
tance into Conway. Galena, in quartz, is the only ore that appears on the 
surface. The width of the vein is six or seven feet, and it traverses both 
granite and mica slate. It runs along the western margin of a high hill, so 
that if it should ever be explored, a lateral drift could be easily made. 

I11 Hatfield. 

About two miles west of the village in this town, we find a vein of sul
phate of baryta, from one to four feet wide at the surface, running in a north
westerly and southeasterly direction and containing galena. A shaft has been 
sunk in two places from fifteen to twenty feet deep : and the vein was found 
rapidly to widen in descending. The immense quantity of baryta found here, 
gives the locality a peculiar interest to the mineralogist. 

In R11ssell. 

On the hill southwest of Westfield river near Gould's mills in Russell, is a 
vein of quartz from 2 to 4 feet thick, traversing the granite and mica slate, 
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and containing galena, blende, and copper pyrites. At the surface the ore is 
rather sparingly disseminated through the rock. The vein runs nearly north 
and south, and descends into the hill perpendicularly. The spot where it 
appears is from 200 to SOO feet above the river, and favorably situated for 
mining operations should it be thought desirable to undertake them. 

In Leverett. 

Although this town lies on the eastern side of Connecticut river, yet the 
granite and mica slate, occurring there, exactly resemble the same rocks 
found on the west side of the river; and there can be no doubt that both be
long to the same general formation. Two veins, the ore being chiefly galena, 
are found of precisely the same character as those on the opposite side of the 
river. That in the southwest part of the town is in granite, not more than 
a foot or two wide at the surface, and the gangue is sulphate of baryta. The 
other is a mile and a half to the north of the first: the gangue is quartz, and 
there is almost an equal quantity of galena and pyritous copper; blende also 
occurs in small quantities. This vein is several feet wide, and runs through 
granite and mica slate. Both this and the one first mentioned, have been ex
plored to the depth of a few feet. 

It is impossible to form any confident opinion as to the probable quantity 
of lead, which is contained in the several veins which have been described, 
except, perhaps, in regard to that in Southampton, which has been explored 
to a considerable extent and is probably the master vein. In many in
stances appearances at the surface are quite favorable; but whether the 
veins become wider, like that in Hatfield, or narrnwer as they descend, can 
be determined only by actual exploration. Of one thing, however, I think 
we may be assured, from the facts that have been stated; viz. that the cen
tral parts of Hampshire county contain extensive deposits of lead, which 
may be of great value to posterity, if not to the present generation. Prob
ably many more veins will hereafter be discovered, since little examina
tion has been made with a view to bring them to light. 

In .Blford. 

On mile north of the centre of Alford is a vein of quartz, several feet wide, traversing lime
stone, and containing galena and iron pyrites. The vein is not very well defined, and being al
so much hid by soil, I cannot speak wilh much confidence as to its actual width. The forma
tion is obviously of the same character as that containing numerous veins of galena in Columbia 
and Duchess Counties in New York. Prof. Mather states that most of these arc situated near 
the junction of limestone and slate rocks. Slate rock is near the vein in Alford. The only 
vein in New York that has been extensivel wrought, is the Li\·ingslon mine in Ancram. This 
is said to b~ highly argentiferoos, producing llS ounces of silver to the ton. ( Seconcl Report of 
the .Yew J'ork Geoloyistsfor 1837 p. 176.) I have made no trial of that from Alford to ascer
tain this point. 
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In Uxbridge. 

On land of Chi\on Tucker, in the south part of Uxbridge, galena in small quantity is found in 

quartz rock: but whether it constitutes a distinct vein, or is disseminated through the rock, I 

could not certainly determine. The quanity at the surface is small, and the appearances do not 

indicate a large deposit. The rock, which is stratified, runs N. E. and S. W. and dips 25°8. E. 

It has been blasted only a few feet in depth. This ore is highly argentH'erous, and on this account 
may deserve attention. 

In Dedham. 

lo the south part of Dedham bowlders of quartz containing galena, occur in considerable quan

tity: 100 pounds or more of the gangue have been obtained. Tbese facts I state on the authority 
of William Ellis, Esq. of Dedham who gave me specimens of the ore. But I was disappointed 
in my intention of visiting the spot, and can add nothing more. 

S. Copper. 

This valuable metal occurs in numerous places near the junction of the 
greenstone and sandstone, in the valley of the Connecticut, between New 
Haven and Vermont. Several veins of copper ore are found in Connecticut; 
near the junction of the two rocks, and two of these have been explored ex
tensively: viz. one in Cheshire, which gives much promise, and another in 
Granby. The latter has long been known under the name of Simsbury mines, 
although it is within the limits of Granby. Many years ago, before the war 
of the revolution, I believe, this vein was explored to a considerable extent. 
Afterwards the government of Connecticut made use of the abandoned shafts 
and galleries for a State Prison. Since the removal of this prison to Weth
ersfield, the exploration has been resumed, by a new company, and, as I am 
informed by the agent, with success. The principal part of the ore, according 
to Prof. Shepard, is the vitreous copper, associated, however, with green car
bonate and variegated copper. 

In Greeiifield. 

In the northeastern part of this town, on the banks of Connecticut river, 
are two veins of copper ore about a mile apart: the most northern one be
ing about one hundred rods below the mouth of a small stream, called 
Fall River, and the same distance in a direct line form the cataract in Con
necticut river, sometimes called Miller's Falls ; but lately, and more appro
priately, Turner's Falls. These veins are sevel'al feet in width, and they 
pass into a hill of greenstone on one hand, and under the river on the other 
into sandstone. The gangue is sulphate of baryta and toadstone, and the 
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ores are the green carbonate of, and pyritous copper. Actual exploration 
alone can determine whether these veins might be profitably worked. 

On the most southern of the small islands, in the middle of Turner's Falls, 
has been found a vein of pyritous copper, of a rich quality, and in consider
able quantity. Indeed, several varieties of the sandstone rocks iri the vicinity, 
appear to be considerably impregnated with copper. 

Pyritous copper is associated with iron, in a vein, in greenstone, at 1'Vo
burn ; but not, probably in a sufficient quantity, to be worth mining. At 
several places in Cumberland, R. I., where excavations were formerly made, 
are found gray oxide of copper and pyritous copper with the green and 
blue carbonates. 

4. Zinc. 

The sulphuret of this metal exists in considerable quantity in some of the veins of galena that 
have been described in Hampshire rounty. In a vein especially, a mile northeast of that in 
Southampton, which has been so extensively explored, blende appears to be the principal ore. 
This spot has been dug several feet in depth, and a good deal of rubbish thrown out along with 
good specimens of zinc. But I believe this ore was not used. 

In Norwich. 

About a mile northeast of the meeting house, near the center of Norwich, Quartus Angell has 
opened a vein of quartz containing blende in coarse decomposing granite. The specimens of 
quartz are sometimes elegant; but I noticed no other ore at this spot except the zinc. The explor
ation was several feet in width and depth; but being partially filled with rubbish, I could not ascer
tain the width of the vein. I presume it will be found to contain some galena, though I saw none. 

Cadmia. 

A deposit forms in the chimneys of the iron furnaces in Berkshire county (I noticed it particu
larly at Richmond and Van Deusenville,J several inches thick, which analysis shows to be almost 
pure zinc. This must exist in the iron ore, and be sublimed by the heat. No use, as I could 
)earn, has hitherto been made of this substance, which has received the name of cadmia. But it 
would certainly answer an excellent purpose in the manufacture of brass. 

5. .Manganese. 

In a metallic state this mineral is of no use ; and indeed, it is reduced to 
that.state with great difficulty. But in the state of oxide, it is extensively 
employed, both to remove color from glass and to impart colors; also in paint
ing porcelain and glazing pottery, and still more extensively within a few 
years, in the manufacture of the chloride of lime, now so generally used in 
bleacb.ing. 

At least two ores of manganese abound in the western part of l\Iassachu-
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setts. It has been alreadv remarked, that more or less of the gray oxide ex
ists in the iron beds of B~rkshire, and Bennington, Vt. In the vicinity of 
Connecticut river, however, or rather on the eastern slope of Hoosac moun
tain, distinct veins and beds of manganese are found. 

In Plainfield . 
.i 

Beds of the oxide of manganese occur in two places in this town, one a 
mile west of the center, and the other near the southwest corner of the town; 
and both in talcose slate. Two ores are associated at both these places, viz. 
the common gray or black oxide and the silicate; the former investing the 
latter as a black crust, and most probably proceeding from its decomposition ; 
while the latter, when newly broken, is of a delicate rose red. I suspect that 
the silicate predominates at these places ; aud from these beds, probably came 
by diluvial action, those numerous rounded masses of the same in the vicini
ty of Cummington meetinghouse; although a deep valley intervenes, and 
the distance is three or four miles. 

An attempt was made, some years ago, to explore one of these beds, under 
the impression that the ore was iron. But how extensive either of them is, 
it is difficult to determine, as each seems to consist of a number of small beds, 
or rather the ore is interlaminated with the slate. The occurrence of so 
much siliceous oxide at these localities, is very interesting to the mineralo
gist, because this ore is rare in Europe. 

In Conway. 

A distinct veil1 of the black oxide of manganese se;eral feet wide occurs 
in the southeast part of this town, the gangue being quartz. It has not been 
explored at all ; nor is the manganese ore very abundant at the surface. I 
do not doubt, however, that it may be found here in large quantities. 

6. Tin. 

I am able to say with perfect confidence that this interesting metal 
exists in Massachusetts : but can add little more. I tound only a 
single crystal of its oxide, weighing 50 grains. But this I dug my
self from a block of granite in the northwest part of Goshen, and on re
ducing it to metallic tin, it corresponds exactly in every respect with that 
metal from England. I have never been able to find any more specimens ; 
but it ought to be borne in mind, that in England, according to a geological 
writer of that country, "it is generally in the vicinity of a vein of tin ore, 
that disseminated grains of tinstone are found in the rock." 

27 
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Mohs, in his Mineralogy, mentions that some small crystals of tin were 
found in specimens sent to Europe from Chesterfield, l\Iass., and Prof. Shep
ard informs me that he has found small crystals in the green feldspar rock of 
Beverly; and also in the granite of Connecticut. 

7. Silver. 

No silver has yet been found in the state, except the small q;antity that is usuolly contained in 

Jeacl ore. Jn the galena at Southampton it occurs in the proportion of about 12 1-2 ounces to the 

ton : a quantity hardly worth the labor of separating. As already stated it exists also in the 

galena of Uxbridge. The ore from other localities I have not examined for want of time . 

.Misguided Efforts qfter Gold and Silver. 

Were the history of the wild and ill-directed efforts that have been made, 
even in Massachusetts, in search of the precious metals, to be written, it 
would furnish at least important warning to others; and therefore I shall 
state a few facts on the subject. 

The larg!! quantities of the precious metals carried to Europe from South 
America, soon after its discovery, naturally produced some expectation of 
finding similar treasures here. But I cannot learn that our forefathers ex
pended large sums in making excavations, where there was no reasonable 
prospect of finding anything valuable. It was reserved for their descend
ants to exhibit a credulity and superstitious ignorance on the subject, that are 
both lamentable and ridiculous. 

Perhaps at the present day, a belief in the mysterious virtues of the min
eral rod, is the most common of these delusions. Probably many of our in
telligent citizens can hardly credit the statement, that there are men in va
rious parts of the State, who profess not a little skill in this enchantment, 
and are not unfrequentlysent for, one or two day's journey, to decide wheth
er there be ore or springs of water in a particular place. In general, but 
not always, these professors of divination belong to the most ignorant classes 
in society; for not long since, a venerable and respectable man of good edu
cation, sincerely thought it his duty, occasionally to peregrinate with his di
vining rod, because it would work in his hands; and not a few intelligent men 
have a secret belief, that the branches of a witch hazel are attracted down
ward towards mineral substances, when in the hands of a certain individual. 

The following train of circumstances often takes place. A man, ignorant 
of mineralogy, finds upon his farm, a specimen of iron pyrites, or yellow 
mica, or galena, which he mistakes for gold or silver. Even if he shows it 
to a mineralogist, and is told that he is mistaken, he suspects that his infor
mant is deceiving him, in the hope of getting possession of the prize himself. 
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Ile resolves to begin an excavation. And he sees enough in the shining parti
cles of mica and feldspar that are thrown out, to buoy up his hopes, until his 
purse is well nigh drained. 

It was probably in some such way, that th.e excavati_ons were made in 
Worcester and Sterling, at the mines of arsenical iron and carbonate of iron; 
although, in these cases, there would he sut!icient ground for examining some 
of these ores, since they do sometimes contain silver. But I cannot con
ceive why such extensive excavations were made, when a chemist might 
have easily settled the question as to their nature, by analyzing 100 grains 
of the ore, unless it was on the erroneous supposition, which I find to be 
common, that metallic veins generally become much richer and larger, and 
even change their contents, as they descend into the earth. 

The decomposition of iron pyrites, producing heat and sometimes explo
sion, is supposed by some to be a strong indication of mineral riches in the 
earth beneath. The man of the witch hazel rod is called, and if he confirms 
the suspicion, as he usually will, the excavation is commenced; nor is it sus
pended until a heavy draft has been made upon the man's pecuniary resour
ces. An extensive excavation was made, many years ago, I am told, in Hub
bardston ; and from the character of the rock there, I suspect that pyrites 
gave the first impulse to the undertaking. In Pepperell, an individual has 
been engaged for several years, in pushing a drift into the rocks, which he 
has penetrated eight or ten rods; although individual~ who have visited the 
spot, (I have not,) can discover nothing but iron pyrites. 

In the year 1815, an individual succeeded in getting a company formed 
and incorporated with a capital of eighty thousand dollars, called the Easton 
lead and silver mining company. The fruits of their labor may be seen in 
an excavation, in red granite nearly one hundred feet deep, at present nearly 
filled with water. I could not find a particle of ore, of any kind, in the 
fragments blasted out. A final stop was put to the work, by the killing of 
two men in blasting. 

Forty years since, a shaft was sunk in Mendon, in search of the precious 
metals. A little specular oxide of iron occurs at the place. 

Not long since an individual called. upon me, with specimens of black 
blende or sulphuret of zinc, found in a neighboring town, and which he 
strongly suspected to be silver. I informed him of its true nature, and see
ing that the vision had got strong hold upon his mind, I did all in my power 
to persuade him not to engage in searching for the ore. But the only effect 
was to stimulate him to commence an exploration with more ardor. The 
zinc was found in a loose piece of rock lying in the field. The man's im
pression was, that even if that ore was of no use, it indicated something val
uable beneath. Accordingly he commenced digging. Ere long his faith 
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was strengthened, by some one's discovering a light, during the darkness, 
near the spot; and the last I heard from the man, he had penetrated the soil 
about seventy feet. 

A year or two since ail indivi<lual, apparently respectable, from the western part of Kew York, 
called upon me on his way to a neighboring town, in the sanguine expectati9n of finding there a 
vein of silver or gold. For bis ancestors had owned land there, on which they ... vere confident 
such a vein existed; becaus.e an Indian was said onr.e to have obtained pure silver from it : but 
would not reveal the spot. However, this individual in some way or other, had got, as he sup
posed, a clue to the spot; and bad performed a journey of several hundred miles, solely lo visit 
it. After a few days he returned, bringing as the fruit of his research, a little iron pyrites (fools 
gold) and silvery mica. He acknowledged that he had failed entirely in his object; but di<l not 
therefore despair of ultimate success, ·when he should have obtained more specific directions from 
those who knew theprscisespot. Probably in a few years this hopeful enterprise will be resumed. 

In very many of these mineral dramas, l find an Indian to be an important and necessary char
acter. And it is curious to notice that he always acts the same part. He is represenle<l as 
having cut out a piece of the pure lead, or sih•er, while engaged in hunting; and although ready 
to exhibit the trophy, he always refuses to point out the spot until perhaJJS on his <leath bed, or.. 
for a large reward. So many times have I heard this story told with scarcely a variation, that 
as soon as the Indian is mentioned, I always know the sequel. Now, although every tyro in min
eralogy knows that neither silver i~or lead occur in but smal1 quantity in a metallic state, and 
that no Indian is enough of a metallurgist to reduce their ores, yet it is usually useless to stale 
these facts to men who know too little of chemistry to appreciate them. In sliorl, of all the su

among men, those relating to the discovery of the precious metals, are 

The following case has been stated to me on such authority that I doubt 
not its correctness. 

Some forty or fifty years ago, a farmer, residing not far from the center of 
J\Iassachusetts, knocked off from a rock upon his farm, a piece of ore, which 
he sold i"n Boston for a considerable sum, as a rich ore of silver. From that 
time to the day of his death, he searched in vain for the rock from which it 
was broken. The inference which he drew from his ill success, was, that 
Satan, (who is thought, by multitudes, to have unlimited power over the 
mineral treasures of the earth,) had concealed or removed the precious vein. 
Conceiving, howernr, that some of his posterity might have more interest 
with that personage than himself, he reserved to them the right of digging the 
ore, in the instrument which conveyed away his title to the land. His pos
terity were not forgetful of the reservation ; but they were convinced it 
would be of no use to them, unless they could meet with some individual 
who had entered into a leag1ee, (as the phrase is with the class of people whom 
I am describing,) with his Sfltanic Majesty. At length they heard of such a 
man, a German in Pennsylvania, who had obtained possession of a wonder
ful glass, through which he could discover whatever lies hid beneath the soil. 
The German was persuaded to visit the spot, and when I passed through 



Idle Search For Gold and Silver. 209 

the p'.ace, an excavation was abou.t to be commenced under his direction. 
And I ha\"e since been bld that the work was prosecuted till the owner's 
property was well nigh expended. 

Still more ridiculous than the opinions and practices above mentioned, are 
some still existing in a few places in the State, relati»e to deposits of money, 
said lo ha\'e been made by one Kidd, a celebrated buccaneer of early times. 
Tlie slatcment·is, that he frequently ascended our streams a considerable 
distance, and buried in their banks, large sums of money. These are sup
posed to be guarded with sleepless vigilance by the per5onage mentioned be
fore. But by the use of certain incantations, while digging for the treasure, 
it may be wrested out of his hands: for instance, perfect silence must reign 
during the operation, unless it be broken by the reading of the Bible, and all 
must be done in the night. The last instance of the practice of this mummery, 
which I have heard of, occurred a few years since on one of the branches of the 
'Vestfield river. A hundred day's work were expended upon the enterprise 
before it was abandoned. At one time those employed in this work were 
greatly discouraged, by the intrusion 9f my informant, who in spite of all 
they could do by gestures, broke silence and thus dissoh·ed the charm. At 
another time, courage was revived by finding an iron pot, containing some 
bits of copper, deposited there, the day pre,·ious, by some boys, who had 
learned what was going forward. 

For the following statements lam indC'bted to Dr. Lyman B. Larkin of \Vrentham, in a lctlcr 

of June 5th 18•10. 
"Report uys, that about eighty years a!;'.o, when there was so grE>at a gold digging epidf'mic in 

11carly all the State of Massachusetts, the people of \\"rentham were insome mysterious 

manner informed that thousands and thousands of the precious metals lay buried benf'ath 

their soil. 
"The place over which hung the greatest mystery, was on a hill in the southwest part of the 

town, within ~ight of the road from Doston to Providrncc, about four miles from \Yrenthamccntcr. 

"Itsl'ems that for several months previous to the time referred to, many dark stories had been 

circulated in regard to the place, such as strange noises heard, lights distinctly seen several nights 

&c. &c : also that some one, haJ found a wedge of gold : though what had become of it no one could 

tell : but at this time, when every mind was prepared to believe almost anything, and especially 

that which was most absurd, and when all eyes \\'ere turned to the place as being a great 

storehouse of treasure, one dark and lowery night, a report, like the discharge of a mu:skct, was 

heard across the swamp from the ProviJence RoaJ, upon the side of the mineral hill, which ar 

rested the attention of some one Crom the road, and on turning his eyes that way, he saw a light 

in a certain spot, which was at once pronounced to be the p1ace where the treasure was to be 

found. The neighborhood was soon rallied, in search of the place. As I am told, no one bad 

courage to stay behind. The light continuing to shine, directed them to the very spot where 

they wi!>-hccl to go: but just before they reached it, the light grew more and more dim and finally 

,·anished. But what was mo.st mysterious was, that, though it was quite soft and muddy about 

the place, there were no tracks. This was sufficient, as all agreed, to show that his Satanic 

Majesty was there in person, inspecting his mineralogical Depository; and it was agreed on the 
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spot to form a company and commence digging. They sunk a shaft to the depth of between 70 
and SO feet, the greater part of which was in a solid rock: and found nothing except a few frag

ments of a cubical form, resembling golJ in appearance, which would burn o.n being placed in 

hot coals. Iron pyrites is now found in the same rock, where they are digging for coal. 
"After spending an immense sum, all gave up their operations for the want of funds, save the 

owner of the farm, who being more and more confident from day to day that a great treasure was 

there, continued to excavate till he had run out his farm and was obliged to sell. He, like 

the Alchemists, had millions almost in his possession: yet was compelled ~o sell all he haU, to 

buy a little bread to keep himself and family from starving. 
"The farm was sold to Mr. Abijah White, whose son lives upon it now: and in deeding away 

the place, Mr. Wellman, reserved the privilege, for his posterity, al any time when they should 

become able, lo dig for gold or silv'er any where upon the place. And within the last four years, 

one of the grandchildren, Joseph Wellman, came to Mr. Howard Mann, to let himself by the 

month to dig for gold, promising that Mr. Mann should have a certain part of all that was found. 

About that time I visited the spot, at Mr. Mann's request, and the conclusion to which we came 

was, that it was a coal region, and that it might be an object to dig for coal. Mr. Mann then 

!lJade an agreement with Wellman to dig by the month; but just as he was about to commence, 

he was taken sick and has done nothing about it since. But I presume he would not sell his 

right to dig on that farm for half its value. 
"The other case of which I gave you an account, was in Dedham, on a farm owned by Mr. 

Rhodes. In this case they w ~re after Capt. Kidd's money. It seems that in some way or other 

it was ascertained that there was a large amount of his money there, and a company was form

ed to dig for it, who sent acommiltee to make a bargain with Mr. Rhodes the owner of the land 

for the right to do it. 
''Their instructions were to make an agreement, cost what it might They at length proposed to 

fill Mr. R's grist-mill trough with dollars, (the trough was rerorted to hold four or five bushels,) 
for his proportion. Mr. R. declined taking it, preferring rather to have his share of what they 

found. Upon this they continued to dig in various places on the farm for several months, until 

thP. whole Company had spent their property, when they finally gave up the search; and Mr. R. 

from a comfortable farmer miller, became a poor man. 

"This account I had from Mr. Eliphalet Rhodes, a grandson of the owner of the place: and 
he states these facts to have occurred upwards of 75 years ago. 

" At this enlightened age, one would suppose that such ridiculous notions would be given up : 

but within the last four months, a young man belonging to this town, has secretly commenced 

digging for the precious mineral. He succeeded in finding the largest quartz crystals which I 

have ever seen. One of them, I should judge, would measure about 12 inches in circumference. 

When I stated to him that they were of little pecuniary value, and yet manifested a desire to ob

tain one of them, his suspicions were excited that I was deceiving him, and that they were (lm

inousof golden treasures at the place. I tried to persuade him to relinquish his design. But 

this only made him more confident of success, and if l am correctly informed, he went directly 

to Boston for disinterested advice. He has not however resumed the exploration since his return.,, 

I have given these rather mortifying details, partly because I doubt wheth
er one tenth of our population are aware of the existence of such opinions 
and practices among us; and partly in the hope that the exposition may be 
instrumental in entirely eradicating them from the minds of those who have 
been thus deluded. For, like night fogs, they need only to be brought into 
the light of day to be dissipated. 
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5. SUBSTANCES USEFUL FOR VARIOUS PURPOSES. 

A variety of mineral substances, too miscellaneous in their characters aud application to be 
very systematically arranged, will be described under this general title. 

l. Materials for Roads. 

A good roadstone should be both hard and tough. Hence a large portion of the state is desti
tutP of such material: for these two qualities are rarely combined in granite, gneiss, mica 
slate, limestone, or common sandstone. Sienite, which contains a good deal of hornblende, ia 
bettl!r: porphyry, and especially compact feldsdar, is very good: as is also that hard quartzose slate 
which is associated with graywacke. This last is a good deal employed upon the roads around 
Boston; but must be limited to that vicinity, since it does not occur in other parts of the state, 
not even in the extensive deposit of graywacke in Bristol and Norfolk Counties. Upon the 
whole, probably greenstone is the best material for roads in the stale; especially v. hen we 
consider that it is very widely diffused. Around Boston, and in Essex county, as well as in some 
parts of Norfolk, it is common: and it is scattered more or less over a large part of \.Vorcester 
county, in bowlders proceeding from numerous limited deposits: though this rock is usually con
founded with fragments of dark colored gneiss; especially when the two rocks are coated with 
lichens. In the valley of Connecticut river, a range of greenstone, admirably adapted for aroad
stone, extends nearly across the whole state. In Berkshire county, several varieties of quartz 
rock will probably serve as a good substitute for greenstone; though I am not aware that hither· 
to any of the roads there have been dressed with this material, except as nature has dressed them, 
in the form of pebbles :-a kind of dressing with which the traveller would very gladly dispense. 
The same is true it. most other parts of the state: that is, the roads have not been coated with 
rocks pounded into fragments. But as more cost and labor are devoted to the roads, this will un
doubtedly be done; and it is desirable to know where are the best materials. 

Jn the bed and on the banks of the Merrimac, from Chelmsford to Newbury, is a hard slate 
approaching quartz rock, which I apprehend will answer nearly as well for a road stone as the 
slate around Boston associated with the graywacke. 

At present, in the interior of the state, roads are usually improved by spreading over them 
some material already in a finely divided state, which shall form a harder basis, when trodden 
down, than the soil through which the road passes. The material must of course vary with 
the nature of the road. Clayey roads, for example, are very much improved by a coating of fine 
grav~l; and sandy roads, by a coating of clay. In the vicinity of Connecticut river, the decom
position of the red slaty sandstone, and especially the calcareous diluvium, in Springfield and 
West Springfield, form an excellent covering for roads that are too s:mdy. The iron and calcare
ous matter cause the argillaceous matter to become hard, especially in the summer, and the track 
is often made as smooth as a rail road. Could such a material be discovered in the southeastern 
part of tbe state, it would be a great acquisition there for improving the roads, which are so 
sandy Especially would it be desirable that the principal road from Plymouth to Barnstable 
now the most tedious in the state, should be thus improved. Might not clay enough be found at 
the cliff forming the north end of l\Ianomet Hill, for at least a part of the work? 

2. Firestone. 

\Vhenever it is desireable to construct a furnace for smelting metals, burning limestone, and the 
like, it becomes an important enquiry whtther a rock can be found in the vicinity that will bear 
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powerful and long continued heal. Such rocks are called firestones: and I have sought anxiously 
to find t-hem in Massachusetts ; not I trust without some success. But in respect to some of the 
localities, as they have not hitberto been known, no trial of importance has been made of the 
power of the stones which they produce to resist heat. l infer them to be firestones from their 
external characters-that is, their resemblance to real firestones 

• A good firestone req'uires a union of qualities ·which is not very common. To ans·wcr well 
for a furnace, a rock must not only be infusible, but not liable to crack and ex foliate. Hence the 
presence of lime ancl magnesia, except as silicates, is unfavorable ; 
fusion well, it is liable to crack. On the other hand, some stones contain so much potassa,or 
other easily fusible mineral, lhat"they are converted into glass. The rock that has been most ex
tensively used in the furnaces of Berkshire, and with most success, is a finely granular quartz, 
in which a small quantity of mica exists in layers. Its coherence is ralher feeble. It is found 
in great quantities in the towns of Washington and Tyringham. (No. 2010.) 

The talcose slale of the Tacouic range of mountains has sometimes been employed for the 
lining of furnaces: as at Van Deusenville; and it will probably answer a good purpose. Some 
varieties of gneiss, that abound in arenaceous quartz, as at Soulhbridge, are used where strong 
heat is to be withstood. The micaceous sandstones are alfl.o employed for the same purpose; an<l 
the red sandstone in the vicinity of Connecticut river appears to be a very good firestone: as has 
been shown at the lime kiln in Whately. 

A beautiful variety of mica slate, in which the layers of quartz and mica are 
of extreme thinness, occurs in Stafford in Connecticut: and enjoys a higher 
reputation than any rock in New England as a fire stone. I have lately suc
ceeded in detecting this range of slate across the whole of Massachusetts ; 
and have felt authorized in representing it on the map as continuous; although 
I have found it in place only at intervals. With the exception of some loose 
fragments in the west part of Monson, the first point where it appears in 
place, is on the north shore of Chicopee river, in Palmer, near the rail road, 
and about 100 rods east of Sedgwick's tavern. The road from \Vorcester to 
Springfield, passes close by a ledge on its south side, "-hich there forms a 
hill -200 feet high. The greater part of this rock is probably too quartzose 
for firestone: but I doubt not that some of it in the hill would answer well. 
About three or four miles farther north than this spot, and a mile west of 
Palmer center, this slate shows itself: but there it is the common mica slate. 
The next point in proceeding northerly, where -WC meet with this range, is in 
Enfield. The high hill a little southwest of the village is composed of it. 
Ou its west side, whence stones have been obtained for building one or two 
factories, the rock is made up mostly of a dark gray arenaceous quartz, with 
mica sparingly interspersed. (No. 2078.) Some of this rock would proba
bly staud fire \mil. But upon the top of the hill, extensive ledges appear, 
of a mic!a slate very much resembling the firestone from Stafford. (Compare 
No. 818 with Nos.2071, 2072, 2073.) It is my belief that excellent firestone 
may be found in this hill: although some of the rock contains rather too much 
quartz. But the deposit is very extensiYe; reaching two miles at least south 
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ol the village. It certainly deserves a fair trial, which it has never had. Nor 
can it be supposed that I should be able to find, in an examination of an 
hour or two, where only now and then a le<lge appears, the specimens best 
adapted to the purpose of firestone. 

The next spot north of Enfiel<l, where I have found this range of slate, is 
in the east, and especially the northeast part of\Vendell. But I have not care
fully examined the intervening distance. In Wendell I saw none but the 
dark rnriety of the slate, some of which, however, is very arenaceous. But 
alter passing Miller's river, in the direction of Warwick, the white variety 
appears in great quantity: and continues at least as far as the middle of 
'Varwick, beyond which point I have not attempted to trace it. At "Var
wick the range passes about 100 rods cast of the centre of the place, and 
may be traced easily all the way from thence to Orange. Upon the whole, 
I cannot doubt that this range will furnish, at no distant period, an abund
ance of excellent fire stone. But numerous trials will be necessary to ascer
tain the best varieties. I cannot hope to do more than to call the attention of 
those concerned to the localities. 

There is one other locality of firestone in Massachu:oetts, viz. in Bellingham, which will be 
more particularly described in the next section. 

S. Whetstones and Grindstones. 

The whelstones that have been dug in Massachusetts have all been obtained from an arena
ceous variety of mica slatl': : at least, all the quarries that have fallen under my notice were in rock 
of that character. Such is the rock in the northwest part of Norwich, where formerly a good 
n1any whetstones were manufactured. From the fire8tone deposit in Enfield, already described, 
a considerable amount of these stones bave been for?.. long time annually wrtlught. Smithfield, 
in Rhode Island, has long been well known for producing whetstones: and they are obtained from 
a rock which I formerly mistook for talcose slate; but I am now satisfied that it is a delicate mica 
slate. The stratum of rock which produces them, extends northerly into Bellingham in Massa
chusetts; and in the northeast part of that town, on the farm of David Adams, it is so well de
,.c\oped, that it has been extensively quarried for whetstones. These are not considered equal 
to those from Smithfield; yet they answer well for sharpening shoe knives ; and in 1838, not 
less than 22 800 were got out. The scales of mica in this rock, (Nos. 2104 to 2110,) are so fine 
as scarcely to be visible without a glass, and the rock might be mistaken for argillaceous slate. 
In Rhode Island it has been employed as a lining for furnaces; and that in Bellingham will un
douhtedly answer well for the same purpose. 

The only rock in the state which w ill answer much purpose for grindstones 1 is the sandstone 
in the valley of Connecticut river . As yet however, it has scarcely been applied to this purpose; 
though I have sometimes seen a rather coarse red variety, such as is got out at Hoyt's quarry in 
Deerfield, used in th is manner. If not too liable to disintPgration, I should suppose the red stone, 
composed entirely of grains of siliceous sand, quarried in Longmeadow, would answer well, 
where it is desirable to wear steel away rap idly. 1 shall mention only two localities where I sus
pect a good light gray stone for this use may be found. One is in the north part of South Hadley, 
near the Artesian Well, (at Hale's Mill) and the other on the north bank of Agawam river, a little 

28 ' 
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west of the village of West Springfie1d: (No. 171.) These rocks a good dral resemble the grind
stones brought from Nova Scotia: yet where they have been long exposed to the weather, they 
are harder than the Nova Scotia rocks. But it ought to be recollected, that rocks are usually 
much harder at the surface than a little distance beneath it. 

4. Flagstones. 

Three things are important to form good flagstones : first that the rock should split into thin 
layers: secondly, that these Jaye.rs should be even and smooth without hammering: and thirdly 
that its texture should be close, so as to resist atmospheric influences. Hence, first rate flag
stones are not common. 1n Massachusetts quarries of this kind have been seldom sought af
ter: as the demand has not been great in those parts of the state where they are most likely to 
be found. I shall mention only a few quarries that have been opened, and a few spots where I 
suspect they might be opened with advantage. 

The most perfect flagstone that I have seen in the state is a variety of quartz rock in Berk
shire County. Its principal quarry is in Washington, five miles southeast of Pittsfield. Large 
slabs can be split out, whose surface is perfectly even, and as smooth as if wrought with the ut
most care. This rock occurs also in Tyringham, Lee, and other places. 

The mica slate and talcose slate of the mountainous region lying west of Connecticut river, 
might furnish a large amount of excellent flagstones : as is evident from the numerous fine slabs 
which the traveller sees, forming the doorstones, and hearths of the farmer's houses in that region. 
Some quarries have been opened, as in the west part of Goshen, where the stone is fine enough to 
be employed without hammering forhea1th stones. The mica slate, talcose slate, and hornblende 
slate, along the Western Rail Road, in the west part of Chester and Middlefield, appear to me to 
promise fine flagstones, if e.xplored. But hitherto they have been neglected ; as they have been 
indeed, over the whole extent of these formations, on account of the distance of a market. Wheth
er the rail road will open a market for this article, I am incompetent to decide. 

Another point on this rail road, but east of Springfield, where it seems to me good flagstones 
might be procured, is in the south part of Palmer, at the locality already described in speaking of 
firestone, 100 rods east of Sedgwick's tavern. The rock in that hill appears as if it would 
split with great facility into thin and even layers. And I should not be surprised, if some one 
should find a quarry there a valuable speculation. 

The sandstone of the valley of the Connecticut furnishes some good flagstones. Three miles 
above Turner'sFaHs in Gill, at aspot called the Horse Race, very large slabs ofagraymicaceous 
sandstone, have been got out, that would answer admiiably well. At a quarry, already de
scribed, in the southwest part of Montague, near the banks of the Connecticut, the red micaceous 
sandstone often forms a beautiful flagstone ; and probably vast quantities could there be obtained. 
Another quarry on the west banK of the same river, whence a considerable quantity of flags are 
obtained, and carried to Northampton, is in the southeast part of that town, on the east side of 
Mount Tom. The quantity easily accessible here is immense: but the quality is not very good. 
And it is a curious fact, that many of the surfaces are almost ruined by the tracks of large ani
mals: as may be seen on much of the flagging in Northampton. This will probably seem fabu
lous to those who have never seen this phenomenon : but it is most assuredly sober fact. 

5. Fluxes. 

It is well known that in order successfully to reduce most ores, it is necessary to mix with 
them other substances, that melt more easily than the ore: and these are called a flux. Besides 
common clay, I scar~ely know of any flux in Massachusetts, that need be noticed; except that 
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Ycry valuable one, limt"stone. And I mention that here, merely to refer to one circumslo.nce of 
considerable importance, that is undoubtedly now overlooked in this state. Limestone contain
ing a large proportion of magnesia, is far less fit for this purpose than that which is a pure car
hc.rnate of lime. But since no effort has hitherto been made to distinguish between these two 
kinds of stone, the proprietors of furnaces probably use them indiscrimately. The circumst:rnce 
is certainly deserving of their attt-ntion, since they can without difficulty obtain in Berkshire 
n Oux of the best kind. 

6. Clay in the Manufacture of .//./um, F'ire Bricks, e;-c. and as a Substitute 
for Puller's Earth. 

The white clay of Martha's Vineyard, described on a preceeding page, has been somewhat ex
tensively employed on the continent, in the manufacture of alum-of ·which alumina forms the 
basis; and for fire bricks, pipes, &c. And since that is the only deposit of this kind of clay 
known in New England, it can hardly be doubted but the demand for it will increase. 

ln my former Reports I mentioned the fact, that the common clay of the Ccnnecticul valley 
had been used as a substitute for Fuller's Earth. But 1 was not till recently aware ho'" ex.
tensively this substitution had been made. 1 am told by the Agent of the Woolen Factory 
in Northampton, that this sub&titution is made very extensively in this state and in Connecticut, 
and that the clay is considered even better than the Fuller's Earth for cleansing the dye-stuff 
from cloth. That in Northampton has been considered as rather better than in other places: and 
hence it is transported often quite a distance. 1t is also used in private families for extracting 
grease and oil from cloth. It is first made into a paste, and then applied and suffered to dry. Jt 
doubtless operates by its great absorbing power. When applied to the tongue it adheres very 
firmly. No. 2502 is a specimen from Northampton. 

J learn that the clay in the north part of 'Vorcester County is employed in the same manner: 
and I doubt not but the variety proper for this use may be found in many parts 0£ the state; al
though that in the valley of the Connecticut appears to be rather better than any that I have 
met with elsewhere. Fuller's earth, which is brought from England, sells, I am told, for $10 
per ton The clay can cost nothing but the transportation. 

8. Moulding Sand. 

To say nothing of brass, no less than 76 furnaces are in operation in Massachusetts for casting 
iron; and these in 1~36-7 produced articles to the value of $1,205,840. Yet most of the sand 
for making the moulds to these articles, is obtained out of New England. It hence becomes an 
object of importance to discover such sand in the state. But the late period at which my atten
tion was called to the subject, has prevented me from that thorough prosecution of it which 
would be desirable. And further, I find that sand of so many sorts is employed for this purpose, 
that J hardly know what is essential in it. It should obviously be quite infusible ; and there
fore must not cpntain much common clay; which fuses too easily on account of the oxide of 
iron in it. Yet silica alone will not answer, because it bas not adhesiveness enough to form and 
preserve the mould. The white clays that are destitute of iron, when mixed with sand, form a 
good article for casting bells and cannon. (No. 212 b from New Jersey.)Hence I suspect there is a 
substance at Gay Head (No. 2llb.) composed of white clay and sand, and which may be ob
tained there in great quantity, that would answer. This substance is quite heavy; which is o.n
other circumstance of importance: and no gas will be produced from it when healed; an occur
rence that would ruin the castings. I am informed by A. A. Hayes Esq. of Roxbury, that the 
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substance which I have described under the name of m1u!.: sand1 and which is often callcJ quick

sand, is employed by the brass founders in that place; and that it makes a sharp impression. 

The same substance is employed in Carver, as I am informed by John SaYery l~sq. for parting 

the moulds of castings and for the case of tea kettle spouts. Capt. Lemuel Drake of Ea.ston, 

who has charge of extensive castings in iron, informs me, that he has obtained moulding sand, 

though not of the best quality, in Bridgwater, Medfield, Easton, and Foxborough. No. 16Ci is 

a specimen from the last named place; and No. 167 is from Montagu~: which I have placed in 

the collection, because it bears a resemblance to good moulding sand; although it has not been 

thoroughly tried. It occurs on the farm of Noah Goss, near the bridge over Connecticut river. 

No. J 68 is from the locality of blende and white clay in Norwich, already described; and 

may perhaps answer for moulding sand, as it contains no iron. The moulding sand used at the 

iron furnaces in Berkshire, is usually brought from Albany. It is said that a similar sand occurs 

in the north part of Lenox; and they bring from Lenox Mountain, decomposed mica slate to 

form the floor on which the melted iron is suffered to run out. I should think it strange if the 

decomposition of the talcose rocks on the Taconic mountain range, should not furnish some good 

material for moulding. In the valley of Connecticut river, also, l presume that the decomposition 

of the red sandstone must produce some fine saud of this description. Indeed, a fine red sand of 

this sort, is obtained from some town in Connecticut in that valley, which answers extremely 

well for castings in brass. (No. 215 b.) A large part of the moulding sand used for fron cast

ings in this statf', is brought from the vicinity of Albany. (No. 213 b.) I suspect that a similar 

articl~ may b~found in connection with the red and yellow ochres in the west part of New Marl

borough, of which Nos 164 band J65b present specimens. I would also suggest, that the pe

culiar reddish soil, which results from the decomposition of a reddish limestone in Stockbridge, 

and at the Tunnel in Saddle Mountain, will probably answer for moulding sand, when it is desti

tute of carbonate of lime (No. 192b). I should think this variety might be found near the up

per part of the Tunnel above mentioned. 

9. Ochres and Stone Paints. 

Jt is well known that the oxide of iron, mixed with clay or soil, forms the paints called och

re. Although very many places in our soils have an ochery appearance, yet I have not till 

recently met with any deposits in Massachusetts that appear to me to promise much for paints. 

Those, of which specimens will now be found in tbe State collection, seem to me worthy 

the attention of those who prepare colors. 
The deposit which promises for more than any other that 1 have seen, accidentally arrested 

my attention, as l was passing the farm of Josiah Sheldon in the west part of New Marlborough. 

1 n several places over a bill embracing a number of acres, he has made excavations a few feet 

deep, and found an abundance of yellow and light red ochres, (.see Nos. 164b, 165b,) which proba

bly might yield some of the best of this sort of paint.s. And besides, it seems very probable, that 

there will be found in this field, a rich bed of the hydrate of iron, ore the hematitic iron ore, so 
abundant in other parts of Berkshire county. 

No. 163 b was obtained from what is called the Jewett farm, in the north part of Rowley, on the 

road lo Newbury. lt occurs in a low spot of ground, and has been formerly used for painting a 

house. The specimen is of a coarser texture than those from New :Marlborough : but the form

er excavation was nearly filled up, and I had no time to have it re-opened; so that, perhaps, this 
specimen <loes not exhibit a fair sample of this locality. 

No. 161 b was sent me from Athol, by Alden Spooner, Esq., who says th~titoccurs in the north 

part of tbe town, and also in Templeton; but he gi,•es no farther particulars. 
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No. 162 bis from lfonroe, for which I am indebted to Marlin Ballou Esq. Ile informs me 

that it was formerly dug to some extent and prepared for paint; but not being in much demand, 

the work was abandoned. It certainly appears as if it might be valuable. 

No. 216 b is from Bedford: but I am not informe<l as to its extent. 

At one of the beds of ircn ore in Richmond in the eastern part of the town, a large quantity 

of yellow ochre has been thrown out; and I doubt not but it might be employed for paint. In 

Williamstown also, as already described, a bed of it was formerly dug and the article used. No. 

217 his from Harwich; where it occurs beneath peat, several inches thick. A reddish ochre 

hi found in Boylston, mixed with clay. • · 
The peculiar fossil paint called apolhemite, lately found in Newbuiy, has already been described, 

when treating of the subject of soils. Jt has also been mentioned, that the phosphate of iron 

found in Hopkinton, near the mineral spring, has been used as a blue paint. 

Jn Hatfield, is an immense quantity of the sulphate of baryta of 1 superior quality. Within a 

few years, a patent has been tak.en out in England, for the use of this substance as a paint, to be 
employed in those situations where lead paint is liable to be acted upon by moisture, acids, and 

other chemical agents. In such cases this barytic paint is excellent. I have been in the habit, 

for se\•eral years, of having various articles in the laboratory, such as the pneumatic cistern, gaz
ometers, &c. covered with it; and it answers a good purpose, although I have prepared it not ac

cording to the )7.ltent, but simply by grinding it in a plaster mill and mixing it with oil. The 

greatest defect in this paint, seems to be, that it has less body than lead, ahhough I doubt not 

that a remedy may be found for this difficulty. When the baryta is thoroughly pulverized, and 

mixed with boiled linseed oil and lampblack, it is superior to any thing I have ever seen, for la

beling glass bottles, &c., in a laboratory, and indeed for any situation exposed to acti"e chcm.ical 

agents. 
In this case, however, I have usuall) deeomposed the sulphate of baryta in order to purify it, 

converting it first into a carbonate, and then back again into a sulphate. In whiteness it then 

equals the best white lead. 
This mineral occurs at Southampton lead mine ; also in Leverett with galena; and with copper 

ore in Greenfield: and in quantity sufficient to furnish a good deal of paint. But ~he Hatfield 

locality is by far the most abundant. Nor can I believe that a substance capable of such useful 

application, will be much longer neile~ted. 
Other rocks, also, which have of late been used as lithic paints, abound in this state. Soap

stone, of which we have such inexhaustable quantities, is considered best for this purpose, an<l 

serpentine is also employed. These are ground with whale oil ; and in Connecticut, where they 

have been manufactured, they ate sold for five dollars per hundred pounds. They answer a good 

purpose as a basis for common paints, especially for the roofs of houses. I should preswne that 

the newly discovered serpentine in Lynnfield is very well adapted for this object, being unusually 
soft and free from foreign minerals. 

10 . .11.renaceous and Granular Quartz. 

From some unknown cause, the granular quartz in Cheshire, Berkshire county, is so much 

disintegrated, that it easily crumbles into a beautiful white sand. This forms a good material for 

glass, and has been employed for this purpose a number of years; formerly in Cheshire and w ·ar

wick, Mass., and in Utica, N . Y.; and at present 10 Keene, N. H. It answers well for crown 

and cylinder glass. The quantity is inexhaustable. It is sold al the road, one mile from the bed, 
at 61-4 cents per bushel. The sand is employed extensively in Berkshire in the process of saw
ing marble. 
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] am inclined to believe that some of the sand associated with the tertiary and <liluvial fonna
tions in the State, particularly in the gneiss region, is pure enough to be employed in the manu
facturf> of coarse kinds of glass: such for instance as is found in Pelham and Leomimster. The 
purest and coarsest variety, however, that J have met with, forms the shores of Lock':; Pond, in 
the northwest part of Shutesbury. This sand has been recently employed with success as a sub
stitute for small, upon doors exposed to depredations from penknives and pencils. 

A very beautiful sand (No. 21 b.) occurs at Squam, in Gloucester, of which great quantities 
are transported to Boston. Some of the sand on Cape Cod also is pure enough for the manufac
ture of glass. 

Jn Berkshire a good deal of sand is used in the sawing of marble: and the arenaceous quartz 
furnishes an excellent material for this purpose. Jn some parts of the county, however1 the trans
portation of good sand is expensive. Now as bowlders of granular quartz occur in almost every 
town~ J would suggest that these be burnt in a lime kiln, until, thoroughly ignited, and then let 
cold water be thrown upon the pieces; which will dispose them to fall into fine sand. 1t may be 
necessary to use a hammer: but even in this case it might be often less expensive than to trans
port the sand from a great distance. 

11. .Mat&rials for Mill> tones. 

Jn the same hill that furnishes the flagstones and fire stones in 'Vashington, a few miles from 
Pittsfield, there is found a singular porous quartz, considerably resembling buhrstone, which is 
employed for millstones. These are prepared near the ledge and sold for 70 or 80 doJlars each. 
I am told that they answer well, especially for the coarser kinds of grain. They are doubtless 
inferior to the real buhrstone; because they are less tough. The quantity is inexhaustible. This 
rock, to my surprise, I find to be derived from gneiss, by the decomposition of the feldspar. 
But this change will be more particularly described in the scientific account of rocks that will be 
subsequently given. • 

Sometimrs our citizens employ the finer and more compact varieties of granite for millstones. 
I have seen even a coarse conglomerate, or pudclingstone, used for this purpose. And while upon 
this subject, I cannot but express my surprise that no attempt has been made to employ our green
stone, and other hornblende rocks, for millstones. In Great Britain, basalt has been, within a 
few years, used for this purpose, and found even superior to the French buhrstone; and our green
stone is only a variety of the same rock: indeed, some of our greenstone cannot be distinguished, 
by the eye, from the European basalt. It is generally extremely compact and tough; and al
though its preparation might require a little more labor than the buhrstone, yet it would doubtless 
last enough longer amply to pay for the additional labor. In the vicinity of Boston and in the 
Connecticut '·alley, as may be seen on the Map, greenstone exists in great quantities. It also 
occurs in small beds throughout the whole extent of the gneiss region in Worcester county; and 
of a kind, which would answer the purpose even better than that of the extensive ranges above 
mentioned. 

22. Polishing .Materials. 

No real emery has yet been found in Massachusetts. But in North Brookfield, a rock com
posed chiefly of garnet, has been used as a substitute; as it is in Saxony and Bohemia. It is 
said to answer well, and is often called red emery. (No. 1079.) 

I would suggest that probably a useful polishing powder might be prepared from the garnets 
that are so abundant a little distance south of the center of Warwick. (Nos. 2133. 2134. 
2135.) 
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At Paine's quarry of limestone in West Springfield, I found a mineral which subsequent ex
amination has convinced me is genuine tripoli or rotten stone: and it appears to be of a good 
quality. It occurs too in large quantities, and under circumstances similar to those in which it 
has been found in other parts of the world. l mean that it is associated with fetid limestone i 
being in fact that rock partially decomposed, and still emiting a strong fetid odor when struck. 
I hope that some mechanic, who has occasion to use this article, will thoroughly test that from 
Springfield, as I know of no other locality of any importance in the country. It does occur, how
ever, at South Hadley falls on the West Springfield shore. But the quantity is small, and it is 
not there associated with limestone, but appears to be an altered shale. (Nos. 217 to 221.) 

The fine siliceous matter that is sometimes mechanically deposited in the bottom of ponds, is 
frequently employed for scouring metals, where great delicacy is not required. The hydrate of 
silica, especially that most remarkable product of animalculre, which has been described in its 
agricultural connection, forms an excellent polishing powder: as we might expect from the extreme 
fineness to which the silica must be reduced to form their skeletons. 

IS. .Ilium Rock. 

It is well known that alum is often formed in rocks by their spontaneous decomposition, which 
may be aided by artificial means, and thus large quantities be obtained : for alum being soluble in 
water, is easily separated from the mass by lixiviation. Any rock that contains sulphuret of 
iron, potassa, and alumina, may produce it. I have fo•Jnd it in considerable quantity upon the 
gneiss of Leominster, Barre, and Ware. (Nos. 1080. 1081.) lt occurs also upon mica slate in 
the northwest part of Conway. In all these cases it is found effloresciog upon the slate, and the 
rock in Conway resembles that which in England is called alum slate ; that is, a variety of mica 
slate, which is passing into clay slate: so that if upon hial this rock be found to furnish a large 
quantity, the alum might profitably be manufactured. The same may be said of some localities 
in Berkshire County; as in Sheffield, where- it is said that pounds of alum can be collected in a 
nearly pure state ... As to the alum upon gneiss, it is found in delicate plumose masses upon that 
schistose variety of this rock which approximates to mica slate. 

There is mixed with this alum more or less of sulphate of iron, and both 
minerals proceed from the decomposition of iron pyrites, and probably feldspar. 
This last mineral contains, as is well known, a considerable quantity ofpotassa; 
and I can imagine no other source from whence this essential ingredient of 
alum should be obtained. Nor will anyone doubt, wh(} has seen how thorough 
is often the decomposition of the gneiss that contains pyrites, that this potassa 
might be separated. I am not aware that alum has been heretofore found in 
gneiss; but since this rock does contain so much potassa, and if it can be 
thus separated from the feldspar, why may not our gneiss prove a very pro
lific &ource of alum~ I do uot know that any special efforts have been made 
to ascertain whether it can be procured in much quantity from the rock in 
Leominster: but recently I have received a specimen from Barre, and it 
occurs :.!so in Ware. And I can have no doubt that any part of the gneiss 
range, where pyrites is decomposing, will produce it. It may be hoped that 
a fair trial will erelong be made to obtain this substance. It would be pre
mature in this place, to make suggestions as to the best mode of proceeding. 
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Suffice it to say, that no effort should be made on a large scale, without con
sulting some practical chemist. 

14. Graphite, Plumbago, or Black Lead. 

This substance has the color of lead, leaves a trace like that metal upon 
paper, and bears the common name, black lead; but it contains no lead. It 
is composed of above 90 per centum of carbon, and the rest is iron and earthy 
matter.' Hence it differs but little from some varieties of anthracite. It 
seems indeed to be the form in which carbon occurs in the oldest of the rocks. 
In Massachusetts it exists in gneiss, at the most important locality, which is 
in Sturbridge. It there occurs in a bed, varying in width from an inch to 
about two feet, and traceable along the surface, nearly one hundred rods. A 
number of years ago this bed was opened ; and several tons of the graphite 
obtained. It was then abandoned; but within a few years the exploration 
has been recommenced, and already more than a hundred tons have been 
obtained. In some places the excavation is GO or 70 feet deep. The quality 
of the graphite is excellent, and 1rnukl not suffer by comparison with almost 
any in the world. (Nos. 1073 to 1075.) To what extent it may be obtained, 
it is not possible at present to determine. The fact, that the bed descends, 
almost perpe!!dicularly, into the earth, is rather unfavorable to the miner. 
Yet, as it is found upon elevated ground, the mine can be conveniently 
drained by lateral cuts or adits to a considerable depth : and probably the 
exploration may be profitably continued for a long time with little machinery. 

The plumbago mine abo1·e described is owned by Mr. Tudor of Boston, 
and yields am:ually about SO tons of this mineral. It would not be strange 
if a drift across the strata at that place, should bring to light other beds; as 
they frequently occur near together with a few feet or yards of intervening 
rock; and as this· is a valuable mineral, such an exploration might be desira
ble. A few miles east of this spot, on land of a l\Ir. Morse, quite an excava
tion has been made in the gneiss in pursuit of graphite: And indeed, a thin 
bed of it, not more than an inch or two thick, exists there: But there is a 
also a good deal of mica slate in thin layers, which much resembles 
graphite, because glazed by it; and I presume this has been mistaken for it. 
Such rock is quite common in the mica slate region west of Connecticut river; 
and indeed, real graphite occurs there; as in Cummington, Chester, "Worth
ington, &c. I am told also, that it exists in beds of considerable thickness in 
the mica slate of Halifax, in Vermont ; a little beyond the Massachusetts 
line. From the specimens sent me by Dr. James Deane, I should think this 
localit~ deserving the attention of tho~e who would like to engage in mining 
operations. Plumbago also occurs m North Brookfield, Brimfield, New 
Marlborough, and Hinsdale. 
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I have already intimated that a good deal of plumbago is mixed with the 
anthracite of W orccster. In the south part of l\Iillbury is a mill, at which 
large quantities of this semi-plumbago is ground. It is put into casks and 
sold in New York; but I could not learn certainly to what use it is applied. 

15. Glazing/or Porcelain. 

The articles of pottery and porcelain made from white clay need to be covered with a glaze or 
some other substance: that is, with an enamel, or glass: for the clay in its pure state does not 
melt in common furnaces. Now feldspar and albite, whose composition is very much alike, ex
cept that the latter contains soda and the former potassa, on account of the alkalies in their com
position, may be melted in a strong heat; and hence they are employed for the most delicate 
kinds of glazing. Common glazing, which consists of powdered gun Hints, litharge and table 
salt, is so soft as sooo to yield to the mechanical and chemical agents to which the articles are 
exposed; and it would be very desirable that feldspar might be employed in all cases, though, as 
the process for its prepara.tioo is al present cont.lucted, it would be more expensive. 

] know of no attempt to employ any of the feldspar of Massachusetts for glazing; and yet 
we possess io our granites, sienites, and gneiss, inexhaustable quantities; and much, no doubt, 
pure enough for this purpose. Can tht.!rC be any doubt, for instance, that the adularia of 
Brimfield, Southbridge, &c. would furnish a most admirable article, since it is nothing but the 
very purest variety of feldspar. The best locality of albite in the state is in the north-west part 
of Chesterfield, on the farm of 1\Ir. Clark: and 1 have understood that it was purchased not 
long since, by a company in New York, for the purpose of using it in the manufacture of China 
ware, or porcelain : but I have not learned whether they are now prosecuting the work. 

Beds of feldspar and albite have been quarried in Connecticut, within a few years past, with 
much success. In Middletown alone, in the year 1836, seven hundred tons were dug out; six 
hundred of which were shipped to Liverpool.• 

16. Substances used by the Dentist for ai·tificial Teeth. 

The enamel from which artificial teeth are prepared, is obtained by the fusion of pure feldspar. 
Now there cannot be purer feldspar than some of the adularia described in the preceediug sec
tion. I am not aware that any of it has been yet tried for this purpose; but can hardly con
ceive that some of the localities in the state should not yield the very best variety. 

The dentist colors his enamel for teeth by rutile, or the red oxide of titanium. This also can 
be obtained in quantity sufficient for the purpose at several localities in the state. Perhaps the 
best is in \'Vindsor, at the east part of the town, on a branch of Westfield river. Another local
ity of interest, recently discovered, is in the west part of Barre. 

17. Prospective Source of Potassa. 

While our forests yield so large a supply of fuel, from the ashes of which potassa can be ob
tained, we shall not need to resort to any other source for this valuable substance. But when 
this source fails, it is gratifying to know that we have another that is inexhaustable. Pure feld
spar, contains nearly 20 per cent. of potassa j and it has recently been proposed to separate it by 
calcination with lime, and subsequent lixiviation. There can be no doubt but it might thus be 

•Prof. Shepard's Geological Report1 p. 72. 
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separated; and it might also be obtained from mica: which contains 16 per cent.. Albite, which 
is usually regarded only as a variety of feldspar, treated in like manner, ~vould yield 9 or .JO per 
cent. of soda. Hence we may be sure that Massachusetts can never be m want of these impor
tant alkalies, until her granite and gneiss mountains shall be Jestroyed. 

18. Prospective Source of Lithia. 

l~ithia is an alkali similar to potassa and so<la, which has not been known many years, 
and has been obtained only in small quantity, chiefly from two minerals, which in Europe 
are quite rare: viz. petalite and spodumene. But in Massachusetts these minerals exist in large 
quantity; especially the spodumene, at Goshen, Chesterfield, an<l Sterling. They contain 
from 6 to S per cent. of this alkali; and should it prove useful, as an alkali is very likely to do, 
here is a fertile source from whence it may be derived, by chemical processes, which it would he 
out of place and time here to describe. 

19. Substitute for Animal Charcoal in the Clarification of Liquids. 

The syrups of sugar and other liquids are frequently clarified by means of animal charcoal. 
But of late it has been found in France, that a variety of bituminous slate answers well as a sub
stitute. Aud the description given of it corresponds so well to that of the bituminous slate on 
which are found the impressions of fish at Sunderland, that it seems desirable a trial should be 
made of the latter. lt should be burnt, or charred, in kilns, like charcoal; and then pulverized; 
when it is ready for use. Pieces containing sulphuret of iron should be avoided. 

20. .Mineral Springs. 

No mineral springs of much notoriety are found in this State, although chalybcate springs are 
very common, and are useful in cutaneous and some other complaints. Nearly all these springs 
rise in lovt' ground containing bog ore. The Hopkinton spring is of this description, and is prob
baly more resorted to than any other in the State. This contains, among other ingredients, car
bonic acid and carbonate of lime and iron. The spring in Brookfield is similarly situated, and 
contains some magnesia and soda, as well as iron. It is a place of some resort. A mineral 
spring exists in Shutesbury, abounding in muriate of lime, and it is somewhat visited. Chalybeate 
springs exist in South Hadley, Amherst, Deerfield, and indeed, in almost every town in the State. 
In Mendon I was shown a mineral well, in the waters of which, chemical tests indicate muriate 
of lime and carbonic acid in a free state. No use was made of the water, except as a substitute 
for yeast. 

New Lebanon is well known as the locality of a thermal spring, which attracts considerable 
company. !tis situated only a short distance bPyond the line of Massachusetts, and on the west
ern slope of the Taconic ridge, which separates the tw'? states. The saline ingredients are in 
very small quantity in this spring, and of no consequence in estimating its meclicinal properties. 
The two circumstances that gi\•e this spring its chief interest, are its elevated temperature, and 
the constant escape of gas from its surface. According to Dr. DauLeny, who has recently ex
amiCiecl this spring, its temperature is 73Q F: "bile that of springs in the vicinity is 52°. · The 
gas given out he finds to consist of 89.4 parts of nitrogen, and 10.6 parts of oxygen in 100 parts. 

In Williamstown there exists a similar spring, issuing from the midst of diluvium, and al the 
western base of a mountain of quartz rock. lts temperature is not so high as that of the Leb
anon spring, and it has been said that the gas which escapes is the same as atmospheric air. But 
this point needs re-examination by a careful analysis. This spring is not much resorted to for 
medicinal purposes. 
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I have lately discovered a spring of the same character in l\Iount "Wash

ington, near the south west corner of the State. It is upon the farm of a 

l\Ir. Schott, who lives in the west part of the town; and it must be at least 

1000 feet above the valley of the Housatonic; and not far from the highest 

part of the Taconic range of mountains at that particular place. Hence 

its situation is very similar to that of New Lebanon: though talcose slate is 

the only rock in l\lount v\' ashington, whereas the Lebanon spring is near the 

junction of that rock with limestone. The l\lount Washington spring also, 

must be nearly 1000 feet more elevated than that at Lebanon. At present 

the gas rises only over a small spot, a few inches in diameter: but I presume 

that were the soil removed around this spot a few inches in depth, the water 

and the gas would rise from a much larger area. The temperature of this 

spring, May Sd. 1839, was 46° F: and a spring that did not emit gas, se,·er

al hundred feet lower than the one just described, and on the path to Bash

apish Falls, was the same. This is on the western side oftheTaconic range. 

But the temperature of a well six feet deep, atl\Ir. Schott's house, was 4:3'"'. 

Another spring, issuing from a hill of limestone in Egremont, the same day, 

was 44". Another spring in the east part of Lee had the same temperature 

the day previous. But a well, 8 or 10 feet deep, at the public house on the 

old turnpike through Becket, had a temperature of only 38"'. This is the 

coldest water that I ever met with in a well as deep ; and I was told that it 

is remarkably cold through the summer. Upon the whole, I think we may 

fairly infer that the gas spring in Mount \V ashington has a temperature a 

little higher than others in the region; and therefore may be called a ther

mal spring. 

] made an analysis of the gas from this spring by means of spongy plantinum and clay with 

hydrogen, and foun<l jt as follows, in 100 parts: 

Oxygen, 
Nitrogen, 

45 
95.5 

100.0 

With Jime water I could not detect any carbonic acid. I ougbt1 however, to mention, that the 

gas was brought 70or80 miles ina bottle with some of the water, before the analysis was per

formed. But I could not perceive that any absorption had taken place. 

Concluding Remarks. 

In taking a general view of the mineral resources of Massachusetts, the 

mind selects at once, as the most important objects, the iron and limestone of 

Berkshire county, and the granite of Essex, Norfolk, Bristol, and Plymouth 

Counties. Which of these are the most important in an economical point of 



Economical Geology. 

view, I shall not pretend to decide. But of three things I feel confident : 
First, that there exists in these portions of the State, an inexhaustible supply 
of these materials: secondly, that for generations to come, there will be an iu
creasing demand for them from abroad: And thirdly, that the community in 
general have as yet but a very inadequate apprehension of the great pecu
niary value of these vast deposits. The fact that it requires industry and in
genuity to bring these materials into a marketable state, I regard as enhanc
ing their value: For it cannot be doubted, that an income which is the 
fruit of vigorous bodily and mental effort, is of twice more value than one 
obtained without either. Berkshire possesses the advantage of possessing 
the greatest variety of useful minerals ; and hence is to be regarded as the 
chief mineral district of Massachusetts. But the granite of the eastern part 
of the State is directly accessible in many instances to ship navigation; 
while even with the increased facilities of rail roads, so propitiously com
menced, the western part of the State must be of comparatively difficult ac
cess. So that upon the whole, it is not easy to say which part of the State 
possesses mineral resources of the greatest economical value. 

I think that those who read my report on our Economical Geology, will 
be satisfied that there are numerous mineral deposits in the State of no small 
promise, yet undeveloped, or only very imperfectly made known. Who can 
doubt that the rich porphyries, and other ornamental rocks, that exist in 
such profusion and variety around Boston, will one day be found gracing the 
parlors of the wealthy and the tasteful? Who will believe that our numer
ous and extensive deposits of serpentine, will never be drawn from their 
hiding places and made the orname~1t of our public and private edifices? 
Nor is it an extravagant belief, that some of our gems may one day be in a 
measure substituted for those from foreign countries. In the central parts of 
the State, are immense deposits of stratified as well as unstr!l.tified rocks, that 
would vie with those on the coast for purposes of construction; but which 
now lie almost untouched ; becaus~ so far from market: Yet the facilities of 
transportation are increasing so rapidly that we may hope that even these 
deposits will some day, be sought after from a distance. Then also will our 
numerous beds of soapstone become objects of commercial value. We have 
grounds also to hope much from the coal field of Norfolk and Bristol Coun
ties; and something perhaps in this respect from the valley of the Connecti
cut. It is not a mere dream of fancy that inspires the hope that Hampshire 
County may her~after become t?e ~hief lead. yielding district of N. England; 
as any one, who is acquamted with its geological structure, and the numerous 
unopened veins of galena that show themselves at the surface, will admit; 
and I strongly anticipate the discovery there of tin in workable quantity, 
Franklin County, also, may yet supply a large district with copper: for her 
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surface certainly exhibits veins of that metal; and it is known that these 
ores are not apt to put on their best aspect at the surface. "\Varwick, Haw
ley, Berr.1ardston and Montague, may yet set in ope1:ation numerous iron 
fumaces, with their magnetic ores ; which, though less valuable than the iron 
mountains of Missouri and New York, may yet be of great importance. We 
hope something also from the chrome ore of Chester; as we do also from 
numerous other substances whose existence and uses have been pointed out 
in this Report. 

1 f we recollect, also, how many mineral resources exist in the State, capa
ble of being applied to the improvement of our soils, but which are scarcely 
yet known to the community, we shall indulge in still more sanguine expecta
tions respecting the future condition of Massachusetts. The vast deposits of peat 
and peaty mud in our swamps, if properly applied, might convert two thirds 
of the State into a garden. To aid this work we have our limestones, our 
marls, our marly clay, our clay, our muck sand, and perhaps also our green 
sand ; most of which substances are widely diffused, but which have as yet 
scarcely begun to b'e used. 

If Massachusetts then is not recreant to her true interests, she will continue 
to encourage the development of her terrene and subterranean resources. 
For every successful application of these, will add to her wealth, her popula
tion, and her means of usefulness and happiness. 





PART II. 

SCENOGRAPHICAL GEOLOGY 

:M:ASSACHUS ETT S. 

I HA VE supposed that my account of the Geology of the State would be 
quite imperfect, without some notice of our Scenery. Strictly speaking, in
deed, scenery is not geology : and yet the contour of a country owes its pe
culiarities in a great measure to the character of the rocks found beneath the 
soil: so that the geologist, by a mere inspection of the features of the land
scape, can form a very probable opinion of the nature of the rock formations. 
The extended plain, he will pronounce alluvial, or tertiary. The precipitous 
ridge or mountain, if dark colored, and unstratified, will indicate trap rocks; 
if light colored, granite : if the summit be rounded, and the aspect red or 
gray, he will suspect it to be made tip of sandstone. The more extended 
and less precipitous mountain ranges, stretching away over many a league, 
correspond more nearly to the outlines of primary rocks. 

But diluvial and alluvial agencies, above all other causes of Geological 
change, have ..:ontributed to give the surface of the earth its present outlines. 
Many a mountain top has been indented by vallies, and many a mountain's 
base has been surrounded by gravelly conical elevations, almost as if the 
work of art-by those diluvial agencies of which we find almost every where 
the traces, however difficult it may be to explain their causes. How many 
wild and profound gorges, cut through solid rock ; how many beautiful mea
dows, sometimes bordered by terraces; have been the result of those aqueou~ 
operations that are now going on from day to day! 

The vegetable covering of the surface depends also, very much upon the 
chemical nature of the rocks beneath. In the valley of Connecticut river, 
for example, bow strikingly different is the rich and dense foliage of the 
alluvial meadows, from the uniform and stinted pines and shrub oaks of the 
diluvial plains ! and how different from both, is the vegetation, when in the 
same valley, the marly red sandstone break's its way to the surface! On the 
margin of this valley, also, where rises the precipitou. trap ridge, how very 
peculiar is the vegetation that covers it! Compare too, the plants of that 
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ridge with those upon the talcose slate soil of the Taconic range of moun
tains. The latter is almost covered with the lofty and graceful chestnut, 
while the former sustains the Quercus montana or chestnut oak; the J unipcrus 
Virginiana, or white cedar; the Acer Pennsylvanicum and montanum two 
dwarf species of maple, very unfrequent upon most formations. 

The planes of structure in rocks, likewise, give them peculiarities of as
pect. Very different, for instance, is the columnar structure of many traps, 
from the irregular fissures of granite and porphyry; and usually from the 
divisional planes of the stratified rocks. As a result of difference of structure, 
very unlike will be the operation of disintegrating agents ; and the various 
forms that are thus produced, will reveal to a practiced eye at a distance the 
character of the rock. 

From these and other considerations that might be named, we may safely 
assume, that the peculiarities of natural scenery depend chiefly upon geologi
cal causes; and hence I have thought it would not be a misnomer, to de
nominate a description of natural scenery, &e1wgraphical Geology. With 
the modifications of natural scenery by human agency, I have little or nothing 
to do in this place. My chief object will be to call the attention of men of 
intelligence and taste, to those striking features of our scenery, that are the 
result chiefly of geological changes, and which produce landscapes abounding 
in beauty and sublimity. A few of the more frequented of these spots are 
well known: but very ma)1y of them have cost me much time ar.d labor to 
discover; quite as much indeed, as to find out new localities of rocks and 
minerals: although the two objects could be conveniently prosecuted togeth
er. Some of them are yet too little known to have received a name; and in 
a few instances I have ventured to supply this deficiency. lt will not be 
expected that I should describe these spots with the vividness and minute
ness of the poet and the painter. My chief object has been to direct the 
attention of gentlemen of taste, intelligence, and leisure, to these spots; that 
•ometime or other, their beauties and sublimities may be faithfully depicted, 
both on canvass and in language. In this way I hope that many of our citi
zens, in their excursions for relaxation and health, instead of following the 
beaten track to places of fashionable resort, where more is often lost in morals 
than is gained in health, may be induced to climb our own mountains, 
and tra1•erse our own deep glens and gorges, where they will find unsophisti
cated nature, with the ·dress given her by her Creator, scarcely marred by 
the hand of man. In order to excite more interest in our scenery, I have 
succeeded in obtaining, through the liberality of several individuals,* who 

•The names of the individuals to whom I am indebted for Lhis gratuitous service , will be found upon the 
aketches which they have taken , e.1:cept in a few cnscs, where a lady from New York was too diffident of 
her skill with the pencil lo allow her name to appear . 
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possess a talent for drawing, quite a number of lands~ape sketches: and al
though wood cuts and even lithographic sketches can do but imperfect justice 
to these spots, yet I thought that even these would be preferable to naked 
<lcscri ption. 

It should be remarked here, that many of the sketches were taken with a 
view to illustrate the geological features, as well as the scenery; and 
wherever it was possible to unite these two things, I have done it. 
This is especially the case in those sketches that contain exhibitions of di
luvial phenomena. And I cannot but obsen'e here, how superior must be 
the pleasure which the geologist derives from scenery, above that of the man 
who knows nothing of the mighty agencies by which the striking features 
of that scenery have been produced or modified. The lntter derives all his 
pleasure from the simple beauty or sublimity of the spot. But along with 
that emotion, the mind of the former is stimulated and regaled by numerous 
rich and delightful associations. It is carried back through immense periods 
of past time, during which natural causes were operating to produce the 
scenery before him : and he witnesses in imagination that spot, assuming 
peculiar and widely diverse aspects; and sees how wisely each change was 
adapted to bring it into its present state. It may be too, that his mind 
reaches forward into futurity ; and perceives other changes passing over the 
spot, no less interesting; and the necessary consequence of the unalterable 
laws which God has established. 

The most striking objects in the scenery of a country, where they exist, 
are high and precipitous mountains; especially if extensive plains, traversed 
by rivers, stretch away from their bases. I shall therefore, in the first place, 
describe those conspicuous peaks and ridges in the State, whose summits 
afford wide and interesting prospects. 

l\'Iassachusetts is peculiarly mountainous. But mountain scenery is not 
particularly interesting, if the slopes are gentle, and the outlines of the hills 
are much rounded. It needs the sharp towering peak, the craggy and over
hanging cliff, and the roaring torrent beneath, to arrest the attention, and 
excite strong emotions. Such objects are numerous in this State, especially 
in the western part. Here we find some scenery that is truly Alpine. I 
begin with the highest point in the State, viz. 

Saddle .Mountain. 
1\' e have in Massachusetts S rather lofty and extensive ranges of mountains, 

crossing the State in a north and 5outh direction. The summit of the Ta
conic range, corresponds nearly with the west line of the State. The Hoosac 
range is separated from the Taconic by a valley several miles in width. The 
f<>1·mer occupies all the eastern part of Berkshire County, and the Western part 
of Franklin, Hampshire and Hampden ; being from SO to 40 miles broad, and 
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extending easterly to the valley of the Connecticut. East of this valley is a 
belt of mountainous country, embracing the eastern part of Franklin, Hamp
shire and Hampden Counties, and the whole of Worcester County : but no 
specific name has been applied as yet to this range as a whole. 

Saddle Mountain does not belong, properly speaking, to any of these 
chains of elevated land; though generally regarded as a spur from the Hoosac 
range. But it is in fact an insulated eminence, which is connected at its 
southern extremity with the Taconic range and on the north with the Iloosac 
range, running diagonally between them, mostly in the town of Adams, and 
nearly surrounded by valleys, above which it rises 2,800 feet, and nearly 
S,600 above the tide water of the ocean. It is chiefly the insulated character 
of this mountain, that renders it so striking an object in the scenery. Its 
summit is supposed to bear a resemblance to that of a saddle; and hence its 
unpoetic name. The highest point of the summit has a much more appro
priate designation, viz. Graylock; from the hoary aspect which the upper 
part of the mountain presents in the winter months. During that season, 
the frost attaches itself to the trees, which, thus decorated, it needs no great 
stretch of imagination to regard as the gray locks of this venerable mountain. 
As the cold increases, the line of congelation sinks lower and lower, covering 
more and more of the mountain with frost work; and a conti"aryelfect results 
from an increase of the temperature; so that this line is frequently rising 
and falling during the cold months, producing numerous fantastic changes in 
the aspect of the mountain. 

The best route by which to ascend to the summit of Graylock, passes up 
the southwestern declivity of the mountain, through what is called the Hop
per; and over that spur of the mountain denominated Bald Mountain. The 
ascent is so gentle that it may be gained on horseback. At present one is 
obliged to climb a tree, to the height of SO or 40 feet, in order to get an un
obstructed view from the summit; so that either the surrounding trees should 
be cleared away, or a stone or wooden structure be erected, that would over
look them. This work I am happy to find is in part completed, and efforts 
are making to construct e,·en a carriage road to the summit. 

I know of no place where the mind is so forcibly impressed by the idea 
of vastness, and even of immensity, as when the eye ranges abroad from this 
eminence. Towards the south you have a view, more or less interrupted by 
spurs from the Taconic and Hoosac ranges of mountains, of that fertile valley 
which crosses the whole of Berkshire County. On your right and left, you 
look down upon, or rather overlook, the Taconic and Hoosac mountains; 
which, from the valley beneath, seem of such towering height and grandeur. 
Beyond these mountains, on every side, you see the summits of peak beyond 
peak, till they are blended with the distant sky. 
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Upon the whole, however, I was more interested by the phenomena ex
hibited in that part of the mountain called the Hopper, than by a view from 
the summit. As the traveller descends from Graylock, let him follow out 
the naked summit of Bald Mountain nearly to its extremity, and then, on 
turning northerly, he will find before him a gu lph at least a 1000 feet deep, the 
four sides of which seem (although it is not strictly so in fact,) to converge 
to a point at the bottom. The slope of these sides is so steep, that one feels 
dizzy on looking into the gulph. These slopes are all covered with trees of 
various species, among which are occasional patches of evergreens, giving to 
the whole a rich and captivating appearance. On the northeast side, how
ever, may be seen the traces of several Jlfountain Slides, by which the trees 
and the loose soil have been swept away from the height, in some cases, of 
1600 feet, and of considerable width. It is not more than ten or twelve years 
since one or two of these slides occurred ; and the paths which they left be
hind, are yet quite naked of vegetation. In some instances of earlier date, 
we perceive the vestiges of the avalanche, only in the stinted growth, or pe
culiar character of the trees, that have sprung up. It is said that one of the 
most remarkable of these slides took place in the year 1784; and that one 
dwelling house was swept away by the inundation, though the inmates 
escaped. 

If we st2rt from the village of North Adams, we can pass up around the 
north end of Saddle mountain, perhaps two thirds of the way to the summit 
of Gray lock: and proceeding to the western side; of that summit, we come 
to a large elevated spot, improved as a pasture, and which forms the southern 
end of the Hopper that has been described. That deep valley here assumes 
a different appearance from that just described, as seen from Bald Mountain, 
but almost equally imposing. On turning northerly, and proceeding to 
the extremity of the open ground, we come to the steep margin of the moun
tain; and in a moment the beautiful valley and village of Williamstown, with 
the Colleges and Astronomical Observatory, burst like a bright vision upon the 
eye. On your right, the vast slope of Hoosac mountain, stretching away into 
Vermont; and on your left, the vast slope of the Taconic range, stretching 
northerly still farther; while beyond and above it, the lofty mountains in N. 
York west of Champlain, appear ; and between the Hoosac and the Taconic, 
Bald mountain, a lofty eminence in the north part of Adams, rises near you in 
silent grandeur. In fact, I have rarely if ever experienced such a pleasing 
change from the emotion of beauty to that of sublimity, as at this spot. The 
moment one fixes his eye upon the \'alley ofWilliamstown, he cannot but ex
claim "how beautiful!" But ere he is aware of it, his eye is following up and 
onward the vast mountain slopes abo1'e described ; and in the far off horizon, 
he witnesses inte1Teniug ridge after ridge, peering above one another, until 
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they are lost in the <listance; and unconsciously he finds bis heart S\\ ell
ing with the emotions of sublimity nor can the soul of piety cease its mus
ings here, until the tribute of reverence has been pai<l to that Eternal Power, 
who has driven asunder these everlasting mountains. This is <leci<ledly the 
best view that can be obtaine<l from Sad<lle Mountain. 

Before one gets an accurate i<lea of this stupen<lous mountain, he must pa's 
over it an<l around it in a variety of <lirections. I find it to consist essentially 
of three distinct ridges, running nearly N. 80° E. and S. 30° W. the middle 
one being several hundre<l feet the highest, and constituting Gray lock. The 
western one more usually goes by the name of Saddle mountain. The east
erly ri<lge is narrow and precipitous ; and is separated from the middle one 
by a fertile valley, wbo~e north end is nearly on a level with the valleys of 
North Adams and Williamstown. But it gradually ascends for several miles, 
until at its southern extremity, it is more than half as high as Graylock, 
and nearly as high as the eastern ridge of the mountain, which is thus con
nected at its southern extremity with the central ridge. The valley is im
proved throughout ; and is called the Bellows, from the fact that it becomes 
gradually narrower towards its highest part; and when the wind is in the 
right direction, to blow through it southwesterly, it passes through the 
narrowest part with great violence. In like manner the western ri<lge of 
the mountain is separated from the central ridge by a valley, already 
described as the Hopper, whose bottom, at the southwestern part, is almost 
as deep as Williamstow1) valley; but in passing northeasterly, it gradually 
fills up until we reach the lofty cleared spot already described, which over
looks ·Williamstown; and there the western and central ridges uuite. So that 
on each side of the middle ridge, we have similar valleys but sloping in oppo
site directions. I ought to mention that a splendid southern view is obtained 
from the upper part of the Bellows; though scarcely equal to that on the 
northwest side. 

During oue of my visits to this mountain, the wind was strong from the 
northwest, which caused it to strike the ridges nearly at right angles. I pas
sed up from North Adams through the whole length of the valley called the 
Bellows; and found the win<l blowing very strong directly through the 
valley; that is, nearly from the northeast. I then passed around the north 
end of the middle ridge, or Gray lock, and found the direction of the wind 
the same as in Adams: that is, from the northwest. But when I had passed 
beyond the middle ridge, and came to the northern extremity of the Hopper, 
the wind rushed up violently from the southwest nearly :-that is, in a direc
tion exactly opposite to its course in the Bellows. But the explanation of 
these curious facts is easy. The northwest wind, when it struck against the 
middle ridge' of the mountain, which at its southern extremity cun·es con-
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siderabl y towards the west, was forced northerly up the vallc) of the Hopper, 
so as to come from the southwest. But the wind that passed over and around 
the northern part of Gray lock, striking against the eastern ridge, w:is turned 
southwesterly, through the valley of the Bellows; so as to girn it a direction 
from the northeast. But when we rose high enough to be out of the reach of 

these dP!lecting slopes, the wind presen·ed its general course from the north
west. It is not probably, however, very common, that a wind would strike 
the mountain at precisely that angle which would produce t!1is paradoxical 
phenomenon. 

Fig. 8, is a distant view of Saddle mountain as seen across a beautiful sheet 
of water in Pittsfield, called the Pontoosuc Lake. 

l<'i~. s. 

S11ddfr.Mt across Ponloosuc l..a!.-e. 

Oak Ilill, or Bald .,1Iou11tai11. 

This lofty eminence may be regarded as a continuation of Saddle moun
tain northeasterly; though the two are separated by a deep and narrow valley 
through which the road passes from Adams to lrilliamstown. The southern 
part of Bald mountain is broad and gently rounded ; and being co,·crcd "ith 
woods, no interesting prospect exists from its summit. Yet from its southern 
slope you ham a delightful view of the village of Xorth Adams with the 
deep valley stretching away southerly between Iloosac am! Sadule moun
tains: a '·iew that well repays the labor of climbing the ridge to the height 
of 1000 feet. The top of the ridge must have a greater elevation than this: 
and in following it into Yermont, where, if! do not mistake, it unites" ith the 
Hoosac range, there are peaks still more elevated. 

The Bald mountain just described must not be confounded 'rith the south
west part of Saddle l\Iountain which also bears that name. 

Hoosac Alountain. 

IIoosac mountain is a continuation southerly through l\lassachusctts, of 

the Green mountain of Vermont. Yet the name, Iloosac mountain, is not 
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usually applied to the range, except in the northerly part of the State. In 
Peru, it is called Peru mountain; and in Washington, Washington moun
tain. But in this work I have spoken of the whole range in Massachusetts 
as 1-Ioosac mountain ; for it seems undesirable to give different names to dif
ferent parts of the same continuous. range, unless some particular peak peer 
above the general surface. This mountain is for the most part very steep on 
the west side : but on the east, the slope is more gradual ; and indeed, it may 
be considered as extending to the valley of Connecticut river. The 
main ridge, however, is near the western side; and this gradually dimin
ishes in elevation as we go southerly. 

So high and steep is this ridge, that it is no easy matter to find a proper 
passage for a road across it into the valleys of Berkshire. Yet several have 
been opened, where stages pass : One, for instance, through Florida, another 
through Savoy ; another through Peru ; another through Washington ; 
another through Becket; another through Otis; and another through Sand
isfield. And what is still more unexpected, a passage has been found for 
the Western Rail Road through the Pontoosuc valley. Where these roads 
cross the highest part of the ridge, splendid prospects are often presented ; 
especially towards the West, where the deep valleys of Berkshire give mag
nificence to the towering Taconic range beyond, and the still more lofty and 
distant Catskills. Turning towards the east, the observer sees successive 
ridges of mountains with their summits now rising above, and now sinking 
J;>elow, one another, over a vast area. 

Taconic R.ange. 

Commencing on .the west of Williamstown, this lofty ridge forms almost a 
continuous range across the State, whose summit corresponds nearly with the 
line between Massachusetts and New York. On its western side, it is even 
more bold and precipitous than 1-Ioosac mountain ; and hence splendid pros
pects arrest the traveller's attention, who climbs to the snmmit, at almost 
any point. The higher the ridge, of course the wider and more imposing 
the prospect. But I have met with none that demand peculiar notice, till 
we reach the southwestern town in the State; where we have a vast moun
tain pile that will be described farther on, The roads over the Taconic 
range are much fewer than those over the 1-Ioosac, though in several in
stances they pass through valleys cut through the range. The stage l'oad 
from Pittsfield to Albany affords perhaps nearly as good a prospect from its 
highest part, as any other; though a view from an unfrequented road from 
Hancock to Lanesborough, is more striking. Yet as we begin to llescend 
westerly from the summit on the Pittsfield road, the view is magnificent as 
well as beautifol. 
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Tom Ball. 

In proceeding southerly from Pittsfield, we are met on the right, by the 
northern termination of a lofty mountain ridge, rising abruptly from the 
plain. If we pass to the right of this bluff, we shall find a valley leading us 
through Richmond ,to West Stockbridge. If we go te the left, we shall find 
ourselves on the road to Lenox. But on either road we shall find in our 
horizon the high ridge just described; and following it onward, we shall as
certain that it is a spur from the Taconic range, which parts from it in 
Egremont; although at its southern part, it is so low that it might perhaps 
be regarded as an insulated range. In its northern part, this range is called 
Lenox mountain : opposite to Stockbridge, it is called Stockbridge moun
tain: and where it attains its highest elevation, in the north pa.rt of Alford, 
and south part of West Stockbridge, it is denominated Tom Ball. Though 
from various parts of this range we have a delightful view, as for instance 
when we descend the western slope on the mad from Lenox to West Stock
bridge; and more especially when from the mountain northwest of the 
village, we look southeasterly towards Lenox; yet Tom Ball, being the 
highest point, affords the most extensive prospect. On the north and north
east we have Pittsfield and Lenox : on the east, Stockbridge : on the south, 
the giant mountains of Mount Washington; and on the west, the Taconic 
and the distant Catskills. But in order to enjoy these and a multitude of 
other objects, checkering the vast area around you, it is necessary that the axe 
should do its office, until the summit is cleared : and it is desirable also that 
some more facile ascent should be sought than the steep and entangled one 
over which I urged my way. Since, however, some years ago, on a fourth 
of July, a cannon was drawn to the summit, I infer that a better path than I 
found does now exist. 

Near the center of West Stockbridge is an insulated eminence, several 
hundred feet high, whose top I have not visited ; and therefore do not at
tempt to describe. But I doubt not the prospect must be delightful. I make 
the same remark in respect to Rattle Snake-Hill, in the northeast part of 
Stockbridge ; which can hardly fail in the midst of such a valley, to furnish 
the lover of scenery with a rich entertainment from its summit. 

Beartown Mountain. 

The vast pile of mountains that bears this frightful name, lies southeast of 
Stockbridge, south of Lee, and northeast of Great Barrington. Its ele
vation is nearly equal to that of the other commanding mountains of Berk
shire; but its sides are much less precipitous, its top is more rounded, and 
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no prominent peaks shoot up above the general surface to form a resting 
place for the eye from the valley below, and for the feet of the wanderer, 
who loves to gaze on the glories of Berkshire scenery from all its mountains. 
Did such points exist, to give an interest to this mountain, I should not ha\'e 
hesitated to propose some more appropriate name than it bears . 

.Ilium Htll, South Mountain and East .Mountain. 

The range of hills thus denominated, may be considered perhaps as a con
tinuation of the Beartown mountains; though in a good measure separated 
from them by a narrow valley. This range is also more easterly than the 
Beartown pile; for one can hardly say that the latter has any particular range. 
The former extends along the east side of the Housatonic from Great Bar
rington to Sheffield, and rises in some places to the height of 1600 feet abo"e 
the valley. Its northern part in Great Barrington, is called Alum llill; in 
the south part of that town it is sometimes called South l\fountain; and its 
southern part in Sheffield, goes by the name of East or Northeast ]\fountain. 
Being precipitous on the west side, many points of its top furnish fine pros
pects; and there is another obj eel of scenographical interest here, which I 
shall describe in another place. The "alley of the Housatonic, with its 
beautiful villages, and the lolly hills of Mount "\V ashington, are the principal 
objects that arrest the attention from this ridge. 

jlfonwneul .Jlfowztain. 

- A little north east of the village of Great Barrington, the ridge of hills 
above described comes to an abrupt termination. But on proceeding north
erly, it soon re-appears; and in the north partofthe town, and in the south 
part of Stockbridge, forms the imposing ridge known by the name of l\fonu
ment ]\fountain, from the fact that a pile of stones is found at its southern 
extremity, supposed to be the work of the aboriginees, to celebrate some 
event in their history. It does not rise more than 500 feet abo1•e the plain, 
and 1250 abo1·e tide water; but its eastern side is an almost perpendicular 
wall of white granular quartz; and shooting out boldly as it does into the 
heart of a beautiful country, the prospect from its summit is delightful. Per
haps the viell' northerly is most striking. There the sunny village of Stock
bridge, and that of Curtisville in the same town, are in distinct view; with 
at least two_ ponds of water, and mount?in beyond mountain forming the 
distant outlme. Among the latter, Saddle mountain is distinctly visible; 
and even some part of the Green mountains. On the east, lie the Beartown 
mountains; on the south, the delightful Yillage of Great Barrington, with 
Alum Hill on the left, and the grand outlines of !\fount"' ashington on the 
right richly fill up that quarter; while on the west, the blue Catskill are 
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seen oHr a <lepression in the Taconic range. Fig. 9, will com·ey some idea 
of the northerly prospect from this •pot. 

Fig 9 

Vit wfrom . . 1fo111tm.t nt.Mountam. 

At the eastern base of this mountain the principal road from Stockbridge 
to Great Barringwn passes; and it is possible to climb to the top directly 
from this road. But the usual route passes around the south end of the 
mountain, and ascends upon its backside. In going up the eastern side, we 
must clamber over a vast quantity of huge blocks, which frost and time have 
detached from the impending precipice above. In several places frowning 
masses are still left projecting from the cliff, more than 200 feet above the 
base, still holding on to the parent rock with apparent firmness. And it is 
an interesting trial of the nerves, to creep to the edge of these jutting masses, 
and to look down upon the fragments some hundreds of feet below. This is 
a feat which not every man is able to perform. For he sees fissures in every 
direction around the projecting masses; and there is evidence in the num
berless fragments beneath, that just such masses have fallen in a thousand 
instances; and the thought cannot but occur, that perhaps the one on which 
he is now venturing himself, may be just in that state when it needs only his 
additional weight to precipitate it to the yawning bottom. He, however, who 
loves the exhilaration of looking over such a precipice, will try to dismiss 
this imagination and will not be satisfied until the feat is done. Yet even 
when the fear of falling is overcome, the he:.d begins to grow dizzy; and the 
man starts back with the exclamation, 

"How dreadful 
And dizzy 'Li1 tocastone'1eyee1olow, 
----I'll looknomorf', 
LeeLmybrainturn." -

Near the highest part of this cliff, a pointed mass of the rock, only a few 
foet in diameter, has been parted at the top from the mountain: but its base 
not giving way, it now stands insulated and from 50 to 100 feet high. It 

31 
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goes by the name of Pulpit Rock: But I should judge that no one could 
climb to its top. As one ascends along the edge of the precipice, a few rods 
south of this rock, it looms up so finely against the northern horizon, and the 
landscape moreover in that direction is so fine, that I have given a sketch of 
it in Plate I. 

Mount Everett, (Ball or Bald Mountain,) in Mount Washington. 

As the traveller passes down the valley of the Housatonic through Sheffield, 
he cannot but observe a few miles to the right, a mountain of imposing form 
and height. This lies in the township of Mount Washington, or rather in 
connection with the Taconic mountain, it constitutes the township: the 
whole of it being in fact nothing but a mountain. Hence it is that the 
mountain in its eastern part is often confounded with the township. With
in the town itself, I have heard the name of Ball, or Bald Mountain, applied 
to this eminence: but in the neighboring towns, this name I believe is rarely 
given. And were this its common designation, I cannot but believe that all 
the inhabitants of that portion of the State would gladly substitute some 
other good name. For I have already described two mountains by the name 
of Ball or Bald Mountain, in the county ; and Tom Ball makes a third. 
And besides, who is willing that so splendid a mountain as this, should bear 
sountasteful a name. In many respects this mountain is the finest in Massa
chusetts. Its height is rather more than 2600 feet. It lies, moreover, in a 
portion of the State interesting not only by the intelligence and refinement 
of its inhabitants, but by historical associations. It deserves, therefore, a 
name that will connect it with the literature and history of Massachusetts. 
Such a name I trust all without distinction of political party, (from which I 
desire to stand entirely aloof,) will acknowledge that of our present Chief 
Magistrate to be. I cannot, therefore, but hope that the proposal which I 
make to denominate this eminence Mount Everett, may meet with the ap
probation and support of my fellow citizens. 

It is surprising how little is known of Mount Washington, and especially 
of its scenery, in other parts of Massachusetts. I doubt whether ~ine out of 
ten of our intelli~ent citizens, beyond Berkshire County, are not ignorant of 
the existence of such a township within our limits. And even in the vicinity, 
very few have ever heard of scenery in that place, which would almost re
pay a lover of nature for a voyage across the Atlantic. I shall confine myself 
in this place to a general description of the township, with its principal 
mountains. 

The best and almost the only way of getting into Mount Washington from 
Massachusetts, is through Egremont. Passing up along a vast uncultivated 
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slope to the height of nearly 2000 feet, you at length reach the broad valley 
where the few scattered inhabitants of the town reside: 

11 A lowly vale 1 and yet uplifted high 
Among the mountains; even as if the spot 

Hadbeenfromeldesttimeby wishoftheirs 1 

So placed 1 to be shut out from all the \~·orld ." 

The western side of this valley is formed by the Taconic ridge, which, 
towards the Connecticut line, must rise nearly 1000 feet above the valley: 
and there it takes the name of Alender Mountain. Of course the prospect 
from its top must be very extensive in the States of New York, Connecticut, 
and Massachusetts. But there is no particular part of the mountain that 
calls for specific description. 

On the east side ~f this valley, rises Mount Everett. Its central part is a 
somewhat conical, almost naked eminence; except that numerous yellow 
pines, two or three feet high, and whortleberry bushes, have fixed themselves 
wherever the crevices of the roek afford sufficient soil. Hence the view 
from the summit is entirely unobstructed. And what a view! 

<iJn depth, in height, in circuit, how serene 

The spectacle, how pure !-Of Nature 's works 

lnearthandnir 1-

A revelation infinite it seems." 

You feel yourself to be standing above every thing around you ; and feel 
the proud consciousness of literally looking down upon all terrestrial scenes. 
Before you on the east, the valley through which the Housatonic meanders, 
stretches far northward in Massachusetts, and Southward .into Connecticut; 
sprinkled over with copse and glebe, with small sheets of water, and beauti
ful villages. To the southeast especially, a large sheet of water appears, I 
believe in Canaan, of surpassing beauty. In the southwest, the gigantic 
Alender, Riga, and other mountains more remote, seem to bear the blue 
heavens on their heads in calm majesty; while stretching across the far dis
tant west, the Catskills hang like the curtains of the sky. 0 what a glorious 
display of mountains all around you ! and how does one in such a spot turn 
round and round, and drink in new glories, and feel his heart swelling more 
and more with emotions of sublimity, until the tired optic nerve shrinks from 

its office. 
"Ah tha.tsucb beauty 1 varying in the light 

Of living nature, cannot be portrayed 
By words, nor by the pencil's silent skill, 
But is the property of him alone 
Whohathbeheldit,noteditwithcare 
And in hismindrecordeditwithlove." 

This certainly is the grandest prospect in Massachusetts : though others 
are more beautiful. And the first hour that one spends in such a spot is 
among the richest treasures that memory lays up in her storehouse. 
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The evidence which the geologist perceives upon this mountain, and in
deed upon nearly every other in Berkshire, that has been described, of for
mer mighty revolutions, greatly enhances his pleasure. The description o{ 

these, however, is more appropriate to a subsequent part of my report. 
Suffice it to say, that he finds decided proof here, that these mountains 
at no very remote period, have been covered and swept over by powerful 
currents of water, that have in a great measure brought them into their pres
ent form: and that at a period still more remote, they l:ave been lifted up 
and tossed over in a surprising manner. 

Hilly Region between the top of Hoosac Mountain and Connecticut River. 

The valleys in this broad tract, usually run nearly north and south; in
tersected however, by others crossing these in various directions. The great 
depth of these valleys, and the irregularity of the intervening hills, produce a 
multitude of most interesting prospects; which are unnoticed by the inhabi 
tants themselves, only because they are so common. Very different will be 
the feelings of one who goes thither from long confinement in the crowded 
city, or from the monotonous scenery of a level country. 

lt is extremly exhilarating to the spirits of the tasteful traveller, as he 
traverses these regions, especially in summer, to find such a constant variety 
of landscape attending every change of place. For every new hill that he 
climbs, he is rewarded by the discovery of some new grouping of the distant 
mountains; some new peak or ridge rising fantastically in the horizon ; some 
new village crowning the distant hill with its neat white houses and church 
spire; or some hitherto un<een valley opens before him, through which tum
bles the mountain torrent; while the vast slopes of the valley present so 
much diversity, softness, and richness of foliage, as to form a lovely resting 
place for the eye. 

In such mountainous regions it was natural for the first settlers to select 
elevated situations for a residence. Hence in many instances the tops of 
these ridges are crowned with many pleasant villages. Among those which 
are thus situated and afford the most romantic prospects, may be named 
Blanford, Granville, Tolland, Chester, Middlefield, Peru, Windsor, Chester
field, Goshen, Cummington, Plainfield, Ashfield, Hawley, Shelburne, Rowe, 
Heath, and Leyden. To one accustomed to reside in a valley, it is interest
ing to witness in one of these places, the setting, but more particularly the 
rising of the sun: when very probably he will see a dense fog resting upon 
the valJeys below, and shutting out the sun, while it shines in all its glory 
upon the hills around the observer. Sometimes this phenomenon occurs in 
winter, 
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11 'Tis morn: with gold the verdant mountain glows; 
More high the snowy peaks with hues of rose. 
Far stretched beneath the many tinted bills 
A mighty waste of mist the valley 6111; 
A solemn sea! whose vales and mountains round 
Stand motionless to awful silence bound: 
Like leaning mastsofstrandedships appear 
Thepinesthalnearlhecoasltheirsummitrear. 
OJcabins,woods,andlawns,apleasantshore, 
Boundcalmo.ndclearthechaoRstillandhoar. 
Loud through that midway gulf ascending, sound 
Un umbered streams, with hollow roar profound; 
Mountthroughthenearermist,thechantofbirds, 
And talking voices and the low of herds; 
1'hebarkofdogs1 the drowsy tinkling bell, 
And wild wood mountain lutes ofsaddest~well." 

2-!1 

In the elevated region east of Connecticut river, a still larger number of 
villages have been built upon heights commanding wide horizons: and some 
of these, being in a superior style of architecture, are most attractive objects 
to the distant traveller. What for instance can be a finer object, than the 
beautiful village of Leicester, seen at a distance of six or eight miles ! or than 
Shrewsbury, Grafton, Charlton or Rutland! Similarly situated are Dudley, 
Sutton, Mendon, Hopkinton, Spencer, New Braintree, Hardwick, Barre, 
Petersham, Shutesbury, New Salem, Templeton, "Vinchendon, Princeton, 
Westford, Andover, &c. The extent and beauty of the summer prospect 
from the last mentioned place have long been the admiration of the traveller. 

Mount Holyoke. 

"Ve come now to the valley of the Connecticut, where is some of the bold
est and most beautiful scenery in the S~ate. l\1ount Holyoke in Hadley 
claims the first notice; not on account of its superior altitude, for it is only 
830 feet above the Connecticut at its base, and about 900 above Boston Har
bor: but on account of its peculiar position in respect to interesting objects 
around. It is a part of a mountain ridge of greenstone, commencing with 
"Vest Rock, near New Haven, and proceeding northerly, interrupted only 
by occasional valleys, across the whole of Connecticut, until it enters Massa
chusetts between West Springfield and Southwick, and proceeds along the 
west line of the first named place, and along the east li~e of Westfield, East
hampton, and Northampton, to the banks of the Connecticut. Until it reach
es Easthampton, its elevation is small. But there it suddenly mounts up to 
the height of nearly a thousand feet, and forms Mount Tom. The ridge 
crosses the Connecticut, in a northeast direction, and curving still more to 
the east, passes along the dividing line of Amherst and South Hadley, until 
it terminates ten miles from the river in the northwest part of Belchertown. 
All that part of the ridge east of the river, is called Holyoke: though the 
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prospect house is erected near its southwestern extremity, opposite North· 
ampton, and near the Connecticut. And that is undoubtedly the most com· 
manding spot on the mountain, though several distinct summits, that have as 
yet received no uniform name, afford delightful prospects. It is not generally 
known, indeed, how a slight change of situation upon a mountain, will often 
put an almost entirely new aspect upon the surrounding scenery : Or how 
rather, 

11 CL.angc ofplace 
From kindred fea luret divenely co01bin1d 
Produces change of beauty e ver ne w." 

A knowledge of this fact, might often give a tenfold duration to the pleas
ure of the observer. The man who means to feast to the full upon mountain 
scenery, should be accoutred in such a manner that he can turn aside from 
the beaten track, urge his way through the tangled thicket, and climb the 
craggy cliff. There is a peculiar pleasure, which such a man only can ex
perience, in feeling that he has reached a point perhaps never trodden by 
human foot, and is the first of the rational creation that ever feasted on the 
landscape before him. 

In the view from Holyoke we have the grand and the beautiful united ; 
the latter, however, greatly predominating. The observer finds himself lifted 
up nearly a thousand feet from the midst of a plain, which, northerly and 
southerly, is of great extent; and so comparatively narrow is the naked rock 
on which he stands, that he wonders why the winds and storms of centuries 
have not broken it down. He soon, however, forgets the mountain beneath 
him, in the absorbing beauties before him. For it is not a barren unenlivened 
plain on which his eye rests: but a rich alluvial valley, geometrically diver
sified in the summer with grass, corn, grain, and whatever else laborious in
dustry has there reared. On the west, and a little elevated above the general 
level, the eye turns with delight to the populous village of Northampton; 
exhibiting in its public edifices, and private dwellings an unusual degree of 
neatness and elegance. A little more to the right, the quiet and substantial 
villages of Hadley and Hatfield, and still farther east and more distant, Am
herst with its College, Gymuasium, and Academy, on a commanding emi
nence, form pleasant resting places for the eye. But the object that perhaps 
most of all arrests the attention of a man of taste, is the Connecticut, winding 
its way majestically, yet most beautifully, through the meadows of Hatfield, 
Hadley, and Northampton; and directly in front of Holyoke, as if it loved to 
linger in so tranquil a spot, it sweeps around in a graceful curve of three miles 
extent, without advancing in its oceauward course a hundred rods.* 
Then it passes directly through the deep opening between Holyoke 

~ Al as ! as if ind ignant at this perl!o nification, the river du ring the floods of last sprin g (1840,) hae cu t 
acrosa the neck ol t11is pen insula! It sti ll con t inues, however1 to pass around the curve, as well u throug h 
the new channe l a.nd for acverlll yean we may lwpe tha t the beauty of the spot will not be at all impai red. 
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and Tom, which its own waters, or more probably, other agencies have exca
vated in early times. Below this point, the Connecticut is in full view, like 
a serpentine mirror, for nearly twenty miles. And through a deception, ex
plicable by the laws of perspective, there seems to be a gradual ascent of the 
river, the whole distance, till at its vanishing place it seems elevated nearly 
to a level with the eye: just as the parallel sides ofa long avenue seem to 
approach nearer until they meet. 

The valley on the south of Holyoke is not as interesting as that on the 
west and north; chiefly because the land is less fertile. The village of South 
Hadley, with Mount Holyoke Female.Seminary, is indeed a pleasing object. 
But Springfield, one of the loveliest spots in America, is too far removed for 
an exhibition of its beauty. Other places south of Springfield are indistinctly 
visible along the banks of the Connecticut : and even the spires of some of 
the churches in Hartford, may be seen in good weather, just rising above the 
trees. Still farther south in that direction, may be seen the abrupt green
stone bluffs midway between Hartford and New Haven; and looking with 
a telescope between these, other low hills may be indistinctly seen, which 
may be the trap ridge encircling New Haven. 

Facing the southwest, the observer has before him on the opposite side of 
the river, the ridge called Mount Tom, rising one or two hundred feet high
er than Holyoke, and dividing the valley of the Connecticut longitudinally. 
The western branch of this valley is bounded on the west by the eastern 
slope of the Hoosac range of mountains; which, as seen from Holyoke, rises 
1·idge above ridge for more than twenty miles, chequered with cultivated 
fields and forests, and not unfrequently enlivened by villages and church 
spires. In the northwest Graylock may be seen peering above the 
Hoosac ; and still farther north, several of the lofty peaks of the Green 
Mountains (wnich are merely a continuation of the Hoosac,) shoot up beyond 
the region of the clouds, in imposing grandeur. A little to the south of west, 
the beautiful outline of Mount Everett is often visible. Nearer at hand and 
in the valley of the Connecticut, the insulated Sµgar Loaves and Toby present 
their fantastic outlines: while far in the northeast, stands in insulated grand
eur the cloud-capt Monadnoc. 

Probably under favorable circumstanaes, not less than 30 churches, in as 
many towns are visible from Holyoke. The north and south diameter of 
the field of vision there, can scarcely be less than 150 miles. 

Plate 2 is a southwestern view from the top of Holyoke showing Mt. Tom. 
copied from a sketch by H. T. Bartlett. 

Titan's Pie:r. 
Standing upon Holyoke and facing the south, one has directly before him, 

and as it were under his feet, the deep gorge between Holyoke and Tom, 
through which Connecticut river passes. Following the western side of the 
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mountain, as it rapidly descends to the ri\•cr, we find it terminating with a 
naked rock extending several rods into the river, and nearly perpendicular 
on the side next to the water, from 20 to 100 feet high. A considerable 
part of this naked rock exhibits a columnar structure: not in general \'ery 
perfect yet sufficiently regular to require little aid from the imagin
ation, to be regarded as artificial; though obviously demanding giant 
strength for its construction. I have said that the columnar structure was 
11ot in general very perfect. But if one can work his way along the 
western face of this precipice at low water, he will find, near where the rock 
passes under the river, the tops of numerous columns of great regularity; 
their upper portions having been removed by the force of the stream, which 
for so many centuries has been battering this cliJf with logs and ice. By re
ferring to the next part of my Report, a more definite idea can be obtained 
of these columns. But from what I have now said, every intelligent man 
will perceive that they are very similar to those on the coast of Ireland, which 
form Fingal's Cave and the Giant's Causetcay. The nature of the rock too, 
is essentially the same in all these places. Why then may I not be permitted 
to denominate this rock, Titan's Pier? At least, may I not hope by this de
scription to attract the attention of visitors to Holyoke, to this spot? Hitherto 
it has been passed unnoticed. Fig. 10, is a view of Titan's Pier, with Hol
yoke in the back ground, as seen from the opposite side of the river. 

Fig. 10. 
-~-

Vic10of1'ilU1''s Pier. 

Titan's Piazzi. 

Less than half a mile south of the point where the road that leads to the 
Prospect House on Holyoke strikes against the steep part of the mountain, 
and turn northerly, may be found an interesting and unique example oi 
greenstone columns. After climbing up some 50 feet over the loose angular 
fragments, that have fallen from these columns, by the action of frost and 
gravity, and which form a talus whose slope is nearly 40, 0 the observer finds 
himself standing underneath a projecting mass of column~, whose lower ex-
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tremities have worn away and fallen: and from the manner in which the 
fragments have cleaved off, the end. of the columns over head, have assumed 
the form of a hemisphere, more commonly that of a paraboloid, and some
times they are even lenti.:ular.* At least three rows of these columns, each 
of which is not less than two and sometimes three feet in diameter, thus pro
ject forward from the cliff, over the observer's head. It seems as if you were 
standing beneath so many large hexagonal kettles, set closely together. Yet 
when you think how feebly the columns hold on upon one another, and see 
around you the evidence that thousands and thousands have fallen, and think 
how instantly even one of them falling upon a man would annihilate him, 
you cannot feel perfectly easy, while standing beneath such a Piazza, inter
esting though it be. Fig. 12 is an attempt to exhibit this spot: though from 
its situation, a sketch must be necessarily very imperfect. If the spot al
ready defcribed as Titan's Pier, deserve that name, with still more propriety 
may we denominate this place, Titan's Piazza. 

Fig. 12. 

•A few year• 1ince, in company with a very intelligent gentleman from Europe. 1 viaited thia apot 1 and 
th" large yellow hornet had fixed his enormous nest among these columns, whose lower extremity very 
much resembled that of the columns ; while ils siic was nearly :i. foot. This genllemo.n, never luwingsccn, 
one of tbeee neet1, 1eriously inquired whether the hornets had not constructed it in mimicry of lhe column•' 

S2 
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By passing a few rods northerly from the spot above exhibited, we come 
to another example of projecting columns, or rather to the other end of the 
Piazza; and though essentially like the southern part, yet being much more 
elevated, and the overhanging extremities more perfect in their form, it 
makes an agreeable variety for the observer. Fig. 13, is a sketch taken at 
this spot. 

Fig. 13. 

Titan's Pia:::a. 

While the summit of Holyoke attracts crowds of visiters, but very fe11· I 
have reason to believe go to this Piazza: yet I have never known any one 
visit it who was not highly gratified. Indeed, how can one, who has any taste 
for Nature in her most curious aspects, remain uninterestc<l as he stands 
there 

"Gazing, and takes into his mind and heart, 

Withundistractcdrcvcrence,thcefl:Ccl 

Of those proportions, whC'tC the Almighty hand 

Thnl made the worlds, the Sovereign Architect, 
lla11 deigned to work as if by human art.'' 

Jl,[ount Tom. 

As this is higher than Holyoke, and insulated in the same great valley, the 
view from its summit cannot but be commanding; yet most of the interest
ing group of objects around the base of the former, is wanting around the 
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the latter. Hence Tom is not much frequented; while during the summer 
months, Holyoke is a place of great resort. 

I obtained from this mountain one summer morning, a striking view, while 
yet the whole valley of the Connecticut was enveloped in fog, and Tom "·ith 
a few other elevated peaks connected with the greenstone range, alone ro~e 
above the vapor. The sun shining brightly and the wind gently blowinr-;, 
garn to this fog a strong resemblance to an agitated ocean. To the north 
and south it seemed illimitable; but on the east and the west, the high 
mountain ranges that form the boundaries of the valley of the Connecticut, 
constituted its shores. I could not but feel transported back to that remote 
period, when this great valley was enveloped in like manner by water, and 
Holyoke and Tom formed only low and picturesque islands upon its surface. 

Sugar Lo<if .II-fountain. 
No object in the valley of the Connecticut, is more picturesque than this 

conical peak of red sandstone, which rises almost perpendicularly 500 feet 
above the plain, ou the bank of the Connecticut, in the south part of Deer
field. As the traveler approaches this hill from the south, it seems as if it 
summit was inaccessible. But it can be attained without difficulty on foot, 
and affords a delightful view on almost every side. The Connecticut and the 
peaceful village of Sunderland on its bank, appear so near, that one imag
ines he might almost reach them by a single leap. 

This mountain overlooks the site of some of the most sanguinary sceues 
that occurred during the em·ly settlement of this region. A little south of 
the mountain the Indians were defeated in 1675 by Captains L~throp and 
Beers: and one mile northwest, where the village of Bloody Brook now 
stm1ds, (which derived its name from the circumstance,) in the same year, 
<:;aptain Lathrop was drawn into an ambuscade, with a company of "eighty 
)'Ot111g men, the very flower of Essex County," who were nearly all de
stroyed. 

Fig. 14 . 

• Yorlh trn Vi!IC' of ::iuga r Loaf. 
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Deerfield Mountain. 

A sandstone ridge commences at Sugar Loaf, and runs northerly through 
Deerfield and Greenfield, into Gill, increasing in height as far as the village 
of Deerfield, where it is 700 feet above the plain on which that village stands. 
Standing near this point, on the western edge of the mountain, a most en
chanting panorama opens to view. The alluvial plain on which Deerfield, 
stands is sunk nearly 100 feet below the general level of the Connecticut 
valley ; and at the southwest part of this basin, Deerfield river is seen emerg
ing from the mountains, and winding in the most graceful curves along its 
whole western border. Still more beneath the eye is the village, remarkable 
for regularity, and for the number an<l size of the trees along the principal 
street. The meadows, a little beyond, are one of the most verdant and fer
tile spots in New England. Upon the whole, this view is one of the most 
perfect pictures of rural peace and happiness that can be imagined. 

A few miles north of Deerfield and in the same valley, but on higher 
ground, can be seen the lovely village of Greenfield. As we approach this 
place from the south, the view is really one of the most enchanting in the 
state. 

"How gay U1e habilntions that bedeck 
Thisfertilevnlley! Nota.housebutseeme 
To give assurance of content within; 
Enbosomed happiness and placid love; 
As if tbe sunshine of the day were met 

By answering brightness in the hearts of all, 
Who walk thi1:1 favored ground." 

Mount Toby. 

This mountain of sandstone lies in the north part of Sunderland, and west 
part of Leverett, and is separated from Sugar Loaf and Deerfield Mountain 
by Connecticut river. A valley also separates it from the primitive region 
on the east; so that it stands there, an immense pile of irregular shape, in
dented by several valleys and mostly covered by forests. On various parts of 
the mountain interesting views may be obtained: hut at the southern ex
tremity of the highest ridge, a finer view of the valley of the Connecticut 
is obtained than can he got from any other eminence. Elevated above the 
river nearly 1000 feet, and but a little distance from it, its meander
ings lie directly before you : and the villages that line its banks-Sunderland, 
Hadley, Hatfield, Northampton, and Amherst, appear like so many spark
ling gems in its crown. It is a pity that as yet one is obliged to climb a tree 
in order to enjoy this fine prospect. Indeed, the spot is unknown to most : 



Uncouth Names. 249 

but were the trees cleared away, and a convenient path opened, I am sure it 
must become a place of no little resort. 

It has frequently been stated, and that too by very respectable authority, 
that the ridges forming East and West Rock, Holyoke, Toby, &c., are a part 
of the broad ranges, which, commencing at Long Island Sound, rise gradually 
towards the north into the Hoosac and Green Mountains on the west side of 
Connecticut river, and into Monadnoc and the White Mountains on the east 
side. But a slight knowledge of the geological character of these mountains, 
is sufficient to show, that the trap and conglomerate ridges along the Connec
ticut, differ, toto cmlo, from the primary ranges on either side. And a slight 
examination of the topography of these mountains, shows that the former 
are uniformly separated by deep valleys from the latter, and have no geo
graphical connection except proximity. 

What a pity it is, that so many of the most interesting mountains and hills 
in Massachusetts have got attached to them such uncouth and vulgar names! 
How must the poets lines 

---scramble ur and down 
On disproportioned legs, like Kangaroo, 

if such words as Saddle Mountain, Rattle Snake Hill, Bear Town Moun
tain, Mount Tom, Mount Toby, Sugar Loaf, Blue Mountain, and Deerfield 
Mountain, be introduced. Holyoke, Taconic, Hoosac and W achusett, are 
more tolerable; though most of them have an Indian origin. It would have 
been fortunate, if our forefathers had not attempted in general to supersede 
the aboriginal designations. For what mountain can ever become an object 
of much regard and attachment, if its beauties and sublimities cannot be in
troduced into a nation's poetry, without producing the most ridiculous asso
ciations! Fortunately there are some summits in the State yet wmamed. 
It is to be hoped that men of taste, will see to it, that neither Tom, nor 
Toby, nor Bears, nor Rattle Snakes, nor Sugar Loaves, shall be &tddled upon 
them. 

Mount Warner. 

I mention this hill of only 200 or 300 feet in height, on account of the 
rich view which is seen from its top, of that portion of the valley of the 
Connecticut just described. It lies in the north part of Hadley, not more 
than a half a mile from the river, and only two miles from Amherst; and its 
top can be easily reached by a carriage. A visit to it can, therefore, be per
formed by the invalid; and will form no mean substitute for an excursion to 
Holyoke or Toby. 
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Waclmsett. 

This mountain is in Princeton, whose general elevation, above the ocean, 
is llOO feet: and the mountain lifts its conical head 1900 feet higher, so a8 
to be 3000 feet above Massachusetts Bay. The ascent on foot is not difficult. 
From the summit, which is little more than naked rock, the eye takes in a 
vast extent of country on every side. On the east and south, the distant hills 
are comparatively low, and· seem to possess an even outline. On the west 
and northwest, mountain ridges and peaks succeed one another, becoming 
more and more faint, until the distant Hoosac and Green Mountains fade 
away into the blue heavens. Several neat villages around the base of this 
mountain, with numerous ponds of considerable extent, give an interesting 
variety and liveliness to the picture. Probably more of Massachusetts may 
be seen from this mountain than from any other in the State. It attracts 
numerous visitors, and a small square wooden tower has been erected on the 
top : but it is now in ruins. 

One of the most impressive circumstances in such a spot, if the air be clear 
and the winds at rest, is the serene quiet which there reigns: a state of na
ture that greatly heightens the sublimity of the scene. 

" How still ! no irreligious sound or sight 
Rouses the soul from her severe delight, 
An idle voice the sabbath region fills 
Of Deepthatcallsto Deep across the hills. " 

Mount Grace. 

Along the northern part of the state, between Connecticut and Merrimack 
rivers, are numerous high hills which afford prospects from their summits 
more or less interesting, But the most striking elevation is Mount Grace, 
a little northwest of the center of Warwick. Rising in an abrupt manner 
several hundred feet above the general level, (which is itself a very high 
one,) it affords a wide range of vision, embracing many objects of interest. 
Among these are W achusett, just described, and still nearer, Monadnoc, with
in the limits of New Hampshire. 

Blue Hills. 

This is the highest and most conspicuous range of hills in the vicinity of 
Bost~n. It is m~st ~levated at its western extremity, in the southwest part 
of Milton, where 1t rises 710 feet above the ocean. A little to the southeast 
and just within the limits of Quincy, the summit is elevated 680 feet. Stili 
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farther east, it is 570 feet. Northeast a little from this peak, is another 530 
feet high. The Monument Quarry in the northeast part of these hills, is 
390 feet high; and Pine Hill, to the southeast of this quarry, is 235 feet high. 
All these summits command extensive and most interesting prospects. And 
there are some circumstances that impart to these landscapes peculiar inter
est. One is the proximity of these hills to Boston; whose numerous edifices, 
masts, spires, and towers, and, nobly peering above the rest, the dome of the 
State House, present before the observer, a most forcible example of human 
skill and industry, vieing with, and almost eclipsing nature. And the high 
state of cultivation exhibited in the vicinity of Boston, with the numerous 
elegant mansions of private gentlemen, crowning almost every hill, and im
parting an air of freshness and animation to the valley and the ph.in, testify 
how much taste and wealth can do in giving new charms to the face of nature. 

From these hills the observer has also a fine view of Boston Harbor; and 
this is another circumstance of peculiar interest. For to look out upon the 
ocean is always an imposing sight; but when that ocean is studded with 
islands, most picturesque in shape and position, and the frequent sail is seen 
gliding among them, he must be insensible indeed, whose soul does not 
kindle at the scene, and linger upon it with delight. 

On Monument Hill, is opened perhaps the largest of the quarries of 
Quincy granite; and from thence a rail road runs directly to Neponset 
river: and this is another circumstance of peculiar interest to the visitor of 
these hills. Let him ascend the granite tower, which the proprietors of the 
quarry have erected on its site, and he will have before him, not merely the 
rich variety of natural and artificial objects above described, but this railway, 
also, stretching away for miles in a right line towards the river, with here 
and there the cars going and returning. Such conveyances, however, have 
ceased to be a novelty in Massachusetts. 

Many other hills of moderate altitude around Boston, particularly on the · 
south of the city, might be mentioned as worthy of a visit for the prospects 
presented from their summits. The heights of the following are given on 
Hale's beautiful "Map of Boston and its vicinity." 

In Quincy, near the Common, 
do. One mile north, 
do. A half mile farther north, 
do. A little N. W. of Hon. J. Quincy's seat, 
do. Great Hill, near the eastem extremity of 

the town, 
do. Squantum, 

In Braintree, near the east line, 
In Weymouth, near the west line, 

210 feet. 
175 

- 107 
40 

94 
99 

205 
- 210 
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In Plymouth, Near Town River Bay, - 194 feet. 
In Hingham, N. W. part of the town, 112 

do. On Crown Point, 102 
do. A little N. W. of Mr. Brook's M. House, - 107 

In Hingham, a little south of l\Ir. Brook's M. House, - 75 
do. Near the east line of the town, 290 

In Cohasset, near the west line of the town, 215 
do. A mile south of N antasket Beach, 175 
do. N. E. part of the town, close to the shore, - 110 

In Milton, at the Academy, - 208 
do. One mile south of this place, - 226 
do. A mile west of the last, - 217 
do. N. W. part of the town, - - 216 

In Dedham, at Mr. White's M. House, - 405 
In Dover, Pine Hill, south part, 400 
In Waltham, Prospect Hill, 470 

do. Bear Hill, - 510 
do. Near the N. E. line of the town, - - 570 

In Lincoln, Dr. Stearns' M. House, 470 
do. Mount Tabor, - 970 

In West Cambridge, near the S. W. line of the town, 920 
In Watertown, N. W. corner, - - 910 
In Charlestown, Prospect Hill, - 120 

do Winter Hill, - 120 
In Chelsea, Pulling Point, 84 
In Lynn, near Phillip's Point, - 195 

do. Near King's Beach, - 147 
do. A mile N. E. of Lynn Hotel, - 120 
do. Half a mile north of 125 
do. A mile north of 140 

In Marblehead, Legg's Hill, - 160 
do. Half a mile N. E. from do. 97 
do. Three quarters of a mile N. E. of the last, 105 
do. N. E. part of the town, - 195 
do. A little north of the village, - 190 

In Marblehead, on Marblehead N eek, - 197 
In Salem, east of Spring Pond, 197 

do. N. W. part of the town, - - 145 
do. S. E. part of the town, 175 
do. A little west of South Fields, - 186 

Some of the views from the hills around Salem, and those on the promon-
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tory of Marblehead, are of an imposing character. The extreme rockiness 
of the coast and islands, strikes the observer at first, as evidence of irreclaima
ble sterili.ty. But when he sees the luxuriant vegetation of every cultivated 
spot, and the pop~lousness and elegance of Salem and many of the neighbor
ing villages, the contrast increases his pleasure. 

Having thus noticed all the important hills and mountains in the State, 
with reference to views from their summits, I proceed briefly to sketch the 
picturesque scenery of particular districts. For we have not seen all that is 
interesting in the scenery of a country, when we have only looked over it 
from its elevated points. The ever varying prospects which are produced 
by those elevations, to one winding through the valleys among them, are 
often of the most romantic character. 

The Valleys of Berkshire. 

In exemplification of this position, let us suppose an observer to pass from 
"Williamstown southerly through New Ashford, Lanesborough, Lenox, Lee, 
Stockbridge, Great Barrington, and Sheffield. Till beyond New Ashford, 
he will be following one of the branches of the Hoosac river up the valley 
of Williamstown. On his right rises the broad slope of the Taconic range 
of mountains; while on his left, and near at hand, Saddle Mountain shoots 
up in imposing grandeur ; and more distant, through a lateral valley, a part' 
of the Hoosac range is visible. Jf it be spring, these mountain sides exhibit 
numerous species of trees and shrubs, emulating one another in putting on 
their parti-colored foliage; while here and there an Aronia, or a Cornus, is 
entirely clothed with white blossoms before the appearance of its leaves. If 
it be summer, these vast slopes are covered from base to summit with a 
vegetable dress, embracing every hue of green, from the dark hemlock and 
pine, to the almost silvery whiteness of the white oak and poplar. If it be 
autumn, that same foliage, now assuming almost every color of the spectrum, 
and of hues almost as bright,•presents one of the most splendid objects in 
nature. 

As the traveler approaches New Ashford, the hills crowd closer and clos
er upon his path, which winds among them in conformity with the sinuosities 
of the river : and a succession of romantic and Alpine beauties is constantly 
opening before him. 

Having reached the north part of Lanesborough, he begins to descend 
into the valley of the Housatonic, which gra<lually widens before him, and 
ere he reaches Sheffield, presents to his view a number of most delightful 
villages, generally in the vicinity of fertile alluvial tracts; while on every 
side, mountains of various altitudes and of almost every shape, form the out-

SS 
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line of the landscape. Where, for instance, does the traveler meet iu au.1 
part of our land with lovlier spots than Pittsfield, Lenox, Lee, Stockbridge, 

and Great Barrington! 
Another interesting excursion in Berkshire, is to pass from \Villiamstown 

directly to Hancock. This road carries the traveler through a valley very 
narrow, yet walled up almost to the heavens by different ridges of the Tacon
ic. 80 steep are the slopes on either hand, that cultivation is confined al
most wholly to the valley. This valley opens into New York and leads lo 
Lebanon Springs. 

If in passing southerly from Williamstown, we take the left hand road, we 
enter the deep valley in which is situated North and South Adams, between 
Saddle and Hoosac Mountains. In this valley, especially in the northern 
part of it, one of the most curious objects that diversify the sce11ery, is a 
large number of gravelly mounds, of conical shape, which might easily be 
mistaken, were it not for their great size, for the work of man : but which 
are really the work of water: having been unquestionably produced by that 
diluvial agency which has essentially modified this whole region. Plate 3, 
exhibits several of these mounds, occurring a little west of the village of 
North Adams. On the left, is the northern slope of Saddle Mountain : and 
on the right, the southern slope of Ball Mountain: while between them at 
a distance, is the Taconic range. The sketch was taken a few rods west of 
the village, and is a northwest view. 

On the east side of the valley, a little south of the village, many more of 
these mounds occur. Fig. 15, is a view of some of them as seen from th<' 
west, and looking directly towards Hoosac Mountain. 

Fi!; 15. 

Dilurial Hillock8: Adam8.-Mrs. JJitcltcock,dd. 

If we follow this valley southerly through Cheshire, we shall meet 11 ith 
much beautiful scenery; and if we turn still more to the left, and go to Dal-
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ton, through the Valley Road, it will become extremely wild and romantic. 
In passing from Dalton lo Lee, the country, though rougher, is quite striking . 
• \.nd from Lee to Stockbridge, it becomes highly picturesque. 

The existence of numerous large ponds in almost every part of Berkshire, 
often called lakes, gives to her mountains and valleys a yet more romantic 
and enticing aspect. For it is universally admitted, that water forms a most 
important part of a good landscape. And a mountain or a village seen across 
a sheet of water, appears doubly beautiful. Fig. 16, is a distant view of 
Tyringham, as seen across a pond, from the road leading from Sheffield to 
Otis. 

Fig. 16 

Distant Vie10 af Tyringham .. -.Urs. llitchcock1 del. 

Lenox has long been celebrated for its enchanting scenery; and the beau
tifi.11 ponds existing there are one of the most important constituents in its 
scenery. Fig. 17, is a view across what is called Smith's Pond. 

Fig. 17. 

Smith's Pond Ltnox.-.'tliss .U-
1 

del. 

Fig. 18, is a distant ,·iew of l\fount Everett, and other mountains in that 
t!irection, seen across Scott's Pond in Lenox. 
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Fig. IS. 

Scull's Pond and .Mts. in, .Mt. Wushinglon.-Miss .U-, del. 

Plate 7, is a view of Stockbridge Pond, in the north part of the town, 
with the surrounding scenery ; and will give a good idea of this kind of land
scape in Berkshire. 

Some sketches have been given of diluvial elevations in the north part of 
Berkshire. The same phenomenon is also met with in other parts of the 
county. The following sketch (Fig. 19.) exhibits them at the eastem base 
of Monument Mountain. 

Fig. 19. 

Dilul1ial Hillock!.: .Afonmnent Nt.-.llrs. Nitc/1cock,del. 

Valley of the Conneclicut. 

The circumstances that render the scenery of this valley so attractive to 
the man of taste, are the extent and fertility of its alluvial meadows; the 
prC'cipitous liolclness and irregular outline of its trap and sandstone ranges, 
already described; and the magnitude and beauty of the Connecticut, and 
of its principal tributaries, the "' estfiel<l and the Deerfield, winding through 
the secondary basins, which their waters or other ag~ncies haYe produced. 
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Let such a region as this be sprinkled over with villages like Longmeadow, 
Springfield, "\Vest Springfield, South Hadley, Amherst, Sunderland, 'orth
ampton, Hadley, Hatfield, Deerfield, Greenfield, and Northfield, and it needs 
the inspiration of poetry to describe its beauties. Unfortunately, howe•·er, 
the valley of the Connecticut remains yet to be described. 

Several of the villages above named are sufficiently elevated to overlook 
the surrounding region to a considerable extent, though neighboring moun
tains still tower above them; and thus are combined the beauties and ad
vantages of a location upon a hill, with those to be found in a valley. The 
upper terrace of Springfield, on which stands the United States Armory, is 
thus elevated. Still higher is South Hadley, with Holyoke and Tom half 
encircling it on the west and north, except where the Connecticut has open
ed a passage between these mountains; serving as a vista through which is 
disclosed at greater distance the Hoosac range ; and from the hill near Mount 
Holyoke Female Seminary in that place, is a landscape that will suffer by 
comparison with few others. From the Gymnasium on Round Hill in 
Northampton, is one of the richest views of fertile meadows, and mountains 
of fantastic shape, to be found in the country. From the Gymnasium at 
Amherst, is a similar prospect: and from the College tower in the same place, 
one of wider range and more imposing features. From the Female Sem
inary in Greenfield, a southern prospect opens of enchanting beauty. 

The opening of a new road along the banks of the Connecticut, in the 
northwest part of South Hadley, has brought to light (I mean, to my own 
eyes,) a most lovely landscape. Standing on the elevated bank and facing 
the northwest, you look directly up the Connecticut river, where it passes 
between Holyoke and Tom; those mountains rising with precipitous bold
ness on either side of the valley. Through the opening, the river is seen 
for two or three miles, enlivened by one or two lovely islands, while over the 
rich meadows that constitute the banks, are scattered trees, through which, 
half hidden, appears in the distance the village of Northampton; its more 
conspicuous edifices only being visible. Far beyond, and forming the re
mote outline of the picture, lies the broad eastern slope of the Hoosac moun
tains. (See Plate 1 V.) 

Another road has been recently opened on the banks of the Connecticut 
in the north part of Springfiekl, a mile or two below South Hadley Canal: 
and here, too, as you face the northwest, a landscape full of interest opens 
before you. In full view towards the left hand side of the picture, you have 
the Falls in the Connecticut and the entrance of the Canal on the north shore. 
A little to the right of the Canal, a well built village occupies a beautiful 
am pi theatre, \I hose elernted border is not less than 150 feet high, and most
ly crowned with oakes and pines. Beyond this, at no gre11t distance, how-
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ever, Mount Tom occupies the back ground with its bold and imposing out
line. 

Three miles southwest of Sugar Loaf, in Deerfield, that peak presents one 
of the most unique views conceivable. Its outlines are so regular, that were 
the traveler to meet with it in Egypt, he might, at first view, regard it as in
debted to human art, for its present shape. At any rate, in that country it 
would probably have been wrought into a second Sphinx, or some other gi
gantic monster. But to the student of nature it is no less interesting as the 
work of God. A little to the left, as seen from the place mentioned above, 
the southern point of the Deerfield Mountain, sometimes called North Sugar 
Loaf, appears, as well as the bold western front of that range for several miles; 
and a little to the right, across the Connecticut, Mount Toby is in full view. 
The sketch, Fig. 14, was taken considerably nearer to Sugar Loaf, and differs 
somewhat from the above description. 

A little north of Sugar Loaf, and on the eastern bank of the river, a south
ern view of great beauty is presented. You stand upon a ridge of rocks which 
forms a cliff on the ri\'er bank, a short distance beyond the village of Sunder
land, and there you see the river, for a mile in length, as far as SUI1derland 
bridge: while on the opposite side of the river, an oblique view is obtained 
of Sugar Loaf, and the south end of Deerfield Mountain, with a distant 
glimpse of the primitive range of Conway and Whately. The church in 
the latter place is just visible. Fig. 20, will convey some idea of this Land
scape. 

Fig. 20. 

Vif!ID 1lo1cn Ct. Rirf!r Sunderland.-lf. J. Van Ltnnqi, def 

In passing south from the village of Hadley towards Holyoke, just where 
the road comes upon the bank of the Connecticut river, an enchanting pros
pects opens to the south. A lovely island CO\'ered with grass and fringed with 
trees, is directly-before you, in the direction of the Gorge between Holyoke 



Ravine of Wes!field River. 259 

and Tom; the latter being upon the right, and the former upon the left. 
Plate 5, will give a good idea of this spot. 

The peculiar features of the Holyoke range, as seen from the valley on the 
north side, are shown in Plate 6. Its top will be seen to be exceedingly ir
regular. The depressions are valleys produced hy the erosive action of wa
ter, as will be more fully explained in another place; and the principal ob
ject in presenting this sketch, is to exhibit those valleys. Still, as an inter
esting landscape, showing some of the peculiar features of the valley of the 
Connecticut, it deserves a notice in this place. 

Fig. 20, is a northerly view from Wolcott Hill, about a mile south of the 
village in Springfield. A part of that village is shown, with the river and 
Mount Tom in the distance. But it conveys a very inadequate idea of the 
beauty of this prospect. 

Fig. 21. 

Piewfrom Wolcol Hill: Springfield.- II. J_ Van Lennep, del. 

Ravine of Wes!field River. 

Westfield river has found or formed a deep passage acro•s the whole east
ern slope of the Hoosac range of Mountains, through the towns of Westfield, 
Russell, Blanford, Chester, and Middlefield. The ravine through which it 
passes, is for the most part very deep and narrow, and cuts across, not only 
the general direction of the mountain ranges, but across the rock strata also. 
Hence it might be expected that the sides of this ravine would exhibit wild 
and interesting scenery. Nor will this expectation be disappointed, if the 
traveler follows the Pontoosuc Turnpike through this defile. Hills and 
precipices of every shape will crowd upon his path, now approaching so near 
as to form a narrow gorge, and now ger.tly retiring so as to leave room 
enough for some industrious farmer to erect his habitation, and gain a sub
sistence in the deeply embosome<l glen. In passing through such a region, 
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the man destitute of taste will be heard speaking only of the roughness, 
sterility, and gloominess of the country; while the man of taste and sensibil
ity will be absorbed in admiring its beauties and sublimities. 

It is an interesting fact that the Western Rail Road from Springfield to Al
bany, passes through the whole extent of this ravine: and when it is com
pleted, it will afford one of the most romantic trips in the country. Then, 
the citizen of Boston or Albany, in little more than half a day, will find him
self among scenery as wild and Alpine as almost any in the state: and that 
too with little more fatigue than if he had been sitting in his own parlor. 
At one moment he will find himself between mountains so high and so close 
upon his path, and so steep withal, as almost to exclude the sun: and yet ex
hibiting all their original wildness. Next a narrow valley will open before 
him: and the comfortable farm house, with cultivated fields, will afford him 
an enticing picture of rural retirement and happiness. 

11 Werethis 
Man's only dwelling, sole appointed seat, 
First, Inst, and single, in the breathing world, 
Jlcouldnolbemorequict: peace is here 
Or nowhere ." 

In another moment his eye will be arrested by the roaring cataract, plung
ing amid the jutting rocks. And then will the rocks close in upon bis path, 
standi!'!g upon either hand in frowning attitude, and crowned by overhanging 
trees, which only partially hide the ragged rocks upon the vast and steep 
slopes. Down these slospes, at intervals, he will hear the roaring cataract 
descend, while all along his path, will the principal stream assume a multi
tude of aspects: now heard only, not seen, roaring at the bottom of some 
dark gorge: now showing its silvery reflections among the branches of the 
trees: and now moving calmly through the cultivated glen. 

Such essentially will this ride be over an extent of nearly 30 miles: and 
when the traveler descends into the valleys of Berkshire, new and wider vis
ions of nature await him: so that even at rail road speed, I am confident this 
will be one of the most interesting routes in the United States. 

Ravine and Gorge ef Deetjield River. 

Quite as remarkable as that just described, is the gulf through which Deer
field river passes, in a southeast direction, nearly across the whole of the 
broad mountain range, between the Connecticut and Williamstown valleys. 
Perhaps the best route for visiting this ravine, is to take the turnpike road 
from Greenfield to Williamstown. On this road the traveler will not come 
upon the banks of Deerfield river, until he reaches the west part of Shelburne : 
but he will obtain a most delightful view of Greenfield, as he ascends the 
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high hills west of that place; and as to the defile, through which Deerfield 
river runs between Shelburne and Conway, it is so narrow, and the banks, 
of several hundred feet in height, are so steep, that it is difficult even ou foot 
to find a passage: though lull of romantic and sublime objects to the man 
who has the strength and courage to pass through it. From the we>t part of 
Shelburne, however, to the loot of the principal ridge of Hoosac mountain 
in Florida, a good road leads along the banks of the stream : though in a few 
places hard pressed between the hill and the river. In one spot it is actually 
sustained a hundred feet above the river, upon piles driven into the steep 
and naked declivity of a mountain slide. But through nearly the whole of 
Charlemont, the hllls recede so far from the river, as to form an alluvial 
valley of considerable width and fertility. The loftiness of these hills, how
ever, and the frequent openings of lateral rm·ines, through which the small 
tributaries of Deerfield river disembogue, keep the attention of the tasteful 
man awake. As he goes westward, these hills approach nearer and nearer to 
the river, become bolder in their outlines, and steeper in their declivities, till 
at length, in Zoar and Florida, they shoot up, sometimes a thousand feet high, 
in a variety of spiry and fantastic forms, and the traveler, as he looks for
ward, can often see no opening through which the river can find its way. 
T he murmuring of its waters, however, at the bottom of the gulf, sometimes 
swelling into a roar, as they rush through some narrow defile, tell him that 
they have found a passage. At length the road leaves the river, and ascends 
tne ridge, which in the vicinity is alone denominated Hoosac Mountain, and 
which is here 1448 feet above the river. It is well to follow this road at 
least to the height of a thousand feet, in order to look back upon the wild 
and singular grouping of mountains, among which this river has strangely 
found a passage: and also to get a view of some of those vast slopes of un
broken forest, which the sides of these mountains present; and which dur
ing the twilight, are most splendid objects. 

In two or three instances it has happened that I have passed along this 
ravine in the evening, when the moon was well above the horizon ; and I 
can truly say, that the wildness and sublimity of the scene were thereby im
mensely heightened: so that I felt it to be a privilege to be thus benighted. 

The bridge across Deerfield river is built in one of the wildest parts of 
this ravine; and having no piers, except at the extremities, it presents a singu
lar aspect. Fig. 21, is a sketch of it with the scenery around, as seen by an 
observer looking down the river. The hills shown at the right and left and 
beyond are very precipitous and very high. 

84 
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Fig. 21 

Vic1c of Zour Bridge.-.Alrs. lliUl1rock, dcl. 

Several miles higher up Deerfield river, between Rowe and Monroe, a bridge 
of a similar character occupies a simular situation. At that spot there is lit
erally no level ground on either bank : but the road down one of the long
est and steepest hills in Massachusetts,* leading from Rowe to l\Ionroe, pre
cipitates you at once upon the bridge, and the moment you reach the oppo
site shore, you commence ascending a hill equally long and steep. I think 
the view of this bridge, as you look down the stream, is finer than that of 
Zoar bridge: for not more than half a mile below the bridge at the former 
place, and nearly in a line with the river, there rises a sharply conical moun
tain to the height probably of a thousand feet. But I have not been able to 
obtain a sketch at this spot. 

Near the mouth of Deerfield River, in Deerfield, is a remarkable gorge 
through which that stream empties into the Connedicut. A greenstone 
ridge of SOO or 400 feet in height, has been cut through in some way or other, 
in width only sufficient to suffer the river to pass. This cut is in full view 
from the stage road between Deerfield and Greenfield, where it crosses Deer
field river. 

Fig. 22, exhibits this gorge as seen from the eastern side of the ridge. It 
shows also the confluence of Deerfield and Connecticut rivers, with the ro
mantic scenery around, and bridges across each stream: that on the right 
being built over the Connecticut, and that on the left over the Deerfield river. 
The mountains seen at a distance, through the gorge, are the primitive range 
passing through Shelburne. This is the most northerly point of steam nav
igation on the Connecticut. 

.. Passing down this hill soon aficr a heavy shower in a wagon, my horse in one place, having braced hi• 
legs firmly to hold back the load, waa nevertheless slid along several feet without stepping : yet this is the 
be1t road in 1\lassachusetts that leads into.Monroe. 
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Fig 22. 

Confluence of Du.rfirld and Co11nccticut Riurs.-.Mrs. Ilit chcock, dt.l. 

Valley of Woi·cester. 

Apart from human culture, this geographical center of l\Iassachusetts 
would present no very striking attractions to the lover of natural scenery. 
But this valley possesses precisely those features which art is capable of ren
dering extremely fascinating. And there is scarcely to be met with, in this 
or any other country, a more charming landscape than Worcester presents, 
from almost any of the moderately elevated hills that surround it. The 
high state of agriculture in every part of the valley, and the fine taste an<l 
neatness exhibited in all the buildings of this flourishing town, with the great 
elegance of many edifices, and the intermingling of so many and fine shade 
and fruit trees, spread over the prospect beauty of a high order, on which 
the eye delights to linger. I have never seen, in a community of equal ex
tent, so few marks of poverty and human degradation as in this '·alley. And 
it is this aspect of comfort and independence among all classes, that enhances 
greatly the pleasure with which every true American heart contemplates 
this scene ; since it must be considered as exhibiting the happy influence of 
free institutions. 

Valley of the Merrimac. 

The scenery along this river is characterized by beauty rather than sub
limity. The hills and mountains are rarely precipitous or very lofty: but 
generally of gentle ascent and capable of cultivation to their summits. The 
attractions of the landscape consist of a noble river, beautiful villages, an<l 
well cultivated fields and meadows. To the man who ]O\·es to see natural 
~cenery modified by human culture, and on every side the marks of an in-
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telligent and happy population, with manufacturing establishments uncom
monly flourishing, a ride down this stream on either bank, cannot but be highly 
interesting. And when he approaches the ocean, let him enter Newbury
port from the north, across the chain bridge, and he will have before him a 
delightful view of one of the most beautiful towns in New England. And 
if he wishes still farther to witness the riches of the surrounding scenery, let 
him ascend the tower of the fifth church in that place, and a wide scene of 
beauties on the land and on the sea-natural and artificial-fills the circle of 
his vision. 

Fig. 23, and Plate 8, are sketches taken from nearly the same spot : that 
is, from a point about, half way between Haverhill and East Bradford, not 
very elevated. On the left, and up the river, Haverhill is situated; and 
though partially hidden, is seen from this spot to great advantage. On the 
right, and down the river, the quiet village and church of East Bradford are 
seen: or rather, only a small part of the place is seen. But enough is visible 
to convey a good idea of a quiet and happy village: and I am happy to say, 
what can rarely be said, that the traveler finds upon acquaintance that he 
has not mistaken its character. 

Fig. 23. 

l'i eu; of Bradfurdfrom tlte lre~·l -J/. J l"un Luinep , dd 

From a hill a little south of Bradford meeting house, is a prospect still 
more extensive than from the point above mentioned. Rev. Mr. Perry in
forms me, that from that hill he has counted 100 meeting houses. From a 
hill a little farther east, the ocean is visible. 

There is an exceedingly beautiful landscape before you, as you ascend the 
Merrimac on its south side, and come to the R. Road Depot, half a mile south 
of the village of Tyngsborough. The river here makes a graceful curve, 
which produces an equally graceful cun·e in the rail road, while above both, 
upon the left bank, a few neatly built houses make their appearance, mingled 
with trees. The pencil might here be employed to advantage: but I ha,·e 
not been able to obtain a sketch of this spot. 
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COAST SCENERY. 

The connection between geology and scenery is no where more obvious 
than upon a coast, exposed like that of l\lassachusetts, to the powerful action 
of the waves. There you will find the headlands and promontories almost 
alwa)S resulting either from the occurrence of an anticlinal axis, running 
into the sea, directly or obliquely, or from an alternation of harder and softer 
rocks; or from the accumulation of sand and shingle by the action of waves 
and currents. No where have these agencies been more active, nor the di
verse power of resistance more obvious, than along the coast of Massachusetts. 
Jn vain have the waves for thousands of years spent their fury upon the un
yielding sienite of Cape Ann and Cohasset. Not so with the slaty and softer 
rocks of Boston Harbor: only fragments of which remain in the form of 
islands to attest the former continued existence of the same formations: 
while the sands of Cape Cod show whither the comminuted rocks hal'e been 
transported. 

Boston I/arbor. 

Let no man imagine that he has seen all that is interesting in the scenery 
of Massachusetts, until he has passed in various directions among the islands 
of Boston Harbor. Many of these islands are extremely unique in appear
ance, and in their varied grouping, as seen from a vessel moving onward 
among them, they present landscapes of the most picturesque character. 
Suppose a vessel to come into the harbor from the northeast. The islaml 
on which the light houses are placed, at the extremity of Cape Ann, is a 
striking object; chiefly because the waves have left scarcely nothing there 
but rock. Fig. 24, was sketched as we rushed past this island in a Steam-
l3oat. 

Fig 24. 

•I 
.I 
,J 

:/ 

E.ctumit;; of Cope .11111 .11a.~ .... 1cf1uutts.-Jlrs. Jlitrhrock 1 def. 

As 11e entered the Harbor, Fig. 2;) was sketched under similar circum
stances as Fig. 2-t I am not sure whether the islands represented arc Calf 
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Island, the Great Brewster, &.c. or Lovell's, Gallop's, &.c. for du1fog the few 
moments in which the work must be done, I had no one near me who was 
well acquainted with the harbor. 

Fig. 25. 

Islands in 801lon l!ttrbor.-}Jrs. I/itchcock, del. 

Wherever these islands are covered with sand or gravel, their eastern ancl 
northeastern sides present almost perpendicular cliffs, showing that the waves 
are wasting them away. This was shown strikingly in the last figure : and 
the same is seen in Fig. 26, which is a view of the islands as they appear on 
entering the Harbor through the usual channel from the southeast ; or pa't 
the Light Houses and Point Alderton. Sketches of this sort might be mul
tiplied greatly by a slight variation of the position. But the most important 
features have been exhibited. 

Fig. 2G. 

--'--~ 

Du111rl11lio11 1if hlo11d11 in Boston llurbor. -Airs. llitchcock, del, 

Jn all the views in Boston Harbor, when we look towards the city, they 
become doubly interesting. For a city seen from the water is usually an 
imposing object, when, like Boston, it slopes towards the shore, and its site 
is unequal. In this instance the venerable dome of the State House affords 
an appropriate crown for a noble city, and is visible from every part of the 
Harbor. 

View from the State House. 

Upon the whole, there is not a more magnificent prospect in Massachusetts. 
than that from the dome of the Slate House in Boston ; and it will bear a 
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comparison, it is said, with the most celebrated views of a similar kind in 
Europe. This noble building stands upon Beacon Hill, the highest spot in 
Boston: and the lantern upon its dome is about 200 feet above the harbor. 
From this elevation the whole of Boston, with its wharfs, shipping, and 
public edifices; all the islands in its harbor; the shores of the harbor lined 
with villages and cultivated fields; and within a circle of ten miles, not less 
thtin twenty villages, containing, with Boston, more than 150,000 inhabitants, 
are here surveyed at a glance. Almost every dwelling of this numerous 
population, is, indeed, visible: and it is rare to see in a circle of so small ex
tent, as many edifices so elegant ; and so few that indicate extreme poverty 
and wretchedness. So richly cultivated is the vicinity of Boston, that it has 
the appearance of a vast garden. Yet we <lo not see here the traces of that 
vandal spirit, which, in so many parts of our land, is making sad havoc with 
our groves and shade trees; but enough have been spared or planted in this 
vicinity to give a refreshing and luxuriant aspect to the scenery. 

The political and moral considerations which irresistibly force themselves 
on the mind when contemplating such a scene, cannot fail greatly to increase 
the pleasure of the observer. ·what a drawback upon that pleasure must it 
be, when the traveler is compelled to s~y, as he cannot but say, when gazing 
on a large proportion of the interesting scenery of the eastern continent, 

• Art1 glory, freedom fails, though Naturr still is fair.' 

On the contrary, how refreshing to the benevolent spirit, as it surveys from 
this eminence the dwellings of 150,000 human beings, to be assured that 
there is not a slave among them all; and that could the eye take in every 
part of the Commonwealth, it would read on every door post the inscription, 
'all men are born free and equal;' a maxim which exerts a talismanic in
fluence in defending the feeblest inmate against oppression. Nor should the 
observer forget, that this same maxim forms the basis of every law originating 
from the edifice on which he stands; and that it is not licentious liberty that 
is here enjoyed ; but liberty guarded by law, and sustained by law: and 
that it is the general prevalence of knowledge and virtue in the community, 
that renders it possible to sustain a proper balance between liberty and Jaw. 
Foreign nations may predict that our beautiful republican system will be 
ephemeral. It will, indee<l, pass away whenever unprincipled ignorance 
shall be permitted to bear sway. But so Jong as intelligence and moral prin
ciple predominatein the community, theark of liberty is safe. At any rate, 
it is certain that we do now enjoy the blessings of freedom, and the means, 
widely diffused, of intellectual, moral, and religious cultivation. As a con
sequence, contentment, competence, and happiness, are found even"among 
the lowest classes in the community. The traveler of a benevolent heart 
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will rejoice to see, as he wanclers over the hills and valleys of our Common
wealth, how very few in the community have not all the essential means of 
human happiness within their reach. He need not fear being cletained for 
clays in the wildest and most secluded part~ of the State. For scarcely 'rill 
he find the hut, where if really needing shelter, he will not find a welcome, 
and all that a temperate man needs to make him comfortable. A man who 
has frequently been thrown into such situations, or in other words, has had 
opportunity to learn the character and circumstances of the lowest as well as 
the highest classes in our community, will find his pleasure greatly heighten
ed in surveying our scenery. Let us hope that succeeding travelers, through 
many generations, may not be deprived of this same happiness ; and instead 
of indulging in gloomy predictions of the downfall of liberty, let every man 
strive to form and retain that intellectual, moral, and religious character, 
which is its only effectual support. 

But I fear that I am wandering beyond my appropriate sphere, by these 
remarks. I proceed to notice some other objects worthy the attention of the 
man of leisure and taste. 

Kew Bedford seenfro.m its Harbor. 

This flourishing place, already wearing the aspect of a populous city, is 
seen to great advantage in sailing up its harbor. As the ground on which it 
is built slopes towards the water, the various objects of interest are thus 
brought into view, rising above one another in a distinct and pleasing manner. 

Narraganset and Jlfount Hope Bays. 

An excursion from Taunton to Newport, Rhode Island, down Taunton 
river, and Mount Hope Bay, and especially from Providenee to Newport 
along Narraganset Bay, conducts the traYelcr among scenery of great beauty 
and loveliness. The fertility of most of the country, the neat villages along 
the way, the numerous irregular contractions and expansions of these bays, 
forming capes, isthmuses, promontories, bays and harbors, in miniature ; the 
islands that are occasionally interspersed, and the interesting historical associ
ations connected with that region, conspire to keep the attention alive and 
to gratify the taste. Mount Hope, the granite watch tower of the celebrated 
Sachem Phillip, still commands a fine prospect of the surrounding region ; 
and we see at once why that sagacious chieftain selected this place for his 
retreat. 

The north and south shores of Massachusetts Bay present much scenery 
of such a sui generis or peculiar character, as to render it extremely interest
ing to bne unaccustomed to it. As a general fact, there is so great a contrast 
in the appearance of the two capes which form this Bay, that a visit to the 
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one, only prepares the way for rendering more interesting an 'excursion to 
the other. "Ve will suppose the traveler to start from Boston anu first pro
ceed along the north shore of the Bay. 

Nahant. 

He will not fail to visit Nahant; which will be the first place of peculiar 
interest he will meet along this coast. It is a bold rocky promontory, con
nected by a low sandy neck of land with Lynn : or rather, it consists of two 
islands connected together, and with the main land, by ridges of sand and 
pebbles. At low water, a perfectly smooth beach of the finest sand is laid 
bare, which constitutes the road from the mainland; and this sand is so 
firmly compacted by the perpetual beating of the waves of the Atlantic, that 
neither horse nor carriage make scarcely a perceptible impression. Hence 
the ride becomes a delightful one; and although the promontory itself has a 
very barren and desolate appearance, yet the singularity of the surrounding 
scenery, the neatness of the houses, built in a peculiar style, and the wide 
extent of the horizon, conspire to render the prospect during the summer of 
a most attractive character. It is a place of great resort in the warmer 
months, and a steamboat plies daily between this place and Boston. 'l'be 
vicinity of the spacious hotel at Nab ant is very interesting to the geologist: 
but the particular characteristics of the rocks must be deferred to a sub.se
quent part of this Report. 

View from &111g1ts towards the Ocean. 

A little east of the meeting house in the retired village of Saugus, is a 
small but singular conical eminence, from whose summit the delightful view 
exhibited on Plate 9, opens towards the ocean. The objects most interest
ing are the river, \vith its graceful meanders, a part of Lynn near its mouth, 
the ocean beyond, and the promontory of Nahant. 

Cape ./J.nn. 
I have spoken of the rockiness of the coast in the vicinity of Salem. As 

we proceed towards Gloucester, which occupi_es all of what is properly call
ed Cape Ann, the ledges multiply; and on the Cape the forests are mostly 
cut down, while the surface is almost literally covered, either with rocks in 
place, or with bowlders of every size. In the northwestem part of Glou
cester particularly, the soil is almost wholly concealed by the countless num
ber of these rounded masses. Over nearly all the Cape, indeed, sienite of 
every description meets the eye in immense quantities; and the traveler 
naturally enquires whither the soil has been carried, which must once have 
covered the rocks; and what mighty flood of waters could have swept over 
this region with the fury requisite to produce such devastation. Scenery of 
this kind, would be regarded as extremely dreary, were not the desolation 

S5 
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carried to such an extent as to be interesting by its novelty. It is scarcely 
possible for any man, however little interested in the bizarre of natural 
~cencry, to traverse this region for the first time, without having his atten
tion forcibly and constantly directed to the landscape around rum. And 
hence this must be one of the best excursions for those afflicted with ennui, 
that can be found. 

It is not rocks alone that form striking objects upon Cape Ann. For in 
some places these are covered by pure white sand: producing a striking 
contrast to the rocky cliffs and bowlders. Fig. 27 is a northerly view of 
Squam on the northeast part of Cape Ann ; and it exhibits both kinds of 
scenery at one co1p d'reil. 

Fig. 27. 

Vino of Squam in Gloucesttr.-I/. J. Van Lenntp
1 

del. 

fhe sketch shown in Fig. 28 was taken a little south from the spot where 
Fig. 27 was drawn; and on the road leading to Gloucester. It will convey 
an idea of the appearance of hundreds of acres in that part of Gloucester. 
" 'hat a complete image does it present of perfect barrenness and desolation. 

"Farand near 
Wehaveanimageoftheprirnineearth, 
Thepfonetin ihnakcdnci;s." 

Fig. 28. 

Skttch on Capo .llnn.-Il. J, Van Ltnnq1, del. 
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Nanlasket Beach and Hull. 

Suppose now the traveler, for the sake of amusement or recreation, should 
proceed along the south shore of Boston Harbor and Massachusetts Bay. 
_.\dmiring as he passes the scenery of Dorchester, Quincy, and Hingham, the 
first objects that will have a peculiar claim upon his attention, are Nantasket 
Beach and Hull. 

To say nothing of the rocks, which at the head of this beach constitute 
almost the entire surface, rivaling even Cape Ann in this respect, and which 
on the shore present a remarkable and elegant variety of colors, the beach 
itself, not less than four or five miles in extent, is much more interesting 
than that leading to Nahant. The Light House and the Brewster and other 
islands in view, as one advances toward Hull, are picturesque objects; ancl 
then the pleasant and sunny situation of the little village of Hull, furnishes a 
convenient resting place for the traveler. 

In proceeding from this beach to Cape Cod, the observer should not fail 
to pass along the north shore of Cohasset-the most rocky place perhaps in 
the Commonwealth. 

Cape Cod. 

But after passing Duxbury, the region of sand and gravel commences; 
and to Provincetown, the extremity of Cape Cod, no genuine ledge of rocks 
appears; although bowlders of every size, over the greater part of the dis
tance, are common. 

The dunes or sand hills, which are often nearly or quite barren of vege
tation, and of snowy whiteness, forcibly attract the attention on account of 
their peculiarity: while the numerous windmills and vats along the shore, 
for the manufacture of salt, are scarcely less interesting to one not familiar 
with such processes. As we approach the extremity of the Cape, the sand 
and the barrenness increase; and in not a few places, it would need only a 
party of Bedouins to cross the traveler's path to make him feel that he was 
in the depths of an Arabian or Lybian desert. Very different from Bedou
ins, however, will he find the inhabitants of Cape Cod. In the midst of the 
sands he will meet many an oasis, where comfortable and not unfrequently 
pleasant villages have sprung up, inhabited by a people of mild and oblig
ing disposition, and not deficient in iqtelligence. A large proportion of 
the houses on the Cape are, indeed, but one story high. Yet they are for 
the most part convenient and comfortable ; exhibiting the marks of a thrift 
a11cl independence which one would not expect, when he considers the gen-
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era! barrenness of the landscape. I could name several parts of l\Iassachu
sctts, where the marks of poverty are far more striking than on Cape Cod. 

The sand is so yielding that the traveler will find it more convenient to 
leave his carriage 20 or SO miles short of the extremity of the Cape, and 
proceed on horseback: though it is practicable to proceed with wheels. But 
for seven or eight miles before reaching Provincetown, he must find his way 
along the margin of a salt marsh during ebb tide. During flood tide, he 
will be forced to wade through the loose and deep sand higher up the beach. 
The view of Provincetown along this course, is so peculiar, that the trav
eler feels himself amply repaid for his labor. A semicircular bay is en
closed on the north aud east by a sandy beach and low sand hills almost des
titute of vegetation, which seem to threaten, and do in fact threaten, to bury 
the village, and to fill the harbor. The houses, for a population not much 
short of 2000, are erected on the margin of this bay,just above the reach of 
the tide, and at the foot of the sand hills. These dwellings are almost as 
destitute of order in their position, as it is possible they should be : only one 
regular street, wide enough for carriages to pass, being found here.* But 
the most singular object in this place, is the numerous windmills erected be
tween the dwellings and the harbor, for pumping up the water into reser
voirs for evaporation. When set in brisk motion by the wind, standing as 
they do between the traveler and the dwellings, as he comes from the south, 
they give to the village a most singular aspect. 

The view of this town, which is given in Fig. 29, was taken from a point 
a few rods beyond the southeastern extremity of the village, and will give 
some idea, though an imperfect one, of those peculiar features of this 
landscape that have just been described. They are so unique and different 
from anything in the interior of New England, that a visit to this place by 
land in the summer would probably in many cases prove as effectual arem
edy for ennui and other fashionable complaints, as a resort to Ballston or 
Saratoga. A daily stage goes down the Cape as far as Orleans: and 
from thence every other day a waggon proceeds to Provincetown ; which 
might convey two or three passengers. From that place, packets run at ir
regular but not long intervals to Boston in a few hours. I do not doubt but 
this excursion, when the route becomes better known, will become quite 

• A ft!w years since even this did not exist ht>re 1 and the whole place could scarcely have been more ir
t<'gular, had the buildings all been constructed in the air and committed to a whirlwind lo locate. That por. 
lion of the surplus revenue of the United States which fell to this town was '\"ery wisely expended in con. 
1tructing a decent, though very crooked street through the whole town, and in forming a side-walk of plank 
Scarcely anything could have contributed more to the comfort and appearance of the place. In the town 
meeting in which it was decided lo mak(' this application of the surplus revenue, one of the speakera re· 
marked, that this money had proved a bone of contention in most places1 and for his part he thought the 

best place for a bone was under foot, and therefore should vote for constructing a side walk with these 
funds 
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common : and as the travel is increased, the means of transportation will be 

improved. Should it become sufficient to require a steam boat from Prov

incetown to Boston, I can hardly think of a route that would be more likely 

to interest and profit a large part of the community. · 

Fig. 29. 

View of Provincetoian.-Mrs. IlitcJu:oclr, dd. 

In crossing the sands of the Cape, I noticed a singular mirage or decep

tion, which was also observed by my traveling companions. In Orleans, for 

instance, where the ocean is within a short distance on either hand, we seem

ed to be ascending at an angle of three or four degrees ; nor was I convinced 

that such was not the case, until turning about I perceived that a similar as

cent appeared in the road just passed over. I shall not attempt to explain 

this optical deception: but merely remark, that it is probably of the same 

kind, as that observed by Humboldt, on the Pampas of Venezuela; "all 

around us," says he, "the plains seemed to ascend towards the sky." 

In crossing the island of Nantucket, in company with Dr. Swift of that 

place, I noticed the same phenomenon, though there less striking. After 

wards, I saw it for miles on the plain in the southeastern part of Martha's 

Vineyard. In the latter case, the plain was covered with low shrub oaks. 

Nantucket and Martha's Vineyard. 

If the traveler wishes to enjoy more of the peculiar scenery of Cape Cod, 

with some interesting variations, let him pass over to Nantucket and Mar

tha's Vineyard. The former island he will find to be an extended plain, 

15 miles in its longest direction, and but slightly elevated above the ocean; 

containing scarcely a tree, or a shrub of much size, except in the immediate 
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vicinity of the village. Scarcely a dwelling will meet his eye, out of the town, 
except a few uninhabited huts, scattered along the desolate shore, as a refuge 
to the shipwrecked sailor. Yet from 12000 to 14000 sheep, and 500 cows 
find nourishment on this island ; and in not a few places, especially in the 
immediate vicinity of the town, may be seen tracts of land of superior fer
tility. It will strike the traveler at once, as an interesting monument of in
dustry, that nearly every part of the <lwellings, stores, &c., for the accommo
dation of more than 7000 inhabitants, must have been transported from the 
Continent. And on acquaintance, he will find that they still retain the char
acteristics of industry and hospitality, for which they have long been known ; 
and that the usual concomitants of these virtues, general intelligence and 
strong local attachments, are not wanting. 

Gay Head. 

The most interesting spot on Martha's Vineyard is Gay Head ; which 
constitutes the western extremity of this island, and consists of clays and 
sands of various colors. Its height cannot be more than 150 feet ; yet its 
variegated aspect, and the richness of its colors, render it a striking and even 
splendid object, when seen from the ocean. The clays are red, blue and 
white; the sands, white and yellow ; and the lignite, black; and each of 
these substances is abundant enough to be seen several miles distant, arrang
ed in general in inclined strata; though from being unequally worn away, 
apparently mixed without much order. The top of the cliff is crowned by 
a light house, which commands an extensive prospect. Scarcely a tree is 
to be seen on this part of the island. It is owned and inhabited by the de
scendants of the Indian tribes, that once possessed the whole island. It will 
be seen in the subsequent part of my Report, that this spot possesses pecu
liar attractions for the geologist and mineralogist. 

I have felt quite desirous of obtaining a good drawing of Gay Head, as 
seen from the ocean: but have never been accompanied thither by an artist 
except once ; and then the wind was too powerful to allow putting off in 
an open boat. All, therefore, that could be done, was to take an oblique view 
of the cliff, as seen from a high bluff near its southern part, which advan
ces several rods beyond the general surface. Fig. 30, exhibits the northern 
and greater part of the Head, with the Light House, and beyond thi on 
the right, an Indian school house ; and still more distant, cliffs in Chilmark: 
while on the left, beyond the water, are seen some of the Elizabeth Islands 
and a part of Falmouth. Every lover of natural scenery would be delighted 
to visit this spot. There is nothing to compare with it in New England; 
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arnl probably not in this country. It corresponds well with the cliffs of the 
Isle of ·wight on the English coast.* 

Fig. 30. 

Gay/fwd . .'tl-,.s. Hitcltcud.1 d,l. 

"Ve have a few water falls in Massachusetts of sufficient magnitude to be 
denominated cataracts. And as we might expect in a mountainous region, 
cascades are numerous. 

Turner's Falls. 

These exist in Connecticut river, near the point where the towns of Mon
tague, Gill, and Greenfield meet. They are by far the most interesti!'!g 
water fall in the State; and I think I may safely say in New England. At 
least, to my taste, the much broader sheet of water, the higher perpendicu
lar descent, and the equally romantic scenery of the surrounding country, 
give to this cataract a much higher interest, than is excited by a view of the 
more celebrated Bellow's Falls on the same river, in Walpole, New Hamp
shire: and probably the latter are generally regarded as the most striking 
object of this kind in New England. 

Above Turner's Falls, the Connecticut for about three miles, pursues a 
course nearly northwest, through a region scarcely yet disturbed by cultiva. 
tion ; and all this distance it is as placid as a mountain lake, even to the 

• Aa it iscxtremelydifficult to land with n good sizt·d Uoat wilhin•e\•eral miles of Gay Head, the bt'stway, 
thou~h th e most expensive, of going thither upon the whole, is, to take passage at New Bedford in the 
1team boat, which touches at the other extremity of the lslaoJ, where a carriage can be procured to go to 
the !lend . lt i11to be regretled, however, that the road !or the last five or six miles ia ao rough and 
crookrd, lhat a guide and considerable courage arc indispensable. Not less than 17 pairs of bn.rs must bl;t 
gone through . At the ll ead, the traveler can be very comfortably lodged with an Indian by the nunt> of 
'fhomaa Cooper. So farna J have had intercourse with lhe aboriginees residing here , I have been very fa. 
vorably irnprcHed with their Phrewdness, industry, temperance, and gcne1al moral and religious character ' 
aeacommunity. 
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verge of the cataract. Here an artificial dam has been erected, more than a 
thousand feet long, resting near the center upon two small islands. Over 
this dam the water leaps more than SO feet perpendicularly ; and for half a 
mile continues descending rapidly and foaming along its course. One hun
dred rods below the falls, the stream strikes directly against a lofty green
stone ridge, by which it is compelled to change its course towards the south 
at least a quarter of a circle. 

The proper point for viewing Turner's Falls, is from the road leading to 
Greenfield, on the north shore, perhaps 50 rods below the cataract. Here 
from elevated ground, you have directly before you, the principal fall, inter
sected near the center by two small rocky islands, which are crowned by 
trees and brushwood. The observer perceives at once that Niagara is be
fore him in miniature. These islands may be reached by a canoe from 
above the falls in perfect safety. Fifty rods below the cataract, a third most 
romantic little island lifts its evergreen head, an image of peace and securi
ty, in the midst of the agitated and foaming waters, swiftly gliding by. The 
placid aspect of the waters above the fall, calmly emerging from the moder
ately elevated and wooded hills at a distance, is finely contrasted with its 
foam and tumult below the cataract. 

The country around these falls is but little cultivated. On the opposite 
side of the river the observer will, indeed, perceive a few dwellings and 
the head of a canal: But a little beyond, wooded elevations, chiefly covered 
with evergreens, terminate the landscape; while in every other direction, 
the scenery is still more wile] anLl unreclaimed from a state of nature. 

A sailing excursion from the falls, three miles up the stream, has all the 
attractions of a passage over a mountain lake, and probably the coves along 
the shore furnish as good spots for fishing as now exist in the river. The ge
ologist too, will find the vicinity of these falls full of interest-but of this 
more hereafter. 

Three miles above Turner's Falls, Miller's river empties into the Con
necticut, over a clam about ten feet high. I apprehend these falls have been 
confounded with Turner's; and hence the latter are sometimes called Miller's 
Falls. They cannot, however, be said to have as yet any well established name. 
For a reason which will be mentioned below. 1 ventured some eighteen 
years since, in a geological account which I published of the Connecticut val
ley, to denominate these falls, Turner's Falls; and Gen. Hoyt, in his Histo
ry of the Indian 'Vars, has given them the same designation. I am aware; 
however, how very difficult it is to make popular and prevalent, a new name 
for any natura~object; although in the present case, I doubt not, that every 
man acquainted with the history of this spot, would say that to prefix the 
name of Capt. Turner to this cataract, is appropriate and just. 



Holyoke's Falls. 

About 170 years ago, a party of Philip's Indians, having joined those lfr
ing in the vicinity, resorted to these falls to take fish. On the 17th of ?llay, 
Capt. Tumer, from Boston, marched from Hatfield, with 150 men, and came 
by surprise upon the Indian camp the next morning at day light. The In
dians being totally unprepared for an attack, fled in every direction; some 
springing into their canoes without paddles, were precipitated over the falls 
and clashed in pieces. Three hundred Indians, and but one white man 
were killed. Y ct the Indians who escaped, being joined by others, fell upon 
Turner's party as they were returning, and made a dreadful slaughter among 
them; killing thirty seven, among whom was Capt. Turner. \Vill not the 
public do the justice to this brave but unfortunate offtccr, to send down his 
name to posterity, associated with that of the spot where he conquered 
and fell! 

During high water, the roar of Turner's Falls may be heard from six to 
ten miles. The magnificence of the cataract is greatly heightened at such 
a season. 

In order to visit Turner's Falls, one must turn aside from every great 
public road; ancl although but four miles from the village of Greenfield, 
this circumstance shows why they are so seldom resorted to by travelers. 
They are exhibited on Plate 10, as seen from the north shore below the cat
aract. Since the sketch was taken, I believe some few alterations have been 
made in the buildings upon the opposite shore. 

Holyoke's Falls. 

For two miles below Turner's Falls, the river presses hard upon a trap 
riclge, whose base is thus almost entirely denuded of soil, and the bed of the 
stream is too rocky and to rapid too admit of navigation ; so that scarcely a 
spot in the state can be found so unfrequented as this. It was not till since 
the publication of my former reports, that I discovered the existence of an
other cataract about a mile below Turner's Falls, which, although less inter
esting than Turner's, is yet worthy of notice. The river is there divided 
by an island, as at Turner's Falls : but it is only the fall on the eastern branch 
that can be seen to advantage. 

Plate 11, shows· these falls as they appear upon the shore of the ril'cr a 
few rods south. Although the descent of the water is small, yet the pro
jecting rocks from the bottom and the banks, the undisturbed forest tree~ 
upon the shores, and the distant blue hills, render the ' 'iew highly roman
tic and deserving the attention of the man of taste. The road from Green
field to lloston passess within half a mile of the spot, and the tra1·cler can 
leave his carriage at ~~e public house near the bridge over Connecticut ri1·c1-. 
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Associated with Capt. Turner in the expedition against the Indians at thl' 
upper falls already described, was Capt. Holyoke of Springfield. During 
the engagement at the falls, he was particularly forward and courageous; 
having it is said, killed five of the enemy with his own hand. And after 
Turner's reverse, Holyoke co1·ercd the rear; and after Turner's death, lw 
assumed the eomm:mJ and brought off the party successfully. If, the1·p
fore, Tumer deserves to have his uame associated with the upper falls, cc1·
tainly none will refuse the honor to Holyoke, which I now propose, by con
necting his name with the lower falls. 

Mitineaque Falls. 

About a mile west of the villa~e of \Vest Sprin3ficld, Agawam ril•cr falls 
a few feet, and recently a dam has been erected of considerable height, so 
as to make a cataract of no small interest. The Spot is 'also attractive to the 
geologist, as the subsequent parts of my Report will show. Fig. Sl, will 
com·ey a good idea of the general features of this spot. 

Fig 31. 

.lllitineuque Falls: II. S11ringfidd.-ll. J. I un Lemu:p1 def. 

Salmon Fctlls. 

Following up Agawam river beyond Westfield, (where it takes the name of 
\\' estfield rfrer,) until we come to the place where it issues from the moun
tains in Russell, and we shall there find Salmon Falls. It is a romantic spot; 
although the fall itself is not very imposing. But the rugged rocky island at 
the precipice, the Feeder to the Farmington and Northampton Canal, 
which is here commenced, and the grandeur of the surrounding moun
tains, powerJully awaken and keep alive the attention. Fig. S2, con
veys but a poor idea of these falls, because it was taken at a point from which 
only a part of the objects above alluded to could be seen, and also because it 
is not very accurate. 
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Fig. 32. 

Sulmon Fulls, on Westfield Riur. 

Great Falls. 

A few miles beyond Salmon Falls, but still within the bounds of Russell, 
another cataract of still greater interest exists on \V estfield River. This is 
called Great Falls ; and is at Gould's Mills, near the northwest corner of 
Russell. The bed and banks of the river here, as well as at Salmon Falls, 
are composed mostly of white coarse grained granite. This, as well as the 
slate rocks connected with it, is swept of soil, and deeply worn down in 
such a manner as to leave masses projecting from the sides and bottom of the 
river. At high water the falls are very imposing, and at low water the rocks 
just described, which show the powerful effects of water upon the solid frame 
work of the globe, arc scarcely less interesting. The mountains around and 
ahead, as we look up the stream, are of the usual magnificent character ex
hibited in this ravine. Plate 12 exhibits Great Falls, as seen from a project
ing point several rods below, on the eastern bank. The rail road cars arc 
placed where the road is located; and where they will doubtless be seen 
in the autumn of 1840. 

Pawtucket Falls on .Merrimac River. 

Pawtucket Falls, though of no great elevation, have given rise to the city 
of Lowell : for without them no water privilege would exist there. A little 
below the falls, a bridge is built across the river; and a little above them, is 
the head of Middlesex Canal. The bottom of the stream is composed 
of rocks, whose ragged aspect is finely contrasted with the smooth water and 
beautiful banks extending se,·eral miles above the city. Fig. SS, was sketch
P<l considerably below the bridge on the north bank. 
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Fig. 33. 

Pu1f:lllcket Fulls: Lowell.-1:1.J. l'an Ltnntp, del. 

Near the mouth of Concord river, which empties into the Merrimac, a 
little to the east of Lowell, is some scenery and one or two cascades well 
worthy of a visit. The deep cut for the rail road through the mica slate, a 
little south of the city, may be also mentioned as a place of interest, especially 
to the geologist. 

Spicket Falls. 

Spirkct ri1'<'r is a tributary of the l\Ic"·iniac on the north side; and a 
f~w miles above its mouth, near the center of l\Icthuen, it falls SO feet; part
ly howe1·cr over an artificial dam. A llou1·i~·hing manufacturing village has 
grown up around these falls: and although somp11·hat moclilied in appear
ance by the hand of nian, they fonn an object of no little iuterest. Fig. 34, 
will give an idea of their prnminent features. 

Fig. 3.!. 

Spickel Falls: iUttltuen.-JJ. J, Vern. Ltnntp,del. 
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Falls in Fall River. 

Fall River is a small stream on the borders of Rhode Island, in the county 
of Bristol, emptying into Taunton River at the village of the same name. 
It takes its rise in a pond only a mile or two back of the town: but being 
precipitated down the bank at least a hundred feet, in the distance of as 
many rods, it forms a water privilege of great power, which has been most 
thoroughly improved. The exten•i1·e factories built of the excellent granite 
which is here so abundant, arc usually place<l directly across the stream; so 
that when the whole of the water has been made to turn the machinery of 
one establishment, it passes into another immediately below it, to perform 
the same office; and so on, till it reaches Taunton river. The fall, therefore, 
which must originally have formed a beautiful cascade, is almost entirely lost. 
But when we see how beautiful and extensive a village has been the conse
quence, we submit without murmuring to the loss. And besides, the fine view 
of Mount Hope Bay, with numerous other objects bordering the river, make 
the prospect from this village a delightful one. 

h1dia11 Orchard and Falls on Chicopee River. 

In the vicinity of Putt's Bridge, which crosses the Chicopee river from 
the northeast part of Springfield into the southwest part of Ludlow, is a 
manufacturing village; and at least two interesting falls of water. The 
principal one lies half a mile <lown the stream from the village, and the spot 
goes by the name of Indian Orchard. Fig. 35, is a view of this spot from 
the high bank on the north shore, a little below the falls.-Standing there 
yon see the water pouring down a steep though not perpendicular declivity 
of sandstone, and issuing from a deep gorge which its waters have worn in 
the rock. Just below the falls, the waters form a beautiful basin, with a love
ly island near its center, and surrounded on the south and west by an un
broken forest; so that at this place you scarcely see the marks of human 
aget.cy at all. The contrast between the waters as they they issue foaming 
and dashing from the gorge and down the steep, and those same waters as 
they lie almost without a ruffle in the basin below, beautifully reflecting the 
surrounding hills and trees, is extremely pleasing. 
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[f we quit the spot whence the above was taken, and approach the place 
where the waters issue from the gulf which they have cut in the rocks, "" 
shall find on the nol'lh side, an overhanging precipice of some 50 or 60 feet, 
whose edge it needs some nerve to approach, and steadily to look over. Fic,. 
36, is intended to show the manner in which this sandstone cliff hangs over 
th<' water. 

Fi!! 3.i 

/'alls ot lndtan Orchard.- II ./. Vun Lennep, del. 

It is interesting to follow the deep windings of the river from these falls 
to l'utt's Bridge, m·ershadowed as it is by thick forests most of the distanc(, 
and often presenting romantic views. \Vhcn we reach the first factory upon 
its bank, from a point of land projecting into the river, a little below th<' 
buildings, we get a pleasing view of another fall with Putt's Bridge passing 
over the river in the vicinity. And though to the lover of nature in hrr 
wildness, the b11ildings upon the banks detract from the beauty of this spot. 
yet the landscape is by no means to be despised. Fig. 37, is a representa
tion of it as seen from the point above named. 



Cascades i11 Royalston. 

Fig. 37. 

l"iew ut Puu's Jlridgr: l111L1u10.-// J. Viw lt11ntp, del. 

Upon the whole, Indian Orchard and its \' icinity arc well worth the atten
tion of the man of taste. A half <lay may be spent here in a most agreeablr 
manner, and I am surprised that it is not more known and visited. 

Gorges and Falls in Royalston. 

There are at least three water falls connected with deep gorges in Royal
ston, that are well worthy the attention of those who are fond of wild natural 
scenery. About a mile west of the meeting house and center of the town, 
is a deep valley running north and south, nearly across the towu. Near the 
meeting house is a pond which empties itself into this valley by plunging 
mpidly down a steep declivity, which must be 800 or 1000 feet high. It 
there empties into another large pond, or rather a remarkable expansion of 
a small tributary of Millers' river. At one part of the descent of the brook 
above named, it falls at least 200 feet by several leaps, within a distance of a 
few rods, forming several very beautiful cascades. Here the original forests 
have not been disturbed. The trees overhang the murmuring waters, half 
concealing the stream, while brnken trunks are plunged across it in all po
sitions. 

In the extreme northwest part of the town, on the farm of Calvin Forbes, 
a gorge and cascade exist of still greater interest: one of the finest indeed in 
the state. The stream is not more than 10 feet wide at the spot, but it de. 
scends 45 feet at a single leap, into a large basin, which from its top has been 
excavated by the erosion of the waters. The sides, to the height of 50 or 60 
feet, are formed of solid rocks; DOI\' retreating and now projecting: crowned at 
their summit by trees. l\Iany of these lean o,·er the gulf, or ham fallen across 
it; so that upon the whole, the scene is one of great wildness and interest. 
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Plate 13, exhibits this spot as seen from below the falls. It certainly de
serves a name; anrl until a better one shall be proposed, I would sug~est 
that of The Royal Cascade; partly in reference to the name of the town in 
which it is situated, and partly in referPncc to its royal character. 

Two miles south of Royalston center, on the road leading to Athol, is an
other cascade on a larger stream. Its width indeed, must be as much as 25 
feet, and the depth considerable. In a short distance the water here de
scends, at several successive leap>, as much as 200 kct, between high walls of 
gneiss and granite. Towards the upper part of the descent, several mills 
are erected: but a small part only of the waler power is employed. Below 
the mills, the stream passes into the woods : and towards the lowest part of 
the descent, we get a single view of two falls of about 25 feet each. This is 
sketched on Fig. 38, from which it appears that there is more of beauty and 
less of wildness at this spot than at the Royal Cascade. This stream also 
has been, and still more extensively can be, applied to useful purposes. Per
haps tnerefore, considering the character of our political institutions, and our 
well known reputation for utilitarian tendencies, this, rather in contrast to the 
Royal Cascade, may be denominated the Rep11blican Cascade. But if I can 
induce persons of taste and leisure to visit it, I care but little for the name. 

Fig 39. 

Cascade: Royalston.-H. J. Van lennep, dcl. 

Falls at So11th Hadley in Connecticut River. 

The descent of the water here being but a few feet, these falls do not in 
themseh·es possess any great interest; and yet, as one of the objects in the 
beautiful landscape which has already been described as existing at this place, 
their absence would be sensibly felt by the man of taste. Fig. 39, will con
vey some idea of this spot. 



Glen in Leyden. 

Fig. 39. 

&utk Hadley Carwl.-.1/rs. /littlt.cock
1 

dd. 

Shelburne Falls. 

These occur in Deerfield river where it enters the narrowest part of that 
tleep ravine in the primary strata, between Shelburne and Conway, which 
has been already described. As a mere object of scenery they are not so 
striking as Turner's Falls; though they exhibit not a little of wildness and 
sublimity; and they are especially worth a visit from the geologist, as afford
ing a good exhibition of the effects of a mountain torrent upon the hardest 
of rocks. 

The Gorge, or Glen in Leyden. 

In the south part of Leyden, a large brook has worn a passage from 10 to 
20 feet wide, and from SO to 50 feet deep, in the strata of argillo-micaceous 
slate. The layers of the slate are nearly perpendicular, and it is traversed 
by numerous cross seams, into which the water penetrates, and in winter 
freezes, expands, and thus assists in rem<Jving mass after mass of the rock from 
its place. A slight inspection of the place will show that such was the mode 
of its formation; although one cannot but perceive that a great length of 
time was requisite for the whole process. There is not the slightest ap· 
pearance of any convulsion at this place, since the original elevation 
of the strata. The correspondence between the salient and reentering angles 
on·opposite sides of this stream, is no greater than exists in every stream; 
and all the appearances at the place forbid the suppo,ition often made that 
these sides have been separated from each other. The length of this gorge 
is from SO to 40 rods. Above is a deep glen ; and below, the stream passes 
through a deep ravine. Two water falls near the lower part of the gorge 
add much to the interest of this spot. And although the geological chronom
eter here exhibited, is to the reflecting mind, its greatest attraction : )'Ct the 

S7 
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wildness and ruggedness of the scenery draw not a few visitors. The term 
"glen," usually applied to this spot, is certainly a misnomer. For it is a g~r~e 
connecting a glen with a ravine, Fig. 40, was sketched below the prmc1-
pal cascade. 

Fig. 40. 

Gorg~ or Glen,: Leydm.-.Mrs. Jlitdcock, del. 

Cascade in Leverett. 

I have recently ascertained the existence of an interesting water fall on 
northeast side of Mount Toby, in Leverett. The conglomerate rock of that 
mountain has been subject to powerful abrasion in early times; and being 
divisible into masses of great thickness, by fissures nearly perpendicular to the 
horizon, the sides of the mountain frequently present perpendicular walls of 
solid rock, and sometimes a succession of precipices in the form of vast steps; 
while the huge fragments that have fallen down, lie scattered along the base. 
Such is the case at the spot above referred to: where a large brook, called 
"roaring brook," comes tumbling down by a few successive leaps from the 
height of 200 or 300 feet. The waters have worn deep chasms in the rocks, 
and the scenery around is of the wildest and most romantic character. Every 
thing there-the lofty forests-the overhanging precipices-and the accumu
lated rocky masses below-remain unmodified by the hand of man, just as 
the mighty agencies of nature have left them. This will be obvious from 
Fig .. 41. 
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Fig. 41. 

Cascade in. Le1Jereti.-H. J. Van Lumep, dd. 

Cascade, Natural Bridge, and Fissure, on Hudson's Brook. 

The present falls on this rivulet, which runs through the north part of 
Adams, are of far less interest than the deep chasm which its waters have ex
cavated in the white limestone. This limes.tone terminates on the south in 
a high precipice, over which the stream once fell. But it has worn a fissure 
from SO to 60 feet deep, and SO rods long, in this limestone, and left two 
masses of rock connecting the sides and forming natural bridges : though the 
upper one is much broken. The lower one is arched, and the stream at pres
ent runs 50 feet below it The medium width of the stream is 15 feet. 

Within a few years past, the drill of the quarryman has-begun its assaults 
upon the beautiful white limestone that forms this natural bridge, and the 
walls of the gorge: and although the intelligent proprietor, whom I met there, 
partially promised me that he would not mar the beauty of this spot, yet the 
deep inroads already made upon the upper part of the cliff, are fearfully om
inous of the fate of the whole. As I saw it last, the clearing away of some 
of the rock had brought the natural bridge more distinctly into view. Yet 
the next advance would take it entirely away. And lest this sho'uld be ac
complislred before a skillful artist shall visit this spot, I thought it better that 
a sketch should be taken by one not at all accustomed to drawing; than that no 
memento should be left of this interesting place. Such a sketch is shown in 
Fig. 42. 
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Fig. 42. 

JVaturalBridge: Jlda1111. 

Umpachena Falls. 

The U mpachena is a small stream, rising in the east part of New J\Iarlbor
ough, and passing westerly, unites with the Konkapot; which is a tributary 
o~ <he Housatonic. Both these streams take their names from those of In
dian chiefs, who formerly had possession of that region. Towads the west 
part of New Marlborough, the Umpachena falls over hm·izontal strata of 
quartz rock, by two leaps, to the depth of ab:mt 30 feet, the upper cataract 
being 10 feet. Although there is nothing very striking about these 'falls, 
yet there is enough that is peculiar to make them worthy the attention of one 
who would not pass by any of the interesting natural objects of Bcrksliire 
County. 

Bashapish, or Bash-Pish Falls and Gorge. 

Bashapish or Bash-Pish Falls and Gorge, are upon a small, and so far as I 
could learn, a nameless stream, passing westward from the center of J\lount 
Washington, through the Taconic range, into New York; near the line of 
which, they occur. Although the most remarkable and interesting gorge and 
cascade in Massachusetts, it was only by accident that I learnt their existence, 
after having been in J\Iount Washington for sometime. And at that time, I 
could scarcely find any one in the neighboring towns who had heard of th'· 
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spot. I give the name as I heard it pronounced. I shall not undertake to 
decide upon its etym_ology : though I perceive that some would derive it 
from the German, and others from the Indian. I wish the name were better: 

but it is not so bad as it might be; and it will probably oe no easy matter to 
alter it. Whatever may be thought of the name, however, all I think who 
visit it, will consider the place itself as highly interesting. But it is quite 
difficult to convey an adequate idea of it by simple description. 

In the first place, it is an enterprise of no small magnitude to get to the 
spot; especially for ladies: none of whom but the most resolute and vigor
ous should attempt it, until the roads are improved, or rather made: for the 
main difficulty is, there are no roads that are tolerable for carriages within 
two miles of the place. A few years since there was a very decent road 
from Copake in N. York, it being only four miles east of Miller's tavern. 
Bat the powerful rains of the summer of 18:!8, completely ruined it, so that 
it will be quite as easy to make a new one as to repair the old one. The 
best ..;ourse to reach this spot, is to go into Mount Washington from Egre
mont, as already described in another place, and when you have proceeded 
as far as the first school house, you will find yourself in the vicinity of a Mr. 
Schott; at whose house it is better to leave your carriage, and go on foot the 
remaining two mili;s. The course lies mostly through the woods, and passes 
near the thermal spring that has been described in the first part of my re
port. A little beyond this, and just west of the highest ridge of the moun
tain, where is some cleared land, a very commanding prospect opens into 
New York, through the deep valley which is formed by a small stream, 
bounded on the right aml left by the steep slopes of the mountain thus dis
severed, and showing ridge beyond ridge, and checkered with woods and 
cultivated fields, and now and then a sheet of water, until at length the noble 
Catskill looms up above everything else in the far distant horizon. Fig. 
43, will give some idea of this exhilarating prospect. It deserves to be sketch
ed and engraved in a better style. 

Fig. 43. 

Distant View (If the Cullikilfsfro1n Jtll. IVa;,/dti,;ton.-fl. J. Van Le11nep, ~el. 
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After leaving this spot, you descend a steep hill, nearly 2000 feet, and find 
yourself on the margin of a small stream, not much more than a rod wide, a 
little above the point where it begins to plunge and roar down the deep and 
dark gulf. For a few rods it descends rapidly towards the west, between per
pendicular walls of rock, nearly 100 feet high. This rock is talcose slate, 
whose layers he_re stand nearly perpendicular, and run north and south, that 
is, across the course of the current. But ere long the descending stream 
strikes against a perpendicular mass of rock, which it has not yet been able 
to force out of its place, ~nd is thereby made to turn almost at right angles to 
the left, and then to rush down a declivity sloping at an angle of about 80°, 
in a trough between the strata. This fall cannot be less than 50 or 60 feet; 
and here the water has performed its greatest wonders. Having for centuries 
been dashing against the edges of the strata, while at the same time its bed 
has been sinking, it has worn out a dome shaped cavity to the depth of 194 
feet; that is, measuring from the top of the overhanging cliff to the foot of 
the fall. By creeping along the south side of the stream, where the wall is 
nearly perpenilicul?r, one can descend to the bottom of the fall; and there 
he finds himself at the foot of a vast wall of rock, which as he faces the 
northwest, whither the stream turns its course at the foot of the fall, encloses 
him on the east, south, and west; and as it rises, it curves outward, so that 
when he looks up, he sees it at the height of nearly 200 feet, projecting be
yond the base as much as 25 feet. A man in such a spot cannot but feel in 
some measure his impotence: for should only one of these overhanging 
masses fall, he knows that it would grind him to powder. And when he sees 
numerous fissures running through the cliff, he cannot feel entirely safe: or 
rather, it requires several visits to the spot to get his nerves accustomed to the 
slight danger that exists. The spot where he stands the sun never visits, 
except by reflection : and he seems to stand at the further extremity of a 
vast oven, or rather a bathing house. The only opening is down the stream, 
which continues to descend by successive cascades, until soon it is hidden by 
the vast blocks of stone, which are there accumulated, and by the overhang
ing trees. The banks on either hand rise in a very precipitous manner: 
and through the opening between them, the eyes rests upon a lofty slope, al
most naked of trees, at the distance of nearly a mile. I consider the view from 
this spot through this opening to be very grand and striking ; and therefore 
Fig. 44, though sketched by an unskilful hand, is given. On the right is seen 
the cascade above described, with the steep hill down which it rushes. On 
the left hand, is seen the lofty and even overhanging rock that forms the 
other bank, while between them in the distance, rises the vast slope of a part 
of the Taconic range and intercepts the view. 
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Fig 44. 

Basho.pish Upper Fa.Us. 

Following the small stream still farther down from this upper fall, we find 
it rapidly descending by several smaller cascades, which together amount to 
at least 50 feet, half hidden by huge bowlders, and overhanging trees. At 
length we arrive at a larger and in fact the principal fall. The water which 
is divided into two parts by an enormous bowlder poised upon the brink, here 
falls over a nearly straight and perpendicular precipice of about 60 feet, into 
a deep basin, two or three rods across. Below these falls, andfrom the north 
bank, the view on Plate 14 was taken. This shows beyond and above the 
falls, the high and overhanging precipice above described, on the south side 
of the stream ; and in fact, the best general view of the whole scenery of this 
spot may be obtained at this place. But no single view can take in only a 
small part ot that scenery. Below these falls, the water continues to descend 
and forms several cascades, which in other places would be of interest: but 
here they are scarcely worth visiting after a person has seen ,those which I 
have described. 

The object, which I think most persons would regard as the most strik
ing, remains yet to be visited. Let the observer either follow back the rough 
path he has just trodden on the south side of the stream, or follow by a circuit
ous route the north bank, until he reaches the spot above the upper falls 
where he first entered the gorge, and there he will find a steep foot path that 
will conduct him to the top of the precipice that overhangs the upper falls 
sketched on Fig, 45. This is mo tly covered by bushes: yet in one place 
he can advance to its very edge, and as the edge projects upwards a little, it 
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is well adapted to prevent one from falling over: as may be seen on Fig. 45, 
which will give an idea of the situation of the observer as he looks down 
into this gulf. On letting down a stone from this spot, with a string attached, 
I found that it required a length of 194 feet before the water was reached. 
I have scarcely ever felt such a creeping and shrinking of the nerves and 
such a disposition to draw back as here. Even though I took hold of bushes 
with both hands, I could not comfortably keep my eye turned long into the 
frightful and yawing gulf: for it seemed as if it needed only a stamp of the 
foot, or perchance only my weight, to cause the rock on which I stood to fol
low the example of multitudes of the same kind that were strewed at its 
base. Still I suppose the actual danger to be quite small. 

Fig. 45. 

Section at Bushupish Upper Falls. 

Many persons, who visit these falls do not ascend this precipice. But they 
thus lose more than half the interest of the scene. Others examine the sev
eral objects in a reverse order from that which I have described: that is, they 
go first to the lower falls and follow the stream upwards. But I am inclined to 
beleive that the effect is most favorable to follow the route which I have describ
ed. I have now visited the spot three times, and with scarcely any diminution of 
interest. But I feel the poverty of description for delineating such scenery. 
From the top of the highest precipice to the foot of the lower falls, I esti
mate the perpendicular height to be about 820 feet. 
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From the account which I have given of Mount Washington, it appears 
that the town contains an unusual amount of objects of scenographical inter
est. To examine the most important, two days at least are indispensable : 
one to ascend Mount Everett, and the other to explore the scenery of Bash
apish falls. To one who has a ta~te for the wild, the romantic, and the 
grand in nature, those two days will be a season of delightful emotions. 

CAVERNS AND FISSURES. 

Southampton .Jldit. 

I have alluded in the first part of my Report, to this artificial excavation, 
900 feet in length, at the lead mine in Southampton. It is a perforation most
ly in solid rock, large enough to admit a boat with several persons ; and in 
this manner might be entered with perfect safety. Being unique in this part 
of the country, it had become a place of considerable resort by gentlemen 
and ladies <luring the summer months. At present the entrance is blocked 
up1 but it is to \Je hoped that ere long the working of this adit will be re
sumed, and an opportunity again afforded for so fine a subterranean excur
sion. 

Sunderland Cave and Fissure. 

The following section will, I apprehend, render intelligible, not merely the 
form and situation of this cave and fissure, but also the mode of their pro
duction. They occur in a conglomerate rock of the new red sandstone, on 
the northwest side of ]\fount Toby, in the north part of Sunderland. The 
conglomerate strata are several feet thick : and immediately beneath this rock 
lies a slaty micaceous sandstone, which is very subject to disintegration ; as 
may be seen a little north of the cave, where the conglomerate projects sev
eral feet beyond the slate, whose ruins are scattered around. The spot is 
perhaps 800 or 400 feet above Connecticut river: yet there is the most con
clusive proof in all the region around, that water once acted powerfully, and 
probably for a long period, at various elevations on the sides of this moun
tain : and not improbably this aqueous agency assisted in undermining the 
conglomerate rock by wearing away the sandstone. 

88 
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Fig. 46. 

At ..fl, an<l B, Fig. 46, the rock is but slightly removed from it original po
sition ; but in the space between these points, the slate appears to have been 
worn away so as to cause the whole conglomerate stratum, which is from 50 
to 60 feet thick, and consequently of immense weight., to fall down, produc
ing the fissure a, and the cavern b. The fissure is nine feet wide at the tov, 
and open to d, 40 feet; below which it is filled with rubbish. The cavern is 
wider than this in some parts, though very irregular in this respect. Its bot
tom also is rendered quite uneven by the large masses of rock that have 
tumbled down. In the deepest spot, (5o feet) the rocks are separated to the 
surface, so as to let in the light from above. The whole length cifthe cavern 
is 148 feet. Its general direction is nearly east and west. But towards its 
eastern part it turns almost at right angles to the left, in consequence of the 
rock a, having been broken in a north and south direction from the mass of 

the mountain. 
Some who visit this spot are disposed to call in the aid of a convulsion like 

an earthquake to explain the huge fractures there exhibited. But after see
ing so many other marks of the powerful action of atmospheric and aqueous 
agents on this mountain, I cannot but believe the cause I have assigned to be 
sufficient. The place is well worth visiting by all who have not examine<l 
other caverns and fissures extensively. 

On the opposite side of Mount Toby, a little south of the cascade that has 
been described, one or two other caves occur, more irregular but less exten
sive than this. They have been produced by the enormous masses of the 
mountain that have been here mixed pell-mell together. 

Caverns in Berkshire. 

These all occur in limestone: and are so similar, that it is hardly necessary 
to describe them separately. Two exist in the south part of New Marl
borough, containing several apartments and some stalactites. 
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Small caverns exist in Egremont, Alford and West Stockbridge. In 
Lanesborough, at Baker's quarry, in the northwest part of the town, is a cav
ern of considerable extent, produced by the erosion of water. It descends 
northeasterly at an angle of 10° to 15°, and is generally not much larger 
than is necessary for a man to pass along. Indeed, I found it not easy to 
penetrate it more than 140 feet; though it is said to have been explored 300 
feet. Stalactites occur there of some interest, but not abundant nor hand
some. The singular calcareous deposit upon the floor of this cavern, I 
shall describe in another place. In Adams, a mile south of the north village, 
is a cavern in limestone of considerable extent. The largest apartment is 
SO feet long, 20 feet wide, and 20 feet high. In Williamstown, at the foot 
of Saddle Mountain, I noticed one or two cases in which streams of some 
size disappear beneath the surface for several rods in the limestone rock : 
and here we probably see the manner in which most of the caverns that have 
been described above were produced. 

Purgatories. 

1 know not what fancied resemblances have applied this whimsical name 
to several extensive fissures in the rocks of New England. The most re
markable case of this kind is in Sutton, three and a half miles southeast of 
the congregational meeting house. It is a fissure in gneiss, nearly half a 
mile long, in most parts partially filled by the masses of rock that have been 
detached from the walls. The sides are often perpendicular, and sometimes 
70 feet high ; being separ-ated from each other about 50 feet. 

This is an immense chasm : and I confess myself at a loss to explain its 
origin. It is natural to suppose that its sides have been in some manner sep
arated from one another. But I can conceive of no mode in which this could 
have been accomplished, but by a force acting beneath: and this would so 
elevate the strata, that they would dip on both sides from the fissure. But I 
could discover no such dip. The inclination along the fissure corresponds 
with that which is common in the region around; viz. about 25° N. E. In 
the vicinity of the fissure, however, the rocks are often exceedingly broken 
into fragments :* and this circumstance indicates some early subterranean 
convulsion or the agency or troubled waters: And I am rather inclined to 
refer these fragments as well as the fissure, to the long continued action of the 
waves of the sea, when the spot was so situated as to form a shore of moderate 

" Visitors of the Sutton Purgatory should recollect that such broken rocks furnish a fine retreat for the 

Rattleiinake. 1 met with one among the debris of lhal place. But as he kindly warned me that I wat1 treii· 

p1tssing on hi& territory, f thought it ungenC'rous to attack him, and we p:irtcd on good ternu11 mutuo.lly wil. 
Jing to be rid of each other's company. 
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elevation. The case of a purgatory iu Newport which I shall describe, will 
illustrate the mode in which the wa\·es might have produced such effects. 

In Great Barrington. 

A fissure very similar to that in Sutton, exists in the mountain east of 
the village of Great Barrington. The best way to ri;ach it, is to pass around 
the north end of the mountain, and then to go southerly a mile or two, as far 
as the house of Russell Kilbourn: from whence a walk of three quarters of 
a mile will lead to the spot. It is an open fissure, about 4 rods wide, with 
perpendicular walls, which in some places rise to the height of 80 feet. The 
bottom in most parts is strewed over with loose but not rounded blocks, 
which were obviously derived from the sides. This detritus frequently fills 
up the bottom several feet; so that probably the entire depth cannot be 
much less than 100 feet. Among the loose masses of rock, snow and ice fre
quently remain through the summer. I fou11d them there in abundance on 
the 25th, of June in a very sultry day.* 

This Purgatory is in gneiss, which a good deal resembles that in Sutton. 
The strata in Great Barriugton are nearly horizontal: and the fissure is 
nearly straight; but at its western extremity, the sides rather diverge. It 
runs S. 25° W. and N. 25° E. ancl extends across the entire ridge of the 
mountain, at least 80 rods in length. Its bottom cannot be less I think than 
800 feet above the becl of the 1-lousatonic. I can mention no explanation of 
the manner in which it has been produced, except the one suggested in re
gard to the Sutton Purgatory; and which will I think receive some illustra
tion from certain fissures on the coast of Rhode Island; which I therefore in
troduce in this place. To persons, however, who are but little familiar with 
geological changes, probably the explanation which I give of these so pecu
liar phenomena, will seem no better than wild hypothesis. 

In Newport, Rlwde Island. 

In the southeast part of this town (perhaps it is within the limits of 
Middleton,) the coarse conglomerate rock contains numerous cross seams, 
which are para[Jel to one another, and nearly perpendicular to the horizon. 
In one spot, in a high rocky bluff, two of these fissures occur not more than 
six or eight feet asunder; and the waves have succeede<l in the course of 
ages, in wearing away the intervening rock, so as to form a chasm about 

•It was amusing to see the effect of the ice at the bollom upon the musquetos, which were very trouble
some. But if one wished to escape them, he had only to step down a few fl;!et towards the bottom

1 
where 

the temperature was so much lower 1 that they would not follow. 
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seven rods in length, and 60 or 70 feet deep; the sides being almost exactly 
perpendicular. This chasm is called Pm'gatory; and the waves still con
tinue their slow but certain work of destruction. 

On the south shore of Newport, asimilar fissure occurs in granite. It is, how
ever, much less extensive, not more than twenty feet deep perhaps: and the 
waves sometimes rush into it with such violence that they are dashed not less 
than thirty feet into the air. Even granite yields under this everlasting con
cussion. This spot is called the Spouting Cave. 

We have only to suppose the Sutton and Great Barrington Purgatory to 
have been once similarly situated in respect to the ocean, and we have a 
cause adequate to its production. And yet, what an immense period must 
the whole work have demanded! 

.11.utumnal Scenery. 

Perhaps no country in the world exhibits in its autumnal scenery, so i·ich 
a variety of colors in the foliage of trees, as our own. But it is particularly 
beautiful in the more mountainous parts of the land. The trees, whose 
leaves give the liveliest tints, are the maple, the oak, the walnut, and the 
sumach: while the pine and hemlock retain their deep green: and if these 
species be fantastically mixed on a mountai~'s side, they present a splendid 
drapery, which, though somewhat approaching to the gaudy, is yet extreme
ly interesting. The change generally commences as early as the middle of 
September, and does not attain its full perfection till after several frosts of 
considerable severity. The change proceeds undoubtedly from an increased 
oxygenation of the coloring matter of the leaves; analogous changes being 
easily produced in the chemical laboratory by the addition of oxygen to cer
tain compounds,* as for example, the Chameleon Min&ral. This process in 
the eyes of a chemist does not seem, as I believe it does to most men, a con
dition of sickness connected with the decay and fall of the leaf. He views 
it rather as a beautiful illustration of the means which nature possesses to 
produce variety. True, it is one of the more advanced steps of vegetable 
life; but does not seem to be disease. Or if any are disposed to consider it 
such, it ought to be looked upon as nature descending joyfully in her richest 
dress into her wintery grave, in exulting anticipation of a speedy resurrec
tion. 

Although this phenomenon forms an attractive object to the geologist in 
his wildest excursions among the mountains, at the most delightful season in 
the whole year for geological research, yet it cannot be regarded as having 
any connection with geology. 

*Anno.Jes de Chimie el de Physiqt1e, Vol. 381 p. 415 . 



298 &enographical Geology. 

In my former report, however, I ventured to give a sketch of this scenery 
which is in a good measure peculiar to this country* but I have not felt jus
tified in repeating this step in the present report; chiefly because the other 
drawings have been so multiplied. There is less need of a drawing also, be
cause the splendid original is before all our citizens nearly every autumn. 
The autumnal scenery of other lands may be dispiriting and dreary: not so 
in ours. 

u What is there snddcning in the Autumn leaves! 
Have they that u green nncl yellow Melancholy," 
Thatthesweetpoetspakeof?-Hadheseen 
Our variegated woods, when first the frost 
Turns in lo beauty atl October's charms-
When thP drcad fe\'er quits us-whcn tbestorma 
Of the wild Equinox, with all its wet, 
Hasleftthcland,asthefirstdclugc left.it 
With a bright bow of many colors hung 
Upon the forest tops-he had niil aighcd." 

Brainard. 

Concluding Remarks. 

Such essentially is the scenery of Massachusetts. I do not flatter myself 
that I have described, or even found, all the spots interesting enough to de
serve a notice in this place. For up to the present time almost, I have con
tinued to discover new places of scenographical interest; and whoever will 
take the trouble to compare my present with my former reports, will see 
that such discoveries have been very numerous within a few years past. 

And now I earnestly wish that I could communicate to my readers were 
it but a moiety of the pleasure which I have experienced from an examina
tion of the scenery of the state. But unless I can persuade them to follow 
my steps, my wish will be vain. But I will suppose that during the summer 
months, a few gentlemen of taste and intelligence-accompanied by ladies 
if they please-should wish to exchange the heat of the city, and routine of 
business for a few weeks of mountain air and alpine scenery. Let them go 
to Berkshire, and commencing at either extremity, pay a visit to the princi
pal objects which I have described in the preceeding account of our seenery. 

• ]t may not be improper, perhap!l1 to repeat the remarks made lo me by the Baron Roenne, the present 
worthy Minister of Prussia lo this country. Soon after he came here, he !aW the drawing of autumnal sceo
ery in my reporl1 and at once pronouced it to be a caricature. But after residing in New England through 
one autumn. he declared that the drawing fell short of nature. But ssid he, "I shall be obliged to certif1 
to my friends in Prussia that your drawing is correct, or th~y will not believe you." 

Rev. Justin Perkins, Amt>rican Missionary in Persia., ahowed one of these sketches to the Nestorian 1 ; 

who exch1.irned; u what a strange country America must be! where they live in wooden bouies and the 
tree. are painted!" 
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In that county alone, they will find enough to occupy them for at least two 
or three weeks : And so great will they find the variety to be in the scenery 
of those mountains and vales, that the danger will be, not that they will be 
uninterested, but that the exhilaration will be too great : A.rid yet this kind 
of excitement i,s usually very favorable to health: and I doubt not they would 
return invigorated for their ordinary pursuits. Or if they have still more 
leisure, let them wander through the beautiful valley of the Connecticut ; 
and along its tributaries. Then let them visit the W achusett, and other ro
mantic spots of Worcester county, and pass down the Merrimac : the calm 
loveliness of whose scenery will most agreeably terminate the excursion. 
For the varied and unique scenery of our sea coast should be reserved for 
another excursion ; and so contrasted is much of it with that in the interior, 
that it will not prove the less interesting, because the latter has been previ
ously examined. In short, could our citizens but realize the riches of our ' 
scenery, I am sure so many of them would not resort so often to distant spots, 
beyond our limits, to experience often less gratification than they might find 
among our own mountains and vales. 
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PART III. 

SCIENTIFIC GEOLOGY 

MASSACHUSETTS. 

IN entering upon the third and most extensive part of my Report, a few 
preliminary remarks may be necessary. 

By employing the term Scientific Geology, for this part of the work, I 
would not convey the impression that the other parts are not in accordance 
with the priciples of science. For in fact, the results given under Econom
ical Geology, have required quite as much careful scientific investigation as 
any other part of the work. But as I have endeavored to give those results 
as much as possible a popular and practical character, I supposed it proper to 
denominate the third part of the Report, Scientific Geology : because I shall 
here endeavor to present the facts of our geology in a scientific dress; and to 
refer the phenomena to their proper causes. In other words, the facts will 
here be presented in their relation to the science of geology. In doing this, 
I shall not hesitate to employ the technical terms which are necessary for ac
curate description, in the sense adopted by the most recent and able writers. 
To attempt to substitute loose and popular language for that of science, 
would render the descriptions obscure, arld be of little service even to those 
who are not familiar with the principles of geology: while it would prevent 
these facts from being of any benefit to the science. Besides, I shall add a 
fourth part to my Report, in which I shall give as full a view of the funda
mental principles of this science as my limits will allow; and that will fur
nish the reader with the means of understanding all the descriptions arnl 
reasonings which I shall introduce. It is fortunate, also, that geology does 
not abound with technical terms; nor is the number of rocks large. 

For a long time geology had to contend with a multitude of unreasonable 
prejudices, many of which yet operate upon intelligent minds. But so rapid 
has been its progress for a few years past, so splendid its discoveries, and so 
profound its reasonings, that in spite of obloquy, it is fast assuming that com
manding situation among the sciences to which its dignity and importance 
entitle it. Many of the ablest philosophers of Europe, have, for several 

so 
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years past, devoted their energies with untiring interest and great success, 
to this pursuit; and none but those who do not take the trouble to under
stand its principles, will now assert that its practical value is not great, or its 
fundamental principles unsettled. It is still, indeed, making rapid progress : 
and some of its theories are unsettled: and doubtless some of its principles 
are destined to receive modification, by new researches and reasonings. 
But the sa.me is true of every other physical science, even of that which has 
been the longest cultivated-I mean astronomy. 

The gradual passage of rocks into one another will cause many intermedi
ate specimens to be placed in different groups by different observers: because 
no two men will be likely to draw the dividing line between them in exact
ly the same place :-or in other words, to say where one of the ingredients pre
dominates and when another does. But in the present case, as I have deposit
ed specimens in the state collection of every variety of rock and mineral de
scribed by me, future geologists will be able to know exactly to what rocks 
my descriptions refer ; and if they think me wrong, they can rectify me. 

As to the Classification of Rocks, among the principles which I regard as established in the 

science, one is, the division of rocks into Stratified and Unstratified. This division, therefore, I 

shall adopt. But instead of stopping here to exp1ain the subdivisions of these classes, I shall 

introduce a Tabular View of the rocks in Massachusetts, arranged as nearly as possible in the 

order of their superposition. Tbe first column contains the names of the rocks under which I 

describe them j the second column, the varieties of each rock observed in Massachusetts, and the 

third column, a catalogue of minerals found imbedded in each fock. The simple minerals are 

put down without any attempt at classification; it being thought sufficient to refer them to the 

rocks in which they are found. The diffe;ent systems by which the rocks have been arranged by 
various authors, will be found in the first section of the Fourth Part of my Report. 
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In describing the various rocks in the State, I shall as far as possible, follow a uniform order, 
giving first the lithological characters; next the topography of the formation; next the dip, di
rection, &c. of the strata: next an account of the organic remains; next of the mineral contents; 
and finally, ad<l some theoretical considerations. In many instances, however, this order cannot 
be observed; and in o:hers, some of the above particulars will need no notice. 

A few words more may be necessary in explanation of the Geological l\fap. I have striven 
to reduce it to such simplicity, that its plan and arrangement will be obvious by mere inspection. 
Somethings about it, however, may need elucidation. To avoid confusion and mistake, I have 
employed but six colors ; which> with the exception perhaps of the blue, are so strongly marked, 
that they can readily be distinguished by candle light. These colors mark off the rocks of the 
State into what may be regarded as distinct groups : the members of each group, with the excep-
tion of the fourth, being so nf'arly related, that they might even be regarded, in most cases, _as 
belonging to the same formation. The first group, however, embracing all the unstratified rocks, 
would, include more than one formation, if that term can embrace only the rocks produced 
during one geological period. The second group embraces only gneiss, and those rocks which 
are so intimately associated with it, that they constitute butasingle formation. The third group 
comprehends mica slate and those rocks that are so closely connected with it, as to show great 
similarity in the causes that produced them; although perhaps not all of them were formed dur
ing the same period. The' fourth group is miscellaneous, including rocks that have no necessary 
connection or resemblance. The fifth group includes all the consolidated rocks resulting from 
sediment: although obviously belonging to at least three distinct formations. The sixth group 
takes in all the unconsolidated beds above the chalk, ?r its equivalent in this country, the ferru
ginous sand formation. 

The tablets attached to the Map will show the particular marks by which the members of the 
different groups are distinguished from one another: And to afford still farther means for accom
plishing the same object, and preventing mistakes, I have placed a figure on each tablet, which 
corresponds with the same figure placed upon the map in every place occupied by that particular 
rock; so that even if in any case the painter has applied a wrong color, these figures will afford 
the means of detecting the mistake. 

STRATIFIED ROCKS. 

The uppermost portion of this division of the crust of the globe, consists for 
the most part of unconsolidated layers of sand, clay, and gravel. The lower por
tion embraces all those solid rocks that are divided into parallel and continu
ous masses. The stratified rocks occupy in every country by far the largest 
proportion of the surface. • 

.Blluvium. 

It is well know that a number of causes are daily operating to modify the 
surface of the globe. In some instances new and solid rocks are gradually 
forming ; in others, and those far the most numerous cases, the rock strata are 
wearing away, and the fragments, carried by water to the lowest spots, are 
deposited in the form of sand, gravel, clay, and loam. But all such deposits, 
whether consolidated or not, are denominated alluvium: excepting only the 
products of volcanoes. 
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Alluvium of Rivers. 

The deposits produced by the overflowing of rivers, are the most common and familiar exam· 
ples of this stratum. They will, of course, consist of that heterogeneous mixture which a swollen 
and agitated stream sweeps along. \Vhen first the river issues from the mountains and begins to 
spread over the plains, coarse gravel and sand, and not unfrequently large bowlders, will be de
posited~ The finer materials, and most of the vegetable and animal substances, being lighter, 
will float on farther before subsiding. So that the portion of an alluvial tract which is nearest the 
mouth of the stream, will generally be most valuable in an agricultural point of view, being 
made up of the finest and richest loam. 

It is quite obvious that the power of rivers in depositing alluvium must be lessened by every 
successive inundation ; since the more elevated the banks, the less frequently wiU the stream 
rise above them ; and the less the amount of water thrown over the meadows. In some places 
along the Connecticut and its tributaries, the banks have already attained such an elevation, that 
it is only at long intervals that the floods rise high enough to surmount them; and yet they are 
obviously the result of alluvial deposition. 

The Connecticut and its tributaries, the Deerfield and the Westfield, furnish the only examples 
of river alluvium of much extent and importance in the State. Some fine meadows of this de
scription, however, occur on the Housatonic, in Stockbridge, Great Barrington and Sheffield. 
Indeed, every river in thf" State, and every brook, present limited tracts of this stratum. But 
only those along the Connecticut and Ilousatonic were thought deserving of a place on the Map. 
In some instances the deposition of the Connecticut, the Deerfield, and the Westfield, is 15 or 
20 feet thick. Logs, leaves, walnuts, butternuts &c. are frequently imbedded at that depth, and 
but slightly changed. Relics of this kind, though of but liltle importance to the geologists of 
the present age, may be viewed with great interest in future times, when this alluvium shall 
have become consolidated and other formations shall be imposed upon it. 

The alluvial basin of Deerfield river, in Deerfield, is perhaps the most remarkable example 
of this formation in the State. It is shut in on all sides by high )and, and the river is 
obliged to force its way to the Connecticut through a narrow gorge in a high ridge of green
stone; and its direction where it empties, is almost opposite to the course of the Connecticut. 
The Deerfiel<l, being a mountain torrent, and of less extent, is raised several hours earlier than 
the Connecticut after a rain. It even begins to subside before the latter has risen much. But 
as the Connecticut swells, it throws back the waters of the Deerfield over the broad basin among 
the mountains, and sometimes retains it there for three or four days, or even a week, until the 
very finest sediment is deposited. · The consequence is, a rapid growth of alluvium, and great 
fertility of soil. • 

It is interesting to observe in Deerfield Meadows the numerous changes in the bed of the 
river, that have taken place at no very remote period; though none of much importance since 
the settlement of the place by the whites. A map of these changes might be instructive as il
lustrating the operation of existing geological agencies. But I did not judge it expedient to con
struct one, since so many other cases of more importance will require drawings. I remark, hew
ever, that as the banks of this river are easily worn away, constant changes are taking place with 
much rapidity by the action of the stream, so that it must be a fine place for studying fluviatile 
dynamics. 

Patches of river alluvium are represented on the Map in Stockbridge, Sheffield, Great Barring
ton, Longmeadow, Springfield, West Springfield,Nortbampton, Hadley, Hatfield, Whately,Deer
field and Northfield. 
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The interesting researches of Dr. Dana upon the alluvium of Merrimac river have alread_r 

been given in the first part of my report (p. 113,) because of its practical bearings. But their 
importance in a scientific point of view, will, I trust, be duly appreciated. In the whole records 

of geology, I have not met with any experiments on this subject, more accurate and satisfactory 

Coast .!llluvi11m. 

This sort of deposition is of two kinds. The first is produced by tides 
and currents in the ocean, which frequently transport large quantities of soil 
from one place to another, and cause it to accumulate in those situations 
where their force abates, or is destroyed. In the southeastern part of the 
State, such cases are numerous: and I have regarded the sandy accumula
tions of this kind in Provincetown; opposite Chatham and Harwick; on the 
north shore of Barnstable; and in several places along the northwest coast of 
Nantucket, as of sufficient extent to deserve a notice upon the Map. De
posits of this kind on a smaller scale are very common in the southeast part 
of the State. 

&lt Marsh .!llluvium. 

Salt marsh alluvium results ''"om the joint action of two, and sometimes 
three causes: 1. from the decay of salt marsh plants; 2. from the silt brought 
over the marsh by the tides ; and S. from the alluvial soil brought down by 
streams, when these happen to empty through those marshes. The marshes 
in the vicinity of Boston consist chiefly of a clayey loam, with vegetables 
more or less decayed, forming in fact an imperfect deposit of peat. The 
depth of the peculiar pulpy soil of these marshes is rarely more than 6 or 8 
feet. In the southeastern part of the State, the salt marshes are much more 
sandy. In fact their character depends very much upon the nature of the 
soil on the coast, since this is carried by the sea into the marshes and deposi
ted. Though salt marshes are numerous along the coast, this kind of alluvi
vium is marked on the map in only two places, viz. in Charlestown and 
Chelsea. 

Submarine Fo_rests. 

Though these have not hitherto been noticed in this country, I am inclin
ed to believe that they are not uncommon in the southeast part of the State, 
and probably all along the Atlantic coast. They consist of the remains of 
ancient forests, now submerged a few feet below the sea, though sometimes 
laid bare at low water. The vegetables found in them are generally such as 
gTow in low land ; and, indeed, peat not unfrequently occurs. This is the 
casein the harbor of Nantucket, as I am informed by Lt. Jonathan Prescott, 
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of the United States army. This gentleman, while superintending the dredg
ing of that harbor, found portions of cedar, maple, oak, and beach trees, some 
of them in an erect position and accompanied by peat of an imperfect char
acter. All the wood, except the cedar, ( Oupressus thuyoides,) which was near
ly as sound as ever, was very much decayed. These relics were buried by 
four feet of sand, and were about eight feet below low water mark. 

Another submarine forest exists at Holme's Hole, on Martha's Vineyard. It is on the west 
side of the harbor, and was described by the pilot as having the appearance of a marsh at low 
water. Stumps have been found there in considerable quantity; of the cedar at least. 

Near the southwest extremity of the Vineyard, on the north shore, I '\Vas informed that an
other forest of a similar description may be seen. On the north side of Cape Cod, also, opposite 
Yarmouth, cedar stumps may be found (as I was informed by the Captain of the Falmouth 
packet,) extending more than three miles into Barnstable Bay. And Mr. Henry Wilder, of Lan
caster, who first directed my attention to this subject, says that the same thing occurs in the bay 
of Provincetown, on the side opposite the village. Farther inquires will no doubt bring to light 
many other instances of a similar character: for my opportunities of observation on this subject 
have Leen but few. 

Geologists are not a little perplexed, satisfactorily to account for subma
rine forests. Some of theru, it has been thought, might have resulted from 
the breaking of the barrier of a peat swamp by the ocean; whereby it was 
drained and the soil rendered more compact so as to subside below the level 
of the ocean. But in general it has been supposed that these forests have 
subsided in consequence of earthquakes or other internal movements of the 
earth. Yet the evidence of such subsidence is in most cases very equivocal. I 
suspect that observers have too readily admitted that these forests occupy the 
very spot where they grew, and that more careful examination would show 
that they have been drifted from a higher level to their present condition. 
A curious example of such transfer I have described in the first Part of the 
Journal of the Boston Natural History Society, p. 338, in giving an account 
of the geology around Portland in Maine. I cannot but think that a similar 
explanation will apply to very many cases of submarine forests. 

Peat. 

Various causes are in operation to prorluce an accumulation of mud upon 
the bottoms of ponds, lakes, estuaries, &c. In this mud various aquatic plants 
will take root, and by their decay will swell the deposit. At length the pulpy 
mass nem·ly reaches the surface, when sphagneous and other mosses take 
root in it, along with numerous other plants, and by their gradual decompo
sition, the pond or the lake becomes converted, in the course of ages, into a 
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swamp or marsh. On digging into it, the bottom will be found to consist, 
near the surface, of interlacecl vegetable fibres and roots, with only a small 
portion of earth ; farther clown the vegetable matter will be found more de
cayecl and compact, until at length, in many instances, perfect compact peat, 
" ·ith occasional layers of mud, will be discovered. 

This is the simple and summary account of the origin of the different va
rieties of peat. And since the process is daily progressing, it is properly an 
alluvial formation. According to this statement, almost any vegetable matters, 
that have remained for some time beneath the surface of the soil, may be call
ed peat; and it may even be produced beneath the sea by marine plants, such 
as the Zostera marina. It is only within certain limits of moisture and tem
perature, however, that proper peat can be produced; and hence in the tor
rid zone, the decomposition is so rapid and perfect, that peat is rarely found. 
Hence, too, in northern latitudes, the most elevated swamps are the most fa
vorable spots for its production: that is, for abstracting the oxygen and hy
dr_ogen of the vegetable and leaving the carbon to predominate. 

Numerous as are the deposits of peat in Massachusetts, very little need be said concerning it. 
All the varieties noticed by authors-the marsh-the lake-the forest-the maritime and 
the transported peat-are found here. Indeed, according to the definition that has been 
given of this substance, it is perfectly obvious that not a town in the State can be named 
where more or less of it does not exist. The eastern section, however, is certainly 
best stored with those varieties that may be employed for fuel. And it is an unex
pected fact, that the southeastern parts of the State, which abound with . sand, contain 
also a large amount of peat. According to a survey by Lt. Prescott, the island of Nan
tucket and the small adjacent islands of Thuckanuck, Muskegut, ancl Gravel, contain 30,590 
acres; of which, 1050 are fresh ponds, and 650 are peat swamps• the beds being from 1 to 14 
feet thick, and generally of good quality. This must afford an inexhaustible supply of fuel for 
the inhabitants ; and yet I was surprised to learn, that although the price of fuel is very high 
there, peat is not much employed. This perhaps results from the habit of bringing almost every 
article used on the island from abroad; or more probably from the general thrift and comfortable 
circumstanc~s of the inhabitants, which enable them to employ the kind of fuel that is most 
pleasant; and who is there that would not prefer wood to peat. 

The process by which peat is produced, must generally be every year less prolific in its results 
in this country. For many swamps are already so much filled as to raise the plants on their sur
face too high to receive the requisite moisture. Aild besides, the trees and shrubs are cleared 
away from many, and their surfaces converted into fields for producing grass. Some very fine 
mowing lots of this description may be seen a little west of the village in Nantucket: and over 
the whole surface of that island, scarcely a tree or shrub is now to be seen, so that here the for
mation of peat has probably in a good measure ceased. The peat swamps there (as they now 
are in many parts of the southeastern extremity of the State) were probably once covered with 
the white cedar. 

According to the Messrs. Danas, trunks of trees, generally of some species of pine, occur in 
peat, several feet below the surface in the marshes of Charles river. 

• 985 o.eres, according to Mr. Jared Coffin. See First Part of this Report, p. 145. 
40 
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Mad. 

I have given so full an account of the marl b ~ds of Berkshire County in the first part of this 
report, that little need be added here. The shel1s which are found in these beds are Planorbis 
pan:ms, bicarinalus, and trivo/Dis ; Lym11aa heterostropha a?id cat<Ucopium, with a specit!s of 
Cgclas, probably nondescript (Nos. 12 to 16.) It will be seen that these are identical with liv
ing species. The quantity of these shells varies in different be<ls exceedingly. In some places 
scarcely any are present: in others they are quite numerous. From such facts, and others which 
I have observed, I have been led to infer th~t the common impression that these marls have re
sulted almost entirely from the d~omposition of these she11s, cannot be correct; and th{lt a large 
part of them is deposited from water. The marl is usually found beneath a deposit of peat. I 
1rnppose this explained by a statement already made ; that until a pond is nearly filled up, sphag
neous mosses will not begin to grow upon its surface. But when these do begin to vegetatt-, the 
water becomes ~osballow, that very little 1ime is brought into it, and of course the peat takes the 
place of the marl. 

Deposits of the Remains of Infusoria. (Siliceous Marl.) 

In those parts of the state where no limestone marl has been found be
neath the beds of peat, a siliceous deposit of a peculiar character often oc
curs, in the same situation, greatly resembling marl. It is distinguished from 
marl, however, by not effervescing with acids; and from fine sand, by becom
ing light and spongy when dried. In the first part of my of Report, how
ever, I have already described this curious substance (p. 99,) with its prin
cipal localities, so far as they are known to me ; and the thickness of its 
beds. Until recently the nature and origin of this deposit were entirely un
known. But on seeing the paper of Prof. Bailey in the American Journal 
of Science, (Vol. 35,) on Fossil Infusoria, I was led to examine my speci
mens microscopically; and discovered at once that they were composed al
most entirely of the shells or skeletons of animalculre: that is, of minute an
imals inhabiting the water, that are enclosed in a very delicate siliceous en
velope, which remains almost unchanged when the animal dies and falls to 
the bottom. The reason why this deposit is usually covered with peat, or 
mud, is the same as has just been assigned for the analogous situation 
of marl. 

How very singular, that animals so very minute should perform so impor
tant an office in the geological changes that are taking place on the globe ! 
Here we have deposits several feet thick, extending over hundreds of acres, 
made up entirely of the remains of animals of which hundreds of thousands 
are requisite to form a single cubic inch! We have long been accustomed 
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to admire the process by which the minute Polyparia rear the extensive 
structures known by the name of Coral Reefs, stretching over hundreds of 
leagues in tropical seas. But now we find that within our own observation, 
we may see effects no less marvelous, produced by animals of a still more 
diminutive size-too small, indeed, to be discovered by the naked eye. In 
the fourth part of my report, I shall describe facts still more astonishing on 
this subject; brought to light by the labors of Ehrenberg. Truly, imagin
ation can hardly keep pace with the discoveries of modern science! 

I was very anxious to obtain the opinion of Professor Bailey upon the specimens of siliceous 
marl from the localities in Massachusetts; and accordingly transmitted specimens to him, with 
the request that he would furnish as full an account of them as he thought proper for this Re
port. The result is, that he has sent me the following very valuable communication, which 
I am happy to substitute for my own remarks. Even if I had the means and the leisure for 
studying these curious remains, I should prefer to have it don~ by one who first called the atten
tion of geologists in this country to this subject, and who has cultivated it with so much dili
gence and sul'cess. 

West Paint, Sept. 19th. 1840. 

DEAR Sm :-My absence from West Point during the past summer, must be my apology 
to you for not sooner answering your letter of the 22d. June, which accompanied some fine speci
mens of fossil infusoria, and in which you request me to furnish something concerning them for 
the final Report on the Geology of Massachusetts. 

I have paid considerable attention to the' recent and fossil Jnfusoria of the United States, but 
have pursued this study under the disadvantage of not possessing Ehrenberg's splendid work, 
which is justly considered as the standard in this interesting department of natural history. My 
knowledge of the labors of others is consequently very imperfect, and I am often unable to identi
fy our species for want of figures to refer to. I have, however, derived much information from 
the "Recherches sur l'organization des Animaux /1ifusaires, par Chr. G. Ehrenberg," which 
is appended to the excellent '' Traite pratique du Microscope, par L. Mandl," and from this work 
l have translated the generic and specific characters of the species of lnfusoria described in the 
subsequent part of this letter. 

As I hope soon to publish in Silliman's Journal some account of the Fossil lufusoria of the 
U nitec! States, and their allied recent species, I must refer to that article for more ample details 
than I have now time to give. I shall content myself, for the present, with a few remarks which 
appear likely to be of interest with regard to the fossil Infusoria of Massachusetts. If you think 
these remarks of sufficient value to_ find a place in your final Report, you are at liberty to make 
that use of them. 

Remarks on the Siliceous hifttSoria. 

1st. Their animal nature. M the living species may be found in almost every lake, pond, stream, 
or bog, any one who has a good microscope, can easily convince himself that they are animals. I 
ha~e fr~uent1y shown them to various scientific friends, and not one, who has ever witnessed 
their active and voluntary motions, has ever doubted that they were true animals. 

2d. Their exteruive distribution. I have observed the living species in various places from 
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Rhode Island to the Ouisconsin Territory and south to Virginia, and they doubtless occur 

all over our continent; and as the living species are so extensively distributed, I have little doubt 

that the fossil species are equally so, although all the localities yet discovered in this country are 

in primitive regions. As we have numerous very beautiful marine species now living on our 

sea coast, it is highly probable that our tertiary formations when properly examined will yield 

some interesting fossil specimens. 
3d. Characters of the fmnily of Bacillaria. The greater part of the Infusoria whose siliceous 

coverings or carapaces," are found in a fossil state, belong to the family of Bacillarire, which is 

thus characterized by Ehrenberg. 

BACCILLARilE. 

"Polygastric (distinctly or probably,) without intestinal canal; appendices (distinctly or pro

bably variable,) undivided, body multiform: carapace, often prismatic and siliceous with one or 

several openings, often having the form of articulated polypidoms in consequence of imperfect 

(longitudinal) spontaneous division." Mandl el Ehrenberg, l. c. p. 241. There are about 35 

genera. 

Characters of the most interesting Genera and Species occurring Fossil 
in Massachusetts. 

Navicula. 

The species of this genus are among the most common as well as most beautiful of the family. 

The genus is thus characterized. 
"Free, isolated or binary; carapace simple, bivalve or multi valve, (sileceous,) prismatic, hav

ing six openings, never united in form of a chain by perfect spontaneous division." Mandl el 

Ehrenberg I. C· P· Z59." 

Navicula viridis. (Plate 20, figs. 1. 2.) Ridged, ('' rayee") carapace straight, linear, truncated 

laterally at each end, rounded on the ventral s:de, fifteen internal ridges, (" raies") (cells) in 

1-100 ofa line. Length 1-96 to 1-6 of a line,''/. c. P· 265. 
This very beautiful species occurs in most of the specimens of Fossil Infu.soria both in Europe 

and this country. It is very common in the living state. Ehrenberg gives in his small work 

entitled " Die fossilen Infusorien und die lebendige bamanerde," a figure which I have copied 

(See fig. 3,) in which he represents internal stomachs and external or.gans of motion. 
Navicula -- ? figs. 4. 5. Another common species is easily recognised by two groves 

crossing each other at right angles on the lateral faces of the carapace. I am unable to determine 
its specific name. It is common both in a recent and fossil state. 

Navicula (Surirella) nov. sp.? (figs. 6. 7 8.) Thisequisitelybeautiful form appears to belong 

to the sub-genus Surirella, but is unlike any thing I have seen among fossil Infusoria from Eu

rope. I have found it abundant in a living state in various places near West Point, also in Cul

peper County Virginia. Its winged angles with large and distinct markings readily distinguish 

it from any thing else. It occurs in a fossil state in Bridgewater, Mass. 

Cocconema. 

" Carapace simple, bivalve or multivalve (siliceous) fixed by one end, pediculate "longer than 

broad, pedicle in the direction of the axis of the body, (pediculate Naviculre) 

The species are often found separated from the pedicle and moving about freely. 
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Cocconema -? figs. 9.JO. This species is very common both in a recent and fossil state. 

Fig. 10 a, is pr~bably another species, which occurs fossil at Manchester, 1\fass. 

Eunotia. 

"Free, isolated or binary, carapace simple, bivalve or multivalve (siliceous) prismatic, four 
openings on the same side, two at each end : flattened on the ventral side, convex and often serrate 
on the back, never having the form of a chain by perfect spontaneous division." l. c. p. 268. 

Eunotia arcus (figs. 11. 12. ?) Rirlge<l, carapace semi-lanceolate, elongated, wider than high, 
two terminal knobs, urcuate, 11 ridges in 1-100 of a line. The species represented by figs. 11, 
12, appears to agree pretty well with this description. 

Eunolia diodon, lriadon, tetradon et pentodon, (Figs. 13to17 ?) Ehrenberg des'."ribcs by these 
names several species of Eunotia differing chiefly (as 1 think,) iu the number oftootblike eleva
tions on the back. I believe this to be an uncertain character ; and I feel pretty sure that the 
figures above referred to belong to different states of the same species. 

Gomphonema. 

u Carapace simple (siliceous) straight, wedge form ; fixed on a distinct filiform pedicle, branch
ing dichotomously by spontaneous division." l. c. P· 284. 

This genus is easily recognised by the pediculate wedge form frustules. The animalcules are 
often seen detached from their foot stalk, and then move about freely. 

Two species are represented in figures 18 and 19. The small figure (lSa) shows the branch
ing filaments which support the siliceous frustules. 

Fragillaria. 

"Free, carapace simple, bivalve or multi valve, siliceous, prismatic, formed of continuous 
chains (resembling fragile ribbands) by imperfect division of the carapace and body." l. c. P· 216. 

Fragillaria pectinalis, (fig. 20, 21. This very common species is often found in the fossil slate 
in Massachusetts; it appears to be the F. Pectinalis of English Algologists,but differs from Ehren

berg'scharacterof being cc swollen and lanceolale on the lateral side, 8 ridges in 1-lOOth of a line.'' 

Gaillonella. 

"Free,carrpace simple, bivalve (siliceous) forms cylindrical, globular or discoid, having the 
form of a chain by imperfect spontaneous division." 

Gail011el/a dislans, (fig. 22.) Corpuscles cylindrical, short, truncate and flattened on two sides, 
smooth, two pierced furrows (" sillons,") always separate in the middle. 1-576th to l-72d 
line, usually about I-28th of a line." I. c. pp. 256, 258. 

This species in the fossil state constitutes a large portion of the polishing slate of Bilin and 
Cassel, the fossil farina of Santa Fiora and Kymmene Gard. 

It is common in the recent and fossil state in Massachusetts. The specimens of Fossil In
fusoria from l\Ianchester are almost entirely composed of it. 

To this genus belongs G. ferruginea, a figure of which is given in Lyell's Geology, (p. 39.) 
It is considered by Ehrenberg as contributing to the formation of bog iron ore. lt is probably 

common throughout the United States, as I have seen it in Rhode Island, New York, Ousconsin, 
and Virginia. 
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Many other species of Infusoria occur in the fossil state in l\Iassachusetts, but I must refer for 
further information with regard to them lo the memoir above ntentioned which I hope soon to 
complete. 

Siliceous Organic Bodies 1wt derived from liifusoria. 

Spongilla lacrutria, (figs. 22, 23, 24 anJ 25.) Almost every specimen of fossil Infusoria which 
I have examined, contained spicul:.:e of the fresh water sponge. I have frequently examined this 
singular production while Uving, and have satisfied myself that the spicuh:e (figs. 22,23, 24 and 
25,) so common in the fossil state are derived from this supposed an imal body A very Jarge 
portion of its mass is made up of these siliceous spiculre entangled and crowded together in vast 
numbers. 

Amphidiscus rotula, Ehr. (fig. 26.) This name has been given by Ehrenberg to small silice-
ous bodies which he aptly compares to little thread spools. Their nature is unknown ; but Ehren
berg conjectures that they are internal portions of a Spongilla or Tethya. They were first detected 
by Ehrenberg in specimens of fossil infusoria from West Point. He afterwards found them in 
specimens from the banks of the Amazon. I have found them in the peat earth of West Point, 
and in specimens from near Boston, also particularly abuodantamong thefossilinfusoriaof Wren
tham, Mass. 

Examination of Fossil Infusoria from Localities in Massacliusetts. 

It will perhaps be unnecessary to state in detail the species found in each of the specimens 
you sent me from localities in Wrentham, Bridgewater, Spencer, &c. &c. It will I think be 
sufficient to state that most of them contain the same species, among the most abundant of which 
are Navicnla viridis (figs. 1, 2.) Navicula ?-- (figs. 4, 5.) Cocconema, -- \figs. 9, 10.) 
Eunotia,severalspecies; Synedra; Fragillaria pectinalis, (figs.20,21.) Gaillone11a distans, (fig. 
22.) and occasional frustules of Gomphonema, and Bacillaria, together with siliceous spiculre of 
Spongilla. The most interesting specimens are the following. 

No. I , from TVrentham. This is very pure and white, and in addition to numerous common 
species, it contains the Amphidiscus voluta in greater abundance tl\L).n any specimen I have seen 
from other localities. There are also present in it some very minute spheres (6g. 27,) and tear 
shaped bodies (fig. 28,) belonging to species of lnfnsoria which I have not yet satisfactorily de
termined. It also contains a numbtr of siliceoiu bodies (see fig. 29,) which resemble the pric· 
kles on the cuticle of certain aquatic grasses, but I am not certain that this is their origin. 

No. 2, from Mancheller. This is a perfect specimen ofjossilfarina (Bergmehl) It is chiefly 
composed of frustules of Gaillonelladistml!, which are so minute as to form an impalpable powder, 
among which are scattered a few individuals of Navicula viridis, a Cocconema, fig. IOa, a species 
of Eunotia, (figs.13 to 17,) with a variable number of tooth like projections at the back. There 
is also present in the specimen two species of small Naviculre, (figs. 30, 31,) which I have not 
noticed elsewhere. I also noticed in it a small number of granules of the pollen of some Co
niferous plant. 

No. 3, from Bridgewater. This is very impure, containing a large portion of sand. It is 
however of interest as it affords the only fossil specimens 1 have yet seen of the beautiful Navi
cula? (figs. 6, 7.) This occurs however but rarely and mostly in fragments . The most abun
dant species in this specimen is Navicula viridis. 

No. 4, from Spencer. This is a very white, compact specimen, resembling a Jump of Carbon
ate of Magnesia. The species it contains are only the most common ones, such as Navicula 
viridis1 Cocconema, (fig. 9, IO,) frustules of Gaillonella distans, &c. 

No. 5, from Ando1'er. This is lead colored, contains some sand with numerous common spe· 
cies of Infusoria, a large number of the minute spheres and tear shaped bodies, figs. 27, 28, and 
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I noticed also n Pyxidicula, a fragment of an Amphidiscus with the stem unusually long, and 
some irregular linear bodies which perha1>s were derived from the siliceous cuticleofsome aquatic 
grass. 

Besides the above, I have examined the specimens you sent me from Sturbridge, as well as 
specimens from near Worcester and Boston, sent to me by 0. Mason, Esq. These all contain 
lnfusoria, but I noticed none of peculiar interest except Amphidiscus voluta in the Boston specimen. 

The figures illustrating the above were all drawn to the scale annexed, which represents 10-
lOOths of a millimetre, as they appeared with the same combination of lenses, camera lucida-eye 
piece, &c. as was used in making the figures. This scale then will serve to show the absolute 
dimensions of any of the objects above represented, and it is easy by means of it to determine the 
magnifying power employed. 

'lhe microscope I use is an excellent achromatic one, made by Charles Cbenlier. The high· 
est power was not used in drawing the above figures, as it would have made them uselessly large. 

I think you can add greatly to the interest of the above hasty sketch, by giving an account of 
the various localities from which the specimens were collected. 

With much respect, I remain, 
PnoF. H1TCHCOCK. Your Obt Servant, 

Geologisl,for Mau. J. W. BAILEY. 

Explanation of Fi91. I, 2, and 3. 

Fig. I. Side View of Navicula viridia. Fo11i1 1 from Wrentham. 
Fig. 2. VeDtral aide of some specimen&. 
Fig. 3. Ehrenberg'11 representation of the living animal. He givea the following explanation of the 

figure. "A living specimen from Berlin, in which by the injection of indigo are plainly to be recognized, 
the etomach v, the two great spherical sexual glands u, and the plate form extensions of the green ova.rium, 
o mouth opening, o sexual opening: a a a a, four movement openingq 1'• p, &c.tbe pediforrn organs of motion. 
The viaible currents on the body both creeping and at rest are denoted by arrows." Fig. 3, ventral •idc. 

Unfortunately the engraver of Ehrenberg'• figure neglected to place the necessary letlera of reference: I 
have ventured to 11upply the omission as far aa J could with certainty, 

Recent Calcareo1ts Breccia. 

I have discovered but few examples of the recent formation of conglomerates or breccias in 
Massachusetts. But No. 1552 in the State Collection, which was presented to me by Charles 
B. Boynton Esq. of West Stockbridge, is a curious example of th.is sort. In the marble works 
under his care in that town, the fragments broken off were thrown into a small stream that car
ried the machinery: and 17 years afterwards, they were found converted into this breccia by the 
deposition of the carbonate of lime held in solution. It will been seen that few breccias or con~ 
glomerates are more firm, and yet we are certain that the period required for its production could 
not have exceeded 17 years. A demonstrative proof, many may exclaim, that the immense periods 
demanded by geologists for the formation of the fossiliferous rocks, are unnecessary. Truly so, I 
reply, if all those rocks had been concreted by carbonate of lime, which is the fact only of a 
small part : if their composition and cement had not repeatedly changed : if they all cont:iined 
the same organic remains, and if no other evidence of slow changes appeared in them. Bui 
these circumstances make the inference entirely nugatory . 

.11/luvium of Disintegration. 

Very few rocks have the power of completely resisting the united influ· 
ence of air, water, heat, and cold. And some kinds are powerfully and deep· 
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ly acted upon by these agents. Perhaps the new red sandstone is more 
affected in this manner than any other rock in l\Iassachusetts: and not unfrc
quently its surface for several feet in depth, is conrnrted into mere sand and 
gravel. This becomes gradually mixed with the soil, and gives a decidedly 
red hue to extensive tracts. Next to this sandstone-and I am not sure but 
even more subject to decay-is our gneiss; especially that in Worcester 
county. Dence in that part of the State-hilly as it is-we sometimes 
scarcely see a rock in place in crossing a whole township. In an excavation 
which I lately noticed in Spencer, I had an opportunity of obser\'ing that a 
disintegration had taken place in the gneiss, from 6 to 10 feet in depth. I 
could distinguish the materials resulting from disintegration, from the dilu
vium lying above them, by observing that in the fo1·01er the mas•es of gneiss, 
remaining undecayed, had a position parallel to that of the layers of the solid 
gneiss beneath, being considerably inclined; whereas the fragments in the 
diluvium exhibited no such parallelism. I have never seen a disintegration 
so deep as this in the new red sandstone, though in the vicinity of New Ha
ven, Ct. its depth is several feet. Some varieties of trap rock, particularly 
one on Connecticut river, whose base is wacke-like, and some of the sienites 
in the eastern part of the State that abound in iron, disintegrate, and even 
decompose, rapidly. Mica slate and talcose state are similarly affected, though 
to a less extent, as is also argillaceous slate, and some varieties of slaty gray
wacke. 

Quartz rock, for the most part, is one of the most indestructible of all our 
rocks. Those rounded and smooth bowlders of granular quartz especially, 
that are so common in the western part of the State among the diluvium, ap
pear in 'general to have bid defiance to all decomposing agencies in past ages, 
and to be destined to endure unchanged for ages to come. Yet I had recently 
pointed out to me a rather curious, and somewhat instructive example of 
t!Jese bowlders, lying in the former fruit-tree nursery of Mr. Tracy, in 
Norwich. It was several feet in diameter, and though notso smooth as some 
bowlders of this kind, yet I should not have suspected that it had suffered the 
least waste, were it not for an inscription that appears upon it. The name of 
John Gilpin is marked on its upper surface, in a large fair hand, a few of 
the lette1·s only being indistinct. These letters are not cut in the stone, nor 
do they consist of any foreign substance, like ink, or paint, spread over it. 
But they are rendered visible simply by the lighter color of the surface, 
where they were originally written ; and by pas~ing the finger over them, 
it is obvious that they project slightly. Hence I infer that these letters were 
orignally written with some kind of paint, which prevented the rock be
neath it from decaying: while the decomposing process went on gradually 
on the oilier parts of the stone. Now as these letters must have been writ-
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ten since the settlement of that part of the country, we cannot suppose that 
more than 150 years at the longest have since elapsed: and probably the 
period is much less. We have here, then, a sort of measure for determining 
the rate at which hard quartz rock will decay by atmospherical agencies . 

.fi.lluviwn of Degradation. 

Three causes are constantly operating to degrade the mountains and hills, 
and to fill up the valleys, viz : rains, frost, and gravity. That they have not 
already reduced the earth's surface to a level, is decisive proof that the globe 
has not existed in its present state eternally. It is true that there is evidence 
along some coasts that the land has risen considerably in quite modern times. 
And some have maintained that the elevation of land in general by volcanic 
agency, exactly balances its degradation by aqueous and atmospheric agents. 
But the leveling process of which I speak, applies to the lofty primitive 
ranges of mountains upon existing continents, which no slow vertical move
ment, even of a whole continent, could produce. They must, have been 
chiefly formed by an upheaving agency more powerful than is now exerted 
on the globe, while yet our continents were beneath the ocean. And the fact 
that the unceasing process of waste and degradation to which they are expos
ed, has not yet reduced them to a level, shows at least, that this process must 
have commenced in time; and therefore the present state of the globe has 
not existed eternally. 

In precipitous ridges, parlicularly of trap formation, frost commences the work of degradation. 
\\Tater, penetrating the fissures of these rocks, expands by freezing and forces them slightly 
asunder. This makes room for a larger portion of water the succeeding winter; and thus the 
process goes on until the columnar masses of rock are urged downward by the force of gravity 
and powerful rains. This is the origin of those extensive slopes of broken fragments, or debris 
of rocks, which arrest the attention on the mural faces of the greenstone ridges in the Connecti
cut valley. Generally these fragments rise only about one half or two thirds the height of the 
ridge ; though sometimes they continue to the very summit : the process of degradation from 
this cause having come to an end. 

Instances of this kind as above stated, have been regarded by geologists as a kind of natural 
chronometer, demonstratingtherecent orgiu of the present state of the globe. No observations, 
however, have been made on the progress of this leveling process accurate enough to compare it 
with historical records. 

'Vhen the three causes of degradation above mentioned combine their maximum energy on 
the sides of steep Alpine summits, they produce the well known and sometimes terrific phenom
enon of llind-slips. Though examples of these on a limited scale are very common in :Massa
chusetts, yet the only one worthy the particular attention of geologists, is on the southwest side 
of Saddle Mountain, at the place called the Hopper. But this has been particularly noticed in 
the second part of my Report. 

41 
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Hydrate ef Iron or Bog Ore. 

In the western part of Worcester county, and over a large extent of terri
tory, the process by which this ore is produced and deposited, is so manifest, 
that it deserves description. The gneiss rock there, abounds with the sul
phuret of iron. This is continually undergoing a decomposition by the ac
tion of heat, air, and moisture; and become changed, first into an oxide, and 
then, some of it into a sulphate. The oxide usually imbibes more or less of 
carbonic acid from the atmosphere, and is changed into a carbonate ; which 
is soluble in water. Or this oxide, being washed from the rocks by rain into 
cavities, meets with water containing carbonic acid, by which it is dissolved. 
Once dissolved, it is readily transported to ponds o.nd swamps, and there de
posited by the evaporation of the water. In the region above referred to, 
this process may be witnessed in all its stages. By breaking the rock we 
find the sulphuret unchanged; while the surface is coated over with the 
oxide, sulphate, and carbonate. The soil, also, to a considerable depth, ex
hibits very strikingly the color of iron rust; and in the low grounds the bog 
ore is abundant. 

Probably a similar theory will apply to the production of this ore in other 
parts of the State; though I know of no spot where the process is so obvious 
as in Worcester county. Indeed, the fact that very many of our bog ore de
posits are buried several feet deep by soil, and occur on dry ground, shows 
that in those places the process of its formation has long since ceased. In 
several ponds in the southeast part of the State, it is said however, that it is 
forming rapidly. · 

Since iron is a minP.ralizer of organic substances, we might expect to find organic remains in 
bog ore. In that of Massachusetts, I have noticed only vegetable relics. In New Braintree 
the culms, spikes, and spikelets of grasses-mostly of carex-are common. The spikes and 
apikelets especially, are very distinct and perfect. (No. 19.) Even the natural color of the 
fruit is sometimes preserved i and to appearance it seems to be unaltered, but examination shows 
the whole to be only iron ore. I have a specimen of the trunk of the alder from N. Hampshire, 
perfectly mineralized by oxide of iron 

Hydrated Oxide of Manganese or Wad. 

I know not why geologists have omited this substance in enumerating alluvial deposits. For 

it seems to have as good claims to be regarded alluvial, as bog ore and peat. I refer particularly 
to the hydrated oxide, or black wad; which is ordinarily a mixture of manganese, iron, an<l clay. 

This is certainly produced daily by a process analogous to that which forms bog ore ; that is, the 

decomposition of rocks containing manganese, exposes that metal to be washed by water into cav

ities on the surface of the earth, where it either incrusts other substances, or forms a separate 
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tleposit. Instances of this incrustation may be seen every where in the primary region west of 
Connecticut river; and examples of such deposition I have observed in Leverett, Whately, and 
Conway. These deposits are sometimes a foot in thickness_, and occur in low places, covered 
only hy a few inches of soil. (Nos. 20. 21. 22. 1686) 

Power of Ice in the removal of Bowlders iii Ponds. 

1 am not aware that this phenomenon has been noticed on the eastern continent ; and it has 
been but rarely observed on our own. Its effects in modifying the face of the globe must be very 
limited ; yet they deserve enumeration. 

It is well known that water, by an apparent exception to a general law, expands with great 
force when freezing, and even far below the freezing point Over a large extent of surface this 
effect may be very considerable; and when bowlder stones, lying in shallow ponds, become par
tially enveloped in the ice, they must feel the effect of this expansion, and be driven towards the 
shore: since the force must always act in that direction. A.s no counter force exists to bring 
back the rock to its original position, the ultimate effect must be to crowd it entirely out of the 
pond; and perhaps to this cause we may impute the fact, that on the margin of some ponds we 
find a ridge of bowlders ; while the bottom, for a considerable extent, is free from them. 

The removal of rock masses in this manner was first noticed in Salisbury, Ct.; and a state
ment published in Vol. 9th, of the American Journal of Science. I have seen no similar instance 
in Massachusetts; but Rev. Sylvester Holmes, of New Bedford, informs me, that an undoubted 
example of these traveling bowlders exists in a pond in Carver, Plymouth county; and that their 
track in the mud is quite obvious. 

Si11gular /lent in the Soil by Prost. 

Jn the year 1818, I examined a remarkable example of rents in the surface of an alluvial mead· 
ow in Deerfield, which may properly be noticed in this place, being probably dependent upon 
the same principle as the removal of bowlders in ponds. The spot was upon the south bank of 
Deerfield river, near Pine Hill ; and has since been entirely worn away by the water. It \Vas 

then a grass field, elevated 14 feet above the river, whose central part was about 5 feet higher 
than its east, south, and west border, which consisted of a swale,or low marshy ground, through 
most of which a ditch was dug, communicating at each extremity with the river. Fig. 47. will 
convey an idea of the situation and nature of this convulsion. 
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Fig. 47. 

On the most elevated part of this spot in the spring of 1818, I found a fissure one inch wide, 
and 14 inches deep, which formed an almost perfect e1lipse, whose longer diameter was 9 rods, 
and the shorter one, 5 1-2 rods. Within this fissure were several others, nearly concentric to it, 
but none of them extending around the whole ellipse: and near the longer axis were other rents 
running in various directions. Along that axis, the greatest effect of the disturbance appeared. 
The soil, on its south side, to the depth it bad frozen during the winter, viz: 14 inches, was 
raised up and crowded northerly, so as to overlap the north edge about 3 feet: or else the two 
edges were both raised up so as to stand slanting like masses of broken ice against each other. 
Yet in most of the other fractures, there was a space between the broken masses; as if thPy 
had been withdrawn from one another. At the extremities of the transverse axis also, there 
was an overlapping of the edges of the earth of about 2 feet, extending nearly 2 rods each way 
from the axis. The ground beneath the frozen crust did not appear to have been disturbed 
at all. 

In another part of the same meadows I found a second though less perfect example of the same 
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description in the soil, whose situation and general character were very similar ~o those above 
described. Its diameters were 7 and 8 paces. 

1 impute this unique phenomenon to the expansive power of frost. The month of February 
had been unusually cold. Its mean temperature was as follows at Deerfield. 

At 7h. A. M. 6° Fahr. At 1 1-2 P. M. 24°. At IOh. P. M. 11°. On the 27th. of February, 
the thermometer stood at 15Q below zero ; when the cold suddenly relaxed, and a rain succeeded, 
by which Deerfield river was raised so as to flow over the spot where the rents took place, to 
the depth of five feet. On the third of March, some boys were sailing near the spot, and noticed 
a good deal of agitation and bubbling of the water, with an occasional jet 3 or 4 feet high. 
During the succeeding night a violent detonation was h~ard by a family living a mile distant, 
which they said resembled the cracking of the ground by frost, though so powerful as to throw 
down some of their furniture. The disruption was not discovered till a day or two after; but 
very probably it was made at that time. 

Now the probability is, that the frozen surface of the earth around this spot, had been unusual· 
ly expanded by the great cold of the winter, and that in the highe>t part of the field it had been 
gradually swelling up, without breaking, and the air, forcing its way into the cavity beneath. 
The water that flowed over the spot would partially thaw and weaken the envelope, and through 
any fissures that might exist, the air would rush out and throw up the water in a jet, till at length 
the weight of the waler might break the frozen crust and relieve the tension, producing an ex ... 
plosion. The frozen masses of earth along the longer axis and at its extremities would overlap 
as is shown in the Section at the top of Fig. 47; which crosses the spot from north to south. 
But as the frozen surface around thawed and contracted, it might cause the outer fissures to sep
arate a little as they seem to have done. 

Why may not this alternate expansion and contraction of the frozen surface of the earth, pro
duce in some places, geological changes of considerable importance? Where the soil is very 
much saturated with water, the effect would of course be most striking. Indeed, it is probable 
that a soil may contain water enough to make it freeze, and yet so little, as actually to contract 
by the process. 

In the first volume of the American Journal of Science I gave a more particular account of 
the above occurrence than can be presented here. 

Jlction of the Sea 1pon the Coast. 

It would not be proper in this place to go into the minute details of this 
subject. Where the combined and often conflicting agency of breakers, tides, 
currents, and rivers at their mouths, is to be taken into the account, it is ob
vious that very complicated effects must result: yet in general it may be 
stated, that the sea sometimes encroaches upon the land, and sometimes makes 
additions to it. Whether upon the whole these effects are balanced, is a 
question upon which geologists are divided in opinion. My object is merely 
to state such facts as have fallen under my notice in respect to the coast of 
Massachusetts. 

.Encroachments of the Sea. 

The most remarkable example of this occurs in Boston Harbor. Here, as is well known, are 
numerous picturesque islands, the inner ones, nearly as far as the Boston Light, being composed 
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chiefly of diluvium; though on their shores, at a low levt:l, not u11freq1.1ent1y we find argillaccous 
11late and other rocks that occur on the main land. But all the islands outwards from the Great 
Brewster, are merely naked masses of rock, and it would be natuu.l to infer that the diluvium 
bad been removed from these, even if we did not actually detect the process. But on the Great 
Brewster, the work is going on before our eyes. ]ts eastern side is a high bank of diluvium, ob
viously wasting away by the action of the waves that roll in upon it from the wide Atlantic ; 
while the extensive beach along its southern side, is composed of the materials that have been 
swept away from its outer coast. The same process is seen going on upon the outer side of 
several other islands; and on Deer Island an extensive wall of stone has been erected by the 
U. States Government to arrest the progress of this degradation; which, if continued much 
longer there, would lay open the inner part of Boston Harbor to the fury of the northeasterly 
1torms. 

It seems to me that no man accustomed to reason correctly from geological facts to their causes, 
can hesitate, in view of the appearances which these islands exhibit, to infer that all those islands 
outside of the Great Brewster have been deprived of their diluvial coat by the action of the ocean. 
Nor when we consider the frequency and violence of northeast winds and storms upon this coast, 
need we fear that the cause is inadequate to the effect; although it is not less than two and a half 
miles from the Great Brewster to the outermost of the Craves. It does not, indeed, follow, that 
all the intervening space between these outer islands was once solid land; so that the ocean has 
actually worn away 2 1-2 miles; and yet, this seems highly probable. Indeed, the mind is 
irresistably led to inquire whether the whole harbor has not been produced by the same cause ; 
and when we see so many islands scattered over its bosom, which se~m obviously the wrecks 
of one continuous diluvial formation, and perceive that the rocks, wherever they occur, are only a 
continuation of those occurring on the mainland, the most cautious reasoner can hardly avoid the 
conclusion that such was the origin of this harbor : or, at least, that this was a powerful auxiliary 
cause in its formation. Nay, it is difficult to see why the same reasoning will not apply to the 
whole of Massachusetts Bay; and when we see with what tremendous force the ocean must, for 
ages, have battered the hard sienitic rocks of Cape Ann, and what an immense accumulation of 
nod, gravel, and bowlders, has been made along the south shore of this Bay, we feel almost pre ... 
pared to adopt this theory. And yet, we are staggered in our belief when we reflect on the im
mense period of time requisite for such a work; and doubt whether other geological facts do not 
indicate a later commencement to the present order of things on the globe. 

The proper place for learning the dynamical effect of northeast storms upon our coast, is on the 
northeast side of Cape Ann. Rocks of many tons weight have been in this manner moved from 
their beds, and driven inward a considerable distance. One has only to visit this coast to be as
tonished at the marks everywhere exhibited of the powerful agency of a stormy ocean, and to be 
satisfied that nothing but the extreme hardness and unstratified structure of the rocks has enabled 
them to resist its violence. And when we learn that the rocks of Boston Harbor are softer and 
schistose, we see a sufficient reason why they have given away before the breakers ; while Cape 
Ann, and the shores of Cohasset and Scituate maintain their position. 

I have received the following statement from Dr. Benjamin Haskell of Sandy Bay, on the north
east side of Cape Ann, illustrative of the power of the stormy waves of the ocean upon that coast. 

" The northeast extremity of this Cape, known by the name of Flat Point, differs from the 
general features of the coast, by extending into the sea with a gradual slope, instead of the bolder 
aspect of the adjacent shore. Upon this point the sea beats during a northeast storm with a vio
lence conceivable only to those who have witnessed it. Here, at a distance of from 60 to 100 
feet above high water mark, lies what a farmer would call a winrow of bowlders, which there is 
every reason to believe have been thrown up within a few years." 

"These bowlders are irregular in form, and angular, their corners being scarcely rounded by 
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attrition. They exceed in size any thing of the kind in this vicinity. A number of them would 

weigh 10 or 15, and some even 20 tons. But there is one far more interesting than all the rest; 

both on account of its greater bulk, and comparative regularity of shape, which renders the former 

easy to be estimated, and thus affords the means of ascertaining the maximum force of the Ocean 

in its anger. This rock was originally attac.hed to a ledge about 5 feet above the level of the sea. 

The broken surfaces correspond so exactly as leave no room to doubt from whence it was detach

ed. From this spot to the spot where it now lies, the direction is south, a Httle westerly. The 

distance 106 feet: but between the two positions, there is a hollowing of the ledge, (not a recent 

one) over which it must have passed, so that tbe ascent of the rock up this old-fashioned railway 

cannot have been less than 10 feet." 
"The weight of this bowlder has been calculated with care, due allowance having been made 

for irregularities of surface, and found to be rising of 28 tons. Wbat an illustration of Hydrody
namics?" 

Several cliffs of clay and sand along the coast exhibit the combined effects of the ocean, rain!, 

frost, &c., in wearing away the land. In Chilmark, on Martha's Vineyard, is one of these facing 
the southeast, and at least a mile in length. It is now rare that the breakers rise high enough to 

impinge directly against the cliff: but they wash a way whatever materials have been brought down 

by the rains. Gay Head, which is the western extremity of the same island, presents a cliff of 

variegated clays, sands, &c., not less than 150 feet high j and which standing exposed to the buf
fetings of winds and waves from the sea, and to the wastes of storms from above, exhibits perhaps 

the most instructive example along the shore, of the effects of these agents. In the second part 

of my Report, I described this cliff as a most picturesque object of scenery, but there is not like

wise a more interesting spot in the State, to the Geologist. And among other things he cannot but 
notice the numerous fantastic forms into which the lofty masses of clay have been worn, while the 

numerous bowlders and pebbles along the beach attest the violent action of the sea. The following 

sketch, hastily taken, will give some idea of the aspect of the northwestern part of this cl iff, as 
seen by a person standing on the beach below, close to the water. To exhibit it in perfection, the 

various lively colors of the different kinds of clay should be put upon it. 

Fig. 48. 

Oblique Vi~1c of the Clay Cliffs at Gay HMd. 

A similar bank of Clay occurs at the Light House in Truro, near the extremity of Cape Cod. It 
lies exposed to the unbroken fury of the wide Atlantic, and the marks of slow encroachment upon 

the land are quite manifest. Indeed, it is the prevailing opinion in that region, that this Cape is 

wearing away along the whole extent of its eastern extremity, and extending farther into Massa

chusetts Bay on the opposite side. I have no doubt that this is the case. For the general current 
on that coast is towards the south. 
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The same I presume is true of a considerable portion of the eastern shore of Nantucket. From 
data, on which Lt. Psescott places considerable confidence, he infers, that in one place, the loss of 
land within half a century, has amounted to3 or 4 rods in width. 

Thisadvanceof theocean,however,must not all be imputed to the action of currents. For 
when once a sand bank of considerable height bas been raised on the coast, the sea breezes will 
drive it inwards farther than the land breezes will bring it back. This inland march is quite 
obvious on Chatham Beach, in the situation of a swamp, which, 50 years ago, was in the center of 
the beach; but now lies near the eastern shore; the body of the sands having moved further west. 
A salt meadow formerly situated on the western side of the beach, adjoining the old north passage 
into Chatham harbor, has been covered up, and now begins to be disinterred on the eastern shore. 
A similar change of sides has taken place in a peat swamp on Nauset Beach; which lies north of 
Chatham Beach, JOining the mainland at Eastham. 

I have described, in the second part of this Report, two excavations in solid rock in Newport, 
Rhode Island; one of which is called Purgatory; and these may be taken as a good example of the 
action of the sea upon a rocky shore. 

Gain of the Land upon the Sea. 

Very frequently the materials that have been swept away by the sea, are 
again deposited by tides and currents along the same coast, forming low 
beaches. This is the case in nearly all the instances on our coast where the 
land is wasting away. Perhaps the most remarkable example is Chatham 
Beach, at the southeastern' extremity of Cape Cod, which was all probably 
formed in this manner. On the Cape I was informed that this beach had 
advanced southerly, drn'ing the last 40 years, at the rate of a mile in eight 
years. Des Barres constructed a chart of this coast in 1772, and he says that 
the gain of this beach, for 30 years previous to that period, was 2 1-2 miles, 
that is a mile every twelve years. 

An intelligent writer in the Barnstable Journal, however, bas recently stated that it has advanc
ed southerly only three miles in 70 years. He says that 20 years ago, this beach was an island ; 
and that there was a good harbor near its northern termination, which is now entirely filled up; so 
that no identation of the coast marks its foriner situation. Webb's island, also, situated not far 
from this harbor, is entirely washed away. In consequence of these changes, it is well known 
that the harbor of Chatham, once excellent, is nearly ruined; and nothing can save it from complete 
destruction but the forming of a new entrance. 

Nauset Beach, already referred to, has likewise extended, according to the same writer, a mile 
southerly in 50 years : and it can extend no farther in that direction. In Nauset harbor the salt 
marsh has so much increased within 40 years, that 300 tons of salt grass are now cut where at that 
time only fiats existed. 

Monomoy Beach extends southerly from Chatham towards Nantucket; and has been formed ina 
similar manner by increments at its southern extremity. Not long ago the sea broke across the 
northern part of this beach, so that it is now an island. 

Sandy neck extends eastward from Sandwich, nearly across Barnstable harbor, and it continues 
to advance in an easterly direction. There can be little doubt, also, that the whole of Provincetown 
was formed in the same manner, and ought to be regarded as alluvial. 

In like,manner Smith's Point, which is a low and sandy beach constituting the southwestern ex-
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tremity of Nantucket, has been produced by materials drifted thither by tides and currents from the 
eastern side of the island. When Des Barres constructed his chart, its extent was nearly the same 

as at present. But since that time, as Lt. Prescott informs me, it has been from one to two miles 

shorter. Whether the current that forms this beach passes around the northern point of the island, 

or along its southern shore, has not been ascertained : but it is rertain that a current does set around 

the northern point, and thence along the northwestern shore, as certain facts prove, which I have 

not space to mention. And probably it is this current chiefly which has formed Smith's Point; 

and not unlikely, also, the islands of Thuckanuck and Muskegut, as well as the extensive shoals 

between Nantucket and Martha's Vineyard. It may be likewise, that another current passes along 

the south shore of Nantucket, aiding in this work, and forming Nantucket Shoals. And perhaps 

the irregular action of these currents, aided b'y unequal tides, may sometimes lengthen out, and 

at other times curtail the low beach of Nantucket called Smith "s Point. 
In several other places on the shores of Nantucket, there appears to have been an accf'ssion to 

the land, in the manner that has been described. But I am too ignorant of details concerning these 
spots, to be able to make any statements of interest about their progress or extent. 

Consi<lerations like the foregoing, often lead a man to feel as if such low 
sandy islands at Nantucket, and others in its neighborhood, were sliding from 
under his feet. But that no general change of position has taken place in 
them is obvious from the fact, that some of the cliffs on the shores of Nan
tucket at least, exhibit regular layers of sand and clay, demonstrating its 
general structure to be that of a formation, by diluvial or tertiary agency, 
which has never been removed since its original deposition. True, ifthe 
world exist long enough, and the present agencies continue to operate, the 
whole island will change its position. But as the work has progressed so 
slowly during the past 6000 years, the time requisite for its completion must -
be immensely great. 

Dunes or Downs. 

Sand is frequently thrown by the spray, or waves, during a storm, so high 
upon the shore, that the reflux waves do not carry it back. This being dried 
by the sun, is driven inwards by the sea breezes, and in the course of time 
forms hills of considerable elevation. Or sometimes the wind from the sea 
raises the sand from a cliff of tertiary formation, and carries it inland. Thus 
are formed those moving sand hills, which on the eastern continent, are 
called dunes or downs, and which have excite<l so much interest near the 
banks of the Nile. As might be expected, these dunes are common along 
the shore in the southeastern part of Massachusetts. They may be seen in 
the greatest perfection and on the largest scale, on Cape Cod ; particularly 
near its extremity. They are frequently as high as 60 or 70 feet, and on 
the east end of the Cape, they move towards the west, but at what rate, in 
any instance, I was unable to ascertain. A series of these dunes, several 
miles long, threatens the village and bay of Provincetown, and large quan
tities of the beach grass have been transplanted to their ridges for the pur
pose of arresting their progress. I observed also, that the two species of the 
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Hu<lsonia, which are common on the Cape, present no small obstacle to the 
advancement of these sands; though never transplanted, that I am aware of, 
for this purpose. 

Ou both shores of Cape Cod throughout its whole extent, may be seen dunes more or less ex
tensive; and by their snowy whiteness they sometimes give great interest to the landscape. I 
cannot learn that any of them have been productive of such extensive mischief to farms and villa
ges as has sometimes resulted from their progress on the eastern continent. It would be strange, 
however, if the future history of Cape Cod should not contain catastrophes of this kind. lndeed, 
1 have stated that they have aided in filling up the harbor of Cb at ham already. And in the 
west part of the village of Provincetown, I noticed houses about which the sand had accumula
ted so as to leave the first story nearly below the surface; although the sand was preventedJrom 
coming in contact with the house by a wall. 

Dunes of small extent, and of low elevation, occur on Nantucket, Martha's Vineyard, some of 
the Elizabeth Islands, and in many places along the coast in the County of Plymouth. Move
able sand hills also rarely occur in the interior of the State ; as, for instance, in the Connecticut 
valley, in Montague, Hadley, and in Enfield, Ct. But concerning these I know of no facts of 
special interest, except that they are slowly advancing towards the southeast; indicating the 
predominance of northwest winds. 

One of these, for instance, exists in the east part of Hadley, a few rods south of the road lead
ing to Amherst: and its southeasterly movement is quite evident. For on that side the pines 
and other trees, which are some 30 or 40 feet high, may be seen deeply buried in the sand. 

S1pposed .!lgency of Mollusco!ls .!Jnimals in prodMcing Geological Changes 
on the Sea Coast. 

I am indebted for the following suggestions to Dr. James E. DeKay, Zoologist to the State of 
New Yoric. Though the observations were made upon Long Island, they will most probably ap
ply to the coast of Massachusetts; and it would not be strange if this apparently minute agency 
should be found, like many other causes apparently minute, to exert an influence of great im
portance. 

"I haveresidedlatterly," says he, ''on the shore of a large bay, on the northern coast of Long 
Island; and the changes effected on its sandy beach by winds, tides, and apparently irregular 
currents, have attracted much of my attention. lt has, however, often been a matter of great 
difficulty to account for the deposition of materials in places, where, from the operation of the 
a.bove named causes, they certainly ought not to be found. Will the following facts throw any 
l ight on this subject. 

"1n a calm, still day, I have frequently noticed the surface of the water covered with patches 
of sand, varying in extent from ~ne to six or eigh~ inches square. These patches are composed, 
of course, only of the finer portions of sand, adhenng to each other by a thin film of gelatinous 
matter, which gives buoyancy to the mass. I have been surrounded frequently, by patches of 
this kind, in tolerably close contact, and covering a surface of several hundred acres. The 
lightest touch of an oar, or a slight breeze, causes them to sink immediately. The rationale of 
their formation I conceive to be this. The shore we know to be peopled with myriads of minute 
mollusca, furnishing, either by their excretions, or their own proper bodies, a gelatinous sub
stance, which hardens upon exposure to the sun, aud forms a crust including the subjacent sand. 
In this st~te the ti~e comes in quietly, detaches suc~essi~e portions of this crust, in larger or 
smaller pieces, which are borne away by the retreatmg tide May not this silent and hitherto 
Qnnoticed transportation counteract, to a certain extent, the operation of other known agents ? 
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It is not philosophical, I admit, to impute important effects to slight and apparently inadequate 
causes, but it is equaJly unphil<»:oophical to neglect trifling phenomena until the na.lure and ex
tent of their agency has been thoroughly inve.itigated." 

I will only add, that I possess some of these sandy films, found on the coast in the southeast 
part of Massachusetts, to which the dried animals are still attached. I hope the attention of 
geologists, who are favorably situated for observing this phenomenon, will be excited to the 
subject. 

Valleys. 

The man who takes only a hasty glance at the subject, is very apt to im
pute all valleys to the action of existing streams. But it needs only a slight 
examination to satisfy the observer that such a cause is totally inadequate to 
the effect. It will not, for example, explain the very common occurrence of 
one valley crossing another. Hence geologists have been obliged to resort 
to several causes to explain all the phenomena. The origin of one class of 
valleys, they refer to the original elevation and fracture of the rocks by a 
force acting from within the earth, and hence sometimes called valleys of dis
location. A second class they regard as the result of aqueous action in early 
times, and hence they are called valleys of denudation. A third class they 
suppose to result from the agency of existing streams. 

Few of the valleys of this country have as yet been geologically described. The subject is 
a difficult one, and the observer needs to examine long and patiently before he can in many in
stances satisfy himself in what manner valleys haYc been produced. 

Since many of the vallies of this state must be referred to the original elevation of the strata, 
it is premature to treat of them all under Alluvium. But as it will be more convenient to con
sider all the varieties of our valleys together, I shall examine the whole subject in this place. 

Valleys of Connecticut River and its Trilntlaries. 

It is now generally admitted by geologists, that all stratified rocks must 
have been originally deposited in nearly horizontal layers, and subsequently 
elevated to their present inclined position by a force acting beneath. Such 
a disturbance must have produced many violent and extensive fractures in 
the strata and valleys of every shape. And since in the mountainous parts 
of Massachusetts the strata are mostly primary and highly inclined, probably 
this is the manner in which most of our mountain valleys have been produc
ed. If the strata were elevated suddenly from the bottom of the ocean, the 
retiring waters must have acted powerfully upon the irregular surface, and 
considerably modified the forms of the valleys. The agency of rains, snows, 
and rivers, since that period, must have given them still farther modifications. 
Nor ought we to leave out of the account any other deluges of a date sub e
quent to that of the elevation of the strata, that may have swept over the 
land. 
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The valleys through which the Connecticut and its tributaries flow, are the most remarknble 
in the State. The ordinary laws of physical geography seem here to be set at defiance; so much 
so, that a late iDgenious writer• doubled whether I had· correctly represented the ' Geology of 
the Connecticut,' because the course of the rivers, and the direction of the mountain ridges, 
were described as having so little correspondence with the rock formations. But the features of 
the geology, as well as of the scenery, along this river, are too ob,·ious to be easily mistaken in 
their great outlines, which are alone concerned in this inquiry. The relation of the rivers to the 
different mountain ridges and rock formations, I hope to render intelligible by the aid of Fig. 49, 
on which are traced only the chief outlines of the surface. To present all the smaller irregu
larities of surface, I found would only obscure the points which I wish to illustrate. 

Fig. 49. 

Valleyoflhe Connectit1tt. 
• Darbr•• View of lhe United States, p. 164. 
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That portion of the ,·alley of the Connecticut lo which I shall special1y refer at this time, ex~ 

tends from near the north line of Massachusetts to Long Island Sound at New Haven. It is 
bounded by broad and generally lofty primary mountains: which, at the northern and southern 
extremities of the valley, converge until they almost meet. They are farthest asunder about in 
the latitude of Hartford. This valley is divideddiagonally by a ridge ofgreenstone; commenc
ing on the south with West Rock at New Haven, and c>xtending, with few interuptions, to East
hampton, where it attains an elevation of about 1,000 feet, and forms Mount Tom. Here it crosse9 
the Connecticut, and on the opposite bank, forms Mount J!olyoke; and continuing a few miles 
farther, terminates in Belchertown, as already rlescribed in the second part of this Report. This 
greenstone range is separated by valleys from the primary ranges at its extremities; and there 
are several places where it almost entirely disappears, as at the point in Hamden, through which 
passes the Farmington Canal: unless any are disposed to regard Mount Carmel in that town, 
as the southern extremity of the range, and the hills to the southwest, as a distinct range. 
Several other hills and elevated ridges of less extent, occur in this valley; but it is unnecessary 
in this place to describe them. 

Jn tracing the Connecticut through this valley, the geologist will be surprised to find it cross
ing the grenstone ridge above described, and that too in Hs highest part, viz. through the gorge 
between Holyoke and Tom. For he will naturally inquire, why did not the river flow through 
thf' valley A, west of the ridge: and following the course of the Farmington Canal, empty at 
New Haven ? For it appears from the surveys on that Canal, that in no place is that portion 
of the valley more than 134 feet above the present level of the Connecticut at Northampton: 
whereas the ridge through which it passes is from 800 to 1000 feet high. But the surprise of 
the geologist will be still farther increased, when he finds this river at Middletown, quitting the 
great valley above described, and passing over the remainder of its course throu~h a deep ravine 
among primary mountains, instead of passing to the Sound through the valley B, now traversed 
by the Hartford and New Haven Rail Road, and which is scarcely higher than the streets in Hart
ford, in any part of its course. 

What inference shall we deduce from these remarkable facts 1 Why, 
surely, that Connecticut river did not excavate its own bed through these 
mountains; for had the barriers at Northampton and Middletown been more 
than 134 feet above its present bed, it must have emptied into the Sound at 
New Haven. 'Ve must seek some other cause, therefore, for the origin 
of the passage between Holyoke and Tom, and for that through the moun
tains below l\Iiddletown. 

Another inference is, that if the Connecticut ever formed a lake in its 
present valley, it must have been rather limited and shallow. For every 
place 100 feet higher than Northampton meadows at present, must have been 
above the waters; and on the east side of the greenstone ridge, they must 
have been still more shallow. It may perhaps be thought that a barrier might 
ha\'e formerly existed at New Haven, which was subsequently worn down. 
But this would have been too mighty a work for any transient deluge to accom
plish ; and the idea that the land was for a long time sunk beneath the ocean 
after the existence of the river, so as to be acted on by currents, cannot be 
admitted, because this would have destroyed the river. The existence of an 
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extensive deposit of clay and sand along the Connecticut, however, with 
horizontal strata, renders it probable that this river did once form a lake in 
its present valley; but it appears to have been simply the retiring diluvial 
waters. 

Not less remarkable than that of the Connecticut, are the beds of its principal tributaries, the 
Deerfield, the Westfield, and the Farmington rh·ers . As may be seen on Fig. 49, these all 
cross a high ridge of greenstone before they reach the Connecticut : and in the case of Deerfield 
river particularly, the gorge through which it passes, not less than 250 feet deep, appears as if 
it must have been worn down for the purpose of suffering the river to pass. And yet, this river 
has only to rise 80 or 90 feet above its present bed, in order to find a direct passage to Connecti
cut river on the south side of Sugar Loaf mountain. And so the Westfield and the Farmington 
might have passed down the western part of the Connecticut valley, and emptied at New Ha
ven, had their beds been 100 or 130 feet higher than at present. And such must have been the 
course which all these rivers would have taken, had not the gorges through which they now 
pass in the greenstone ridges, been excavated for them before they began tJ flow, at least, to a 
considerable depth. 

The direction of the primary strata, and the general course of the va1Ieys in the mountainous 
region on the west side of the Connecticut valley, is north and south. But instead of following 
these valleys, Deerfield and Westfield river flow through ravines, running in general across the 
strata, and across the general course of the valleys. These ravines are, for the most part, very 
narrow and deep, and the edges of the strata on their opposites sides correspond. Where they 
have crossed the principal ridges, their depth cannot be less than 1000 feet, and often it is more. 
And yet the strata correspond so accurately in dip, direction, and nature, on opposite sides of 
these ravines, that there seems to be no way of explaining their origin but by tluviatile action. 
That they have lowered their beds at least some hundreds of feet, is perfectly demonstrable. 
For on Deerfield river, a little west of Shelburne Falls, the river now passes through a cut in 
the rocks some hundreds of feet deep ; and passes around a projecting ridge, over which the road 
to Buckland and Charlemont passes. On the top of this ridge, close by the road, the marks of 
the former bed of the river, where it cut a gorge through the rocks1 is too obvious to be denied by 
a careful observer. One is amazed that these marks are not obliterated by disintegration, when 
he looks down into the gulf through which the river now flows. For its excavation must have 
required a great length of time. Probably the whole ravine through which the river now passes 
in Shelburne, Charlemont, and Zoar, might have been excavated by the slow action of ils wa
ters, in a period not more than three or four times longer than that which must have been consum
ed in sinking its bed to its present level from the level of this ancient gorge. 

In the north part of Russell a similar ancient bed of the Westfield river is still more mani
fest, and of greater extent than that just described. In this case however, the present bed has not 
been lowered so much since the river was diverted into it, as is the case in Deerfield river. Yet 
it has sunk enough--eertainly not less than 100 feet-to impress the ~ind with the idea of a 
long time as requisite to its accomplishment. 

I am not familiar enough with the bed of Farmington river among the primitive mountains, to 
be able to state any thing definite concerning its origin. But in respect to those of the Deerfield, 
and the Westfield, I cannot doubt but they have been chiefly formed by their own waters. Yet 
when a man sees how almost imperceptible is the action of water upon primary rocks, during his 
life time, he cannot but be deeply impressed, as he stands upon the edge of one of these ravines, and 
tries to conceive of the period requisite for its erosion by waters that are moving so gently a thou
sand (eet below him, and almost invisible bydistance. A similar feeling comes over him as he wit-
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nesses such gorges as those already described in Royalston, in Leyden, and especially in Mount 
Washington, which he is certain must have been solely the result of water. And yet the com
mencemenl of these operations must have been among the most recent of geological changes, to 
which this hoary earth bas been subject. How is the most distant event which chronology dis
closes almost crowded into the present, when brought into comparison with these periods which 
chronology cannot measure! 

Terraced Valleys. 

Even though it may be thought doubtful whether the rivers under consid
eration have excavated the very deep ravines in the primary rocks through 
which they now flow, yet there is evidence of another kind, in the phenom
ena ol Terraced Valleys on their banks, that they have considerably lowered 
their beds, since they first occupied them. 

Between the primary mountains, from whence Deerfield and Westfield 
rivers, for example, issue, and the greenstone ridges through which they pass, 
they have formed alluvial basins, somewhat extensive, and sunk about 90 feet 
below the general level of the bottom of the Connecticut basin. And the 
banks of these basins are in some places curiously terraced ; the different 
terraces being on a level on opposite sides of the basin. If we start from the 
edge of the stream at low water, and ascend a bank of 10 to 15 feet high, 
we shall come upon an alluvial meadow, which is frequently overflowed; 
and is consequently receiving yearly deposits. This may be regarded as the 
lowest terrace. Crossing this, we ascend the escarpment of a second ter
race, SO or 40 feet in height, which may be seen at intervals on the same lev
el on all sides of the meadow. This second terrace is rarely very wide in 
any place, and seems to be only the remnants of a meadow, once much more 
extensive, which has been worn away. Ascending from this second terrace, 
40 or 50 feet, up another escarpment, we reach the plain that forms the bot
tom of the great valley of the Connecticut. This constitutes the upper 
terrace. 

The above description applies tot.he principal terraces existing on Westfield river, one or two 
miles west of the village, as well as those one or two miles east; and to those in Deerfield 
meadows, as well as those on the same river in the upper part of Charlemout. Smaller ones 
occur farther up the .!.lream on Westfield river; also on one of its tributaries; and on Green 
river, a tributary of the Deerfield. l have also noticed imperfect terraces on Blackstone river, be
low Worcester. One quite distinct may be seen in West Brookfield, on a small branch of the 
Chickopee, which passes through that place. In short, terraces more or less distinct, exist on 
almost C\'ery stream of much size in the State, wherever the banks are low enough lo admil or 
aHuvial flals. 

The banks of the Connecticut are less dislinctly terraced in Massachusetts, than the smaller 
streams that have been noticed. Yet terraces exist on that rivtr in several places within the 
limits of the appended geological map. In Vernon, a few miles south of Brattleborough village, 
two quite distinct terraces may be seen on the west bank of the river. Between Turner's Falls 
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and the mouth of Miller1s river, the same number appear, though less distinct. In passing &outh· 
erly, we find the same number on th~ west bank, in Pine Nook meadows, in the southeast part 
cf Deerfield. In the scutb part cf Sunderland, and north part of Hadley, on the east side of the 
river, two terraces appear, although they are nt a greater distance than usual from the river. 
Traces of them appear also, in Springfield and West Springfield. In most of thesE' cases they 
are discoverable on only one side of the river. 

This peculiar arrangement of the sides of valleys, although scarcely ever noticed by geological 
writers in this country, appears to be very common on both sides of the Atlantic. Dr. Bigsby 
notices a striking case in Lower Canada; and Dr. Macculloch represents them as numerous in 
Scotland. 

It has been usual to impute terraced valleys to the sudden bursting of the 
barriers of a pond or lake, through which the stream flowed ; or to the sud
den removal of an obstruction in a river, whereby its bed was rapidly deep
ened in soft soil, higher up the stream than the obstruction. If, for instance, 
the greenstone barrier through which Deerfield and Westfield river now 
pass, had been suddenly sunk a number of feet by some convulsion of the 
earth, or powerful ice flood, their beds would have been rapidly sunk by the 
waters in the soft meadows above the barriers; and thus terraces might have 
resulted. But I may be permitted to doubt whether any sudden reduction 
of the river's bed is necessary to account for this phenomenon. 

Let us suppose a period, when the bed of Connecticut river, in the moun
tainous region below Middletown, was yet so elevated as to cause the waters 
to overflow the great basin between New Haven and Vermont, shown on Fig. 
49. At that time, the mouths of Deerfield and Westfield rivers would have 
been on the western margin of this lake, or in the places where they now issue 
from the primary mountains. As the Connecticut wore down its bed, the 
lake would gradually drain off, leaving the formation of clay and sand which 
the waters had deposited, perhaps 100 feet thick upon an average, with an 
almost entirely level surface. The Connecticut, having found its present bed, 
and the waters being drained from the valley, Westfield and Deerfield rivers 
must also excavate beds in the formation above described, in their course to 
the Connecticut. Their course would no doubt at first be extremely serpen
tine as that of rivers usually is, in flat countries. But as the bed of the Con
necticut gradually sunk lower and lower, so would the bed of its tributaries 
sink: and then, would their waters, often swollen by rains, and obstructed by 
ice, begin to wear away the projecting banks, and convey them into the Con
necticut. At length, the banks on either side of the rivers would be worn 
down and removed for a considerable extent. In other words, such basins as 
now exist at Deerfield and Westfield, would be produced; less deep, how
ever, and destitute of terraces. As this basin enlarged, another process would 
commence. 1Vhile the stream was confined within narrow limits, the alluvial 
matter, brought down from the mountains, would be carried along to the 
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Connecticut. But as the basin enlarged, the water, when swollen by rains 
and melting snows, would spread over it, and becoming more calm, would 
deposit the mud and sand in suspension. Thus the new formed basin would 
be gradually filling up, and form an alluvial meadow. But as the bed of the 
river would continue to sink, ere long the waters would rarely rise high 
enough to overflow the meadows: and for the same reason they could never 
be raised by alluvial deposition to the level of the plain through which the 
river first began to flow. The banks of the river having now become high, 
the waters would again commence their depredations upon them, and scoop 
out a second basin from the meadows just described. At length all these 
meadows would be carried away by the stream, except occasional patches, 
which would form a terrace around their margin. The second basin, having 
now become large enough to enable the overnowing waters to begin to de
posit their mud and sand, a second meadow would be formed, whioh would 
go on rising and the river sinking, until the (Joods could no longer spread 
over them ; when a third basin would be formed ; and so on, as long as the 
river continued to excavate its bed. 

I have confined this illustration to the basins of ·w estfield and Deerfield 
rivers, in order to render it more intelligible. But it can easily be applied 
to the Connecticut, or any other river. 

When terraced valleys exist on the sea coast, and are open to the sea, some writers have im
puted them to the successive elevations of the land by earthquakes. (Lyell's Geology, Vol. 2, 
p. 282.) But in all the cases which I have described in the interior of Massachusetts, this ex
planation is entirely inapplicable j as a knowledge of the local situation of these terraces will 
make obvious to any one. For the spots where these terraces exist, are separated from the 
ocean by barriers, which must have prevented the access of the sea, even thoug:h the present 
levels be much higher than they were formerly. On the Connecticut river for example, below 
Middletown, the barrier consists of mountains several hundred feet high, of primitive rocks; and 
at South lfadley it consists of a ridge of trap through which a gorge is cut not more than 100 
rods wide. True, the ocean ruight have flowed into this valley by the way of the Farmington 
Canal, or the Hartford and New Haven Rail Road : But most of these terraces are below the level of 
those valleys, anrl, therefore, could not have been formed by tides setting through them. And the 
theory under consideration requires that these terraces should constitute the shore of an estuary, 
between the epochs of successive vertical movements. This they could not have done in the 
present case. 

But the most perfect specimens of terraces occur on the banks of \.Vestfield and Deerfield rivers, 
where they form the banks of basins sunk in the diluvial clay and sand of the valley of the 
Connecticut, nearly 100 feet. These basins are cut off from opening into Connecticut river by 
high trap ridges, which have been already described, through which the streams pass in a. very 
narrow gorge, and consequently no water current setting back from that direction could have 
formed the basins. Aud had the valleys along the route of the Farmington Canal and the Hart
ford nml .N. 1-laven Rail Road, been once so low a.s to allow the ocean to get into them, the inevi
table effect would have been to fill up instead of excavating such basins as those upon Westfield 
and Deerfield rivers: for if we suppose that what I call the diluvial clay and sand were brought 
into the valley by the ocean, no reason can be assigned why they should not have been spread 
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over the valleys now occupied by Deerfield and Westfield, as well as any other part of the Con
necticut valley. In short, whatever hypothesis nny one may a<lopt of the modus operandi, no one 
can examine these spots without being salisfie<l that these basins and their terraces must have 
been formed by the rivers themselves. And if such perfect terraces can be forme<l by rivers in 
the interior of a country, by e~isting rivers, why may they not he produced at the mouths of 
rivers on the coast? The hypothesis which I ha\•e ad,•anced to expJain the mode in which their 
waters may have formed them in the interior, ap?lies equally well to their formation on the coast, 
especially if we admit the co3sl to be gradually rising. In .Massachusetts, however, none of the 
amall streams that empty into the ocean show any terraces at their mouths: nor have l seen any 
evid~nce of the rise of that coast, except in very ancient times: and this may be the reason why 
we find no terraces on the river's banks. 

Bed of Connecticut River. 

Judging only by the eye, I think we may safely state that since the Connecticut and its 
tributaries began to ftow through the great valley that has been described, they have excavated 
their beds nearly 100 feet. The Connecticut at Northampton is still more than 100 feet abo\-·e 
tide water at New Haven. At Springfield it is only 64 feet. This will gi,•e a descent from the 
latter place to the .ocean of only a foot per mile, and considerably less if we subtract the height 
of Enfield Falls. South Hadley Falls make the principal difference between Springfield and 
Northampton. lndeed, the medium descent of this river from the foot of Turner's Falls in Gill, 
is probably less than a foot per mile. This is too small to enable the water to produce scarcely a 
perceptible effect in lowering its bed, for centuries, nay, not enough to prevent their filling it 
up. So that probably the process of excavation in the bed of that river, has nearly ceased. 

lee Floods. 

There is, however, one agent of excaT"alion, that still operates to some extent, even in the 
Connecticut; and that is, ice floods. Still more powerful is their effect upon smaller and more 
rapid rivers. Whoever has not witnessed the brt!aking up of a river in the spring after a severe 
winter, when its whole surface has been covered by ice several feet thick, has but a faint idea of 
the prodigious force exerted at such a time. The ice, high up the stream, is usually first broken 
in pieces by the swollen waters. Large masses are thus thrown up edgewise, and forced under
neath the unhroken sheet, and the whole bed of the stream is blocked up; perhaps too, where 
the banks are high and rocky. The water accumulates behind the obstruction until the resist
ance is overcome; and the huge mass of water and ice urges on its way, crushing and jamming 
together the ice which it meets, and thus gaining new strength at every step. Oflen for miles 
the stream, prodigiously swollen, is literally crammed with ice, so that the water disappears; 
and a slowly moving column of ice is all that is seen. This presses with such force against the 
bottom and sides of the stream, as lo cause the earth to tremble, like heavy thunder, to the dis
tance of miles. Sometimes the body of ice becomes so large, and the friction so great, that the 
waters are unable to keep it in motion; and it stops while the 1iver is turned out of its channel, 
and is compelled to flow in a new bed for weeks and even months. 

It is impossible that such floods should not operate powerfully to modify the surface in alluvial 
regions, and to excavate the beds of rivers. l am confident that no other agent in the mountain 
torrents of this stale is so energetic. One has only to examine the banks and beds of a river 
afier the ice bas disappeared, as l have often done in Deerfield, to be convinced of this. But I 
apprehend that the maximum effect is seen in those rocky ravines, lhrou~h which such rivers as 
the Deerfield and the Weslfie]d pass, in the primary regions. Masses of rock of various sizes, 
even IO, 15, or 20 feet in diameter, may here be seen, some of them torn up Crom their beds and 
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removed a considerable distance, strewing the bottoms of the streams, anJ at }ow water almost 

covering the surface ; and others, only partially lifted from the parent rock, and waiting for 

another convulsive effort of the torrent to detach them, and give them an erratic character. In 
short, one sees in such streams a cause fully adequate to the production of those numerous bow I

der stones that are scattered over the country: I mean, a cause sufficient to detach and round 

them. Probably, however, the expansive agency of water, irozen in the seams of these rocks, 

contributes not a little to lift them out of their original beds. 

Subterranean Streams. 

In limestone countries it is very common to find subterranean water 
·courses, either dry, or occupied by existing streams. Those which I have 
met in Massachusetts are so few, anti of so limited extent, that they require 
but a slight notice. The Natural Bridge on Hudson Brook may be regard
ed as an example of the latter kind. But this has been already described in 
treating of the scenery of the State. The cave in the northwest part of 
Lanesborough is an example of the first kind: but enough has also been 
said concerning this. At the north base of Saddle Mountain in Williams
town, are two small streams whose usual beds suddenly become dry by the 
disappearance of the water, which does not appear again for several rods. 

Change in the bed of Green River. 

A hundred rods south of the village of Grecufield, on the stage road to Deerfield, Green River, 
a tributary of the Deerfield, has left indelible traces of having once run in a channel 40 or 50 

feet above its present bed. At that elevation, a ledge of sandstone rocks bears the marks oC 
having been once the bed of the stream, as distinctly a.s if it had run there but yesterday. The 

water here formed a cataract, 20 or 30 feet high; and below the ledge, a chasm, nearly as wide as 
the present bed of the river, is worn in the rocks several rods long, which communicates with the 

present channel. The pot holes left in the ledge of rock are some of them 6 or 7 feet deep, and 

one or two feet in diameter. The hill of sand and clay, which now rises abruptly on the west side 
of the present stream, probably once extended ns far east as this cataract and chasm ; and here wu 

a ridge, which threw back the ·waters of the stream over the whole of Greenfield meadows, 4 or 5 

miles in extent. For in various places along these meadows, we find terraces; generally two, but 

never more. The hill of sand and clay, at this gorge, was probably worn away gradually; and as 

the surface of the sandstone rapidly slopes towards the west, this would cause the bed of the river 

to sink, and the terraces to be formed. In this way the bed of the river has changed laterally 10 
or 12 rods, and sunk 40 or 50 feet. 

Perhaps the following sketch may assist in rendering the preceding statement intelligible. It 
may not be entirely correct but it exhibits the principal features of the spot. 
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a, a, former bed of the river. 
b, b, terraces : these are in the upper part of the gorge, ar.d not in Green6eld meadows. 
d, d, level of the Connecticut valley: a tertiary hill wilb steep declivity. 
e, e, sandstone ledge. 
g, Meeting House in Greenfield. 
1, s, stage road to Deerfield. 
i, i, i, successive ridges of sandstone more elevated than d. d. 

Synclinal Valleys. 

I have already stated in general terms, that most of the valleys ofMassachu- · 
setts owe their origin to the elevation and dislocation ofthestrata. This is ob
vious from the fact that these valleys, with the exceptions that have been de
scribed, correspond in direction with the strike of the strata. In two in
stances at least, I think we can see how the elevation of the strata produced 
valleys. 

By a reference to the sections of the strata i:c Massachusetts appended to 
this Report, it will be seen, that with the exception of the· sandstone and 
diluvium, the strata on both sides of Connecticut river dip towards the river; 
thus making the valley through which it runs a synclinal valley. This, how
ever, is an account of the valley before the deposition of the sandstone. 
That deposit, as I shall soon attempt to show, probably nearly filled the valley. 
And subsequent to its deposition, a second elevating process took place, which 
tilted up the western edge of the sandstone several degrees, as shown upon 
the Sections above mentioned. Afterwards extensive denudation of the sand
stone took place, by which the valley was brought into its p1•esent state; in 
which it may still be regarded in some sense as a synclinal valley, and in 
some sense, as a valley of denudation: that is, it owes its present condition 
to both these causes. 

By consulting the details which I shall give in this report, of the dip and 
strike of the strata, it will be seen that there are several exceptions to the 
facts which go to prove the valley of the Connecticut to be a synclinal valley : 
that is, in many places the primary strata do not dip towanls the valley. But 
in such a case we must take the predominant dip for our guide. On the 
same principle, it will be seen that the valley running through the center of 
Worcester, and through the north part of Middlesex and Essex counties, is 
a synclinal valley. On the east and south sides of this valley, the dip to
wards its central axis is very decided. But on the opposite sides there is 
more irregularity. This may in part proceed from the fact that the dip 
there is much smaller. Yet upon the whole, I can hardly doubt but this 
valley, which in its northeastern part is called the valley of the Merrimac, 
should be regarded as a synclinal valley. Nor has any other deposit 
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but alluvial and diluvial ones, been made in it since the elevation of the 
strata. 

The occurrence of unstratified rocks-grecnstone and granite-in the val
ley of the Connecticut, renders it probable that a fissure existed in the pri
mary strata, through which unstratified masses were protruded. Very like
ly, also, a fault was produced; but the depth of the sandstone and unconsoli
dated rocks above the primitive, prevents us from obtaining any evidence 
of such a dislocation, except from analogy. 

I strongly suspect that ove1turnings and dislocations on an enormous scale, 
have been the origin of the deep valleys of Berkshire. Yet none of them 
arc properly speaking synclinal valleys; as may be seen by reference to the 
Sections of the strata in that part of the State. And I have reason to sup
pose also, that denudation has extensively modified those valleys since their 
original formation: as I shall shortly attempt to show. But I shall not in 
this place bring out my views fully in regard to the mode in which 
the strata have been elevated and dislocated, because it cannot well be un
derstood in so early a part of my Report. 

Valleys of Denudation. 

The vast amount of detrital matter spread over the earth's surface, evi
dently composed chiefly of comminuted rock, leads to the expectation that the 
rocks in place will bear marks of deep erosion, And the longer the geolo
gist examines valleys, the more convinced will he become, of the enormous 
scale on which this denundation has taken place: for valleys thus produced 
are called Valleys of Denudation. Strictly speaking, terraced valleys be
long to this class: but as they are obviously the result of alluvial agencies, 
it has lleen customary to describe them under a separate head, as I have done. 

The evidence of extensive denudation in the valley of the Connecticut, is 
more decided than in any other part of the State: And yet, I can hardly 
doubt that as great an erosion of the surface has taken place over the whole 
State ; though the proof is less convincing. And persons not familiar with 
geological investigations will probably regard many of the suggestions 
which I am about to make under this head, even where I consider the proof 
of denudation the strongest, as startling and extravagant hypothesis, rather 
than legitimate inferences. But after long examination and reflection, I do 
not know how to escape from the conclusions, at least, so far as to consider 
them probable. 

Whal J call the valley of the Connecticut, is a trough shaped depression extending from the 
north line of :Massachusetts to New Haven on Long Jsland Sound. lt would be proper to con
sider the dcpres.:;ion through which the whole river flows, from the upper part of New I lanipshiro 
to Long Island Sound, as embraced in this valley ; and to reckon its ,, idlh from the summit of 
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the bounding ridges. But I sba11 include in the term, only that part of the valley now occu
pied by secondary sandstone and trap: which is in fact the bottom of the valley with the 
immediate bounding slopes of primary rocks, extending from Long lsla.nd Sound to the north 
line of Massachusetts. At the latter place, the primary mountains crowd down close to the 
rjvi::r, leaving the valley very narrow, although north of that line the valley again opens and 
closes several times. But no secondary rocks are found in it north of Massachusetts. 

By comparing Fig. 49 with the Geological Map, it will be seen that the portion of the Con
necticut valley of which I speak, contains SC\'Cral ridges of greenstone and sandstone Of the_ 
latter, the most remarkable examples are l\Iount Toby in Sunderland, and Deerfield Mountain, 
commencing with Sugar Loaf and extending north nearly across the state. Indeed, the sand-
11tonc south of these elevations forms hills nowhere except in connection with trap ; which, in 
most places, overlies the s:i.ndstone. Now the sandstone formation, throughout its ·whole ex
tent, has been tilted up since its deposition, so as to dip nearly to the t"ast from 10° to 20°; and 
in a few places much more than this. Dut the average dip does not probably exceed 15°. The 
strata on Toby and Deerfield Mountain have the usual dip and direction of the whole formation. 

Between these mountains flows Connecticut ri\'er, in a valley but litlle wider than its bed, and 
the question that now arises is, whether the red sandstone formation once extended over the 
whole valley, between this spot and New Haven, as high as the lop of Toby; and whether it 
has been worn away in the process of ages. That Toby and Sugar Loaf ha\pt" been worn into 
their present form by the action of running water, will be admitted by all who will carefully 
examine them: and I incline to the opinion, that the same agency has swept away sandstone 
from the other parts of this valley of a depth nearly equal to the height of these mountains. 
That some inequality might exist in the surface of the formation, at its original deposition, and 
still more be produced by the causes that have tilted up the strata, I will admit, yet for reasons 
to be soon stated, I cmmotsuppose this inequality to be very great. 

As to the thickness of the formation under consideration, we have not sufficient data for 
forming a very definite opinion. Perhaps, however, we may estimate, by examining an east and 
west section of the formation, across the south part of Deefield mountain, and the center of 
mount Toby. The following sketch is not intended to be precisely accurate; but only to give 
a general iaea of the relative situation of the two mountains and the intervening valley, with 
the valleys between them and the primary rocks on the east and west. There must always be 
as is well known, more or less of distortion and want of proportiCJn in sections of this kind, 
where the horizontal scale must be much smaller than the perpendicular one. In the present 
case, in order to exhibit the proper dip of the strata, the valley through which the Connecticut 
flows, is represented too wide. 

Fig. 51. 
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It will be seen by this section, that the strata, both in Deerfield mountain and mount Toby, 
as well as in the valleys, have the medium easterly dip of the formation: that is about 15~, 

though on a considerable part of mount Toby, it is hardly IOQ. Two or three hundred feet above 
the river, on the east side, may be seen a mass of greenstone: which, so far as I can ascertain, 
constitutes a bed in the sandstone, and divides the upper part of the formation from the lower, the 
characters of the two groups, being considerably different. Deerfield mountain, in its southern 
p:irt, consists entirely of the lower beds; and the strata on the opposite side of the river be
neath the grcenstone, correspond in dip and general characters with those of this mountain. 
Mount Toby is probably not far from 1000 feet above the river, and Deerfield mountain varies 
frem 500 to 700. The enquiry now is whether the formation was originally of this height 
throughout its whole extent, and has been subsequently worn away, except these ridges: or 
whether these have been raised so much abo\'e the general level by a force acting beneath. The 
latter supposition would seem most prob:ible, -..vere it not for the proof exhibited by the above 
section, that no peculiar disturbing force has acted on these mountains. Had that been the case, 
either their strata would exhibit a different dip from the formation generally, or they would not 
correspond on opposite sides of the river. It seems to me rather probable after inspecting 
both these mountains, that almost the only change their strata have undergone, was their original 
elevation about IOQ to 15Q, along with every part of the formation. .And hence we are com
pelled to suppose, that the top of mount Toby exhibits nearly the original elevation of the whole 
formation. For the idea that such insulated peaks and ridges, as those under consideration, 
were deposited in the insulated and inclined position which they now occupy is perfectly absurd. 
Further we must suppose that the strata of mount Toby ariginally exiende<l to the top of Deer
field mountain; as is represented by the dotted line A C in the section. Nay, on this supposi
s ilton, all the strata of both mountains may have extended to the western side of the valley, as 
at A. 

The immense period requisite to wear away such a mass of rock as this theory supposes to 
have once occupied the whole valley of the Connecticut, will seem to most minds the strongest 
objection against its adoption : I mean supposing it to have been effected by such causes as are 
operating at present. But this is not a solitary example, in which geological phenomena intlicate 
the operation of existing causes through periods of duration, inconcei,•ably long. We may in 
this case indeed, suppose the occurrence of other agencies in the earlier periods of our globe. 
Still, even with this aid, the work must have been immensely protracted. And why should we 
hesitate to admit the existence of our globe through periods as long as geological researches re
qu ire: since the sacred record does not declare the time of its original creation: and since s1i1.ch 
a view of its antiquity enlarges our ideas of the operations of the Deity, in respect to duration, as 
much as astronomy does in regard to space? Instead of bringing us into collision with Moses, 
it seems to me that geology furnishes us with some of the grandest conceptions of the Divine 
Attributes and plans to be found in the whole circle of human knowledge. 

The objection of a writer in the American Journal of Science,• that such a height of waters as 
would deposit mount Toby, must have produced a lake nearly to the upper part of New Hamp
•hire, in the Connecticut valley, and thus have caused the same sandstone to be produced higher 
up that valley than Northfield, loses its force, when it is recollected that this formation was depos
ited before its strata were elevated. For the elevating force undoubtedly changed the relative 
level of different parts of the country. In this case, the disturbing force must have acted be
neath the primary rocks. And besides, we have evidence, which will be shown by and by, that 
our new red sandstone was formed beneath the ocean. We cannot then reason on this subject 

from present levels. • 
Jf the preceeding statements and reasonings be correct, in order to ascertain the actual thick

ness of the new red sandstone strata in the Connecticut valley, above the river, we must add tho 

• Vol.221 p.223 
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height of mount Toby above the strata seam E ll, to the height of Deerfield mountain: that is, 
BE lo E 8=C N. It certainly will not exceed the truth to call B ESOO feet, and ES 400= 
1200, the thickness of the strata above the bed of the Connecticut. In no place that I know of 
has this river cut through the sandstone: and hence we am almost entirely destitute of means of 
ascertaining the thickness of the strata beneath the river. If the primary strata have the samt.· 
slope beneath the sandstone, as above it, this rock cannot be less than 1000 to 2000 feet thick, 
beneath the river, or ND. Dut this is little better than conjecture: both because the slope of 
the primary strata is very unequal in different places, and because probably the surface beneath 
the sandstone, is as uneven as it is in other primary valleys : which is evinced by the curved 
structure of the sandstone strata in some pJaces. 

In the second part of my Report I have described the cave and fissure in Sunderland, as hav
ing been produced by the wearing av.·ay of the inferior schistose strata, probably by water. 
There is another fact which the observer will notice in yarious places on the western declivity 
of Toby. The thick sandstone and conglomerate strata are often arranged in steps or terraces 
of great height and thickness. At first view the mountain would seem to have been elevated by 
successive throes of some internal force; each paroxysm throwing up the central part of the 
mountain higher, and higher, so as to produce these offsetts. But there is too much regularity 
in the stratification to admit of suc.h a supposition. l should rather impute this terraced struc
ture to the action of those currents of water, which have excavated the valley of the Connecti
cut. The rock exhibits occasionally a jointed structure nearly at right angles to the strata: 
hence currents of water, frosts, &c. would remove successive portions as wide as these joints. 
On some of the terraces huge masses 9f the rock yet remain, raised from their original bed and 
irregularly mixed, but not far removed. 

It will be seen on the accompanying geological Map, that the greenstone ridge which is mark
ed in Sunderland, crosses the Connecticut in the north part of that town and then forms its wes
tern shore as far north as Gill. The section that has just been given crosses the Connecticut a 
little south of the place where the greenstone crosses the river; and consequently the greenstoue 
is represented as on the east side of the river with the sandstone beneath and above it. But 
north of the place where the grecnstone crosses the river, through the whole extent of Monta
gue and Deerfield, the following section represents the relative situation of the two rocks. 

Fig. 52. 

Now I cannot but regard this fact as some evidence that the Yalley between Deerfield moun
tain and Toby, has been to a great extent excavated by water. For I can hardly conceive bow 
so deep a gorge should have been produced in this greenstone ridge or dyke, at the period of its 
protrusion: certainly not without causing great disturbance in the adjoining strata; of which I 
have seen no traces. The continuity of this ridge is uninterrupted; as are the dip and direction 
of the sandstone strata. But the whole aspect of this valley, and especially, the contour of 
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SuJtar Loaf, correspond with the idea of excavation by water. The rocks in place, too, on toth 
sides of the river, to the height of several hundred feet, bear the marks, in numerous grooves, of 
powerful abrading ngents. When treating of diluvial action I shall endeavor to show, that prob
ably a great deal of this work of denudation was produced by the retiring <liluvial waters: and 
that this agency operated since the present levels of the surface ·were attained. 

Notwithstanding the preceeding reasoning, I confess that I cannot entirely get rid of the sus
picion that Mount Sugar Loaf and Toby, especially the latter, may ba,·e been thrust up abo"e 
the general level of the fo1mation by an internal force. I have attempted to show that the val
ley of the Connecticut is a valley of subsidence. Consequently a fault passes through it, and 
possibly there may have been vertical movements along some parts of the fault, since the consol
idation and general elevation of the strata. Still, all my examinations of the strata on Sugar 
Loaf and Toby rather oppose such a supposition. 

The situation of this \•alley, when this mighty work was performed, must have been very 
different from what it is at present. Probably much of the denudation was made while yet the 
the whole country was beneath the waters of the ocean; and by the waves along the shifting 
coast, as it emerged at different periods from the deep. \Vhatever currents of water may have 
since swept over the land, have also aided in the work; as have most of the rivers which now 
traverse this valley. But this subject will be more fully i:lustrated in the subsequent parts of 
my Report. 

Valleys of Berks/tire. 

That the valley5 of Berkshire were commenced by the original elevation 
and dislocation of the strata is most probable. But there is one circumstance 
that seems to point to ordinary disintegration and running water as power
ful agents in their modification. The general strike of the strata in that part 
of the state, corresponds to that of the mountain ridges; which is north sev
eral degrees east, and south several degrees west; while the dip is towards 
the east, and usually large. These rocks consist of talcose and mica slate, 
quartz rock, and gneiss, which are interstratified with white and gray lime
stone. But the limestone appears only in lite valleys. The steep and lofty 
mountain ridges are all compo5ed of slate rocks; except that sometimes we 
see the limestone near the foot of their western sides, passing under the 
mountain. I tried long to convince myself that the limestone was a later de
posit than the slate, made in the valleys between the ridges. But the fre
quent examples of interstratification of the limestone and slate, which I met 
in all parts of the county, showed this theory to be untenable. The hypoth
esis then to which we seem driven, is, that since the limestone is most easily 
worn away, disintegrating and eroding agencies have more rapidly removed 
that part of the surface where this rock predominated, until valleys from 1500 
to 2000 feet deep have been produced: while the harder parts, composed of 
slate, although extensively worn down, still stand out in Alpine relief! Al
most every where we see examples of this process on the surface of rocks 
exposed lo the weather and currents of water, viz.: the formation of furrows 
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in the softer parts, while the harder parts remain in ridges. But when we 
see the work on so immense a scale as in Berkshire, we hesitate to refer it 
to the same cause, in part probably, because in spite of all that has been said 
of late about the long periods required for geological changes, the mind finds 
it difficult to conceive of a duration so long as would be requisite for such 
a work. Yet I do not see but the conclusion is forced upon us, not indeed 
as a demonstration, but as a probable inference, that these valleys must have 
been formed in a good degree by denudation. Let any one who sees nothing 
of grandeur and sublimity in the facts and reasonings of geology, take his 
stand upon one of the highest ridges of Berkshire, and attempt to explain the 
origin of the valleys and hills around him: and whether he impute them 
to existing agencies, operating as they now do, or conceive of the whole re
gion long enough beneath the sea to have the work accomplished by its cur
rents, or imagine the action of mighty deluges, or even go back to the original 
elevation and dislocation of the strata, surely he must confess that the thoughts, 
reasonings and conclusions which are forced upon him, are of a most magnifi
cent kind. And it is such thoughts that give an interest to geological re
searches in almost every part of the earth. Geology does not consist in 
being able to name and describe specimens of rocks and fossils, and refer 
them to their proper place in artificial systems: but more eminently, in be
ing able to reason correctly from facts, and to form adequate conceptions of 
phenomena and revolutions, on a scale so immense as to sink into comparative 
insignificance all the natural changes on the earth which occur in the experi
ence of an individual. A man who can collect and correctly describe rocks 
and fossils may be very useful, but he only who can rightly estimate and ap
ply the dynamics of nature so far as they are understood, deserves the name 
of a philosophical geologist. 

Denudation in the Eastern part of the State. 

It is my belief that denudation has been quite as powerful in the eastern, 
as in the western, or central parts of the state: but the proof is less striking. 
The quantity of detrilus, however, is most abundant in the eastern section : 
but the mountains I fancy have been mostly swept away ; except such a 
ridge as the Blue Hills : which like the sienite of Cape Ann and Cohasset, 
has survived the wreck, because of its extreme hardness. Of other rocks 
one meets with only occal'ionally a low outlier, whose general form indicates 
powerful erosion in times past. I fancy that the several patches of 
what I call graywacke were once united into a continuous formation across 
the whole state. But I can offer no decided evidence on this point. 

·what shall we think of so remarkable an outlier as W achusett Mountain. 
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and of Monadnoc in New Hampshire? Did the strike and dip of their 
strata differ from those of the rocks in their vicinity, we might suppose them 
upheaved by a local internal agency. But I have not found any evidence 
of such a disturbance. All the evidence is the other way; while there is 
striking proof of powerful denudation on their summits. Shall we then 
suppose thatthe whole gneiss formation of Worcester and Middlesex coun
ties was once as high as the present summit of W achusett and Monadnoc? 
and that it has been subsequently eroded to the depth of nearly 2000 feet; 
while the only evidence of its former existence is these eminences? If such 
was the fact, why were these mountains spared by the denuding agency? 
for their strata do not appear to possess any peculiar power of resistance. I 
confess myself unable satisfactorily to answer these enquiries. When I look 
at the subject in one aspect, I incline to the opinion that the hypothesis of de
nudation is the true one: Yet it has great difficulties. I do not think, how
ever, that the vastness of the work, and immense period reqwsite for its ac
complishment, ought to be regarded as one of these difficulties. For in the 
present state of geological knowledge, who can determine when these de
nuding processes commenced, or to what depth they have sunk the surface 
of our continents? 

Serpentine Course of Rivers. 

\\Then we find the bed of a river in a mountainous or rocky country very 
crooked, we see at once that the current has been compelled to change its 
course by the obstructions which alternately opposed themselves to its pro
gress upon the sides. But it would be natural to infer, that when a river runs 
through a level alluvial region, where the soil offers equal resistance in every 
part, it would pursue a strait course: yet in fact we often- find streo.ms to be 
more sinuous in such circumstances than in any other: and often the flex
ures are remarkably uniform in size and shape. It becomes an interesting 
enquiry, whether there is not some general law by which such elegant curves 
are produced, that have always been the admiration of the lover of fine land
scapes. Perhaps the best example of this sort to which I can refer in Mas
sachusetts, is near the mouth of the small stream passing through Saugus, and 
emptying into the ocean at Lynn. Standing upon elevated ground near 
Saugus Meeting House, and looking down the stream, we get a fine view of 
the numerous and graceful curves, which this river makes in the nearly level 
and apparently uniform marsh, through which it passes. A part of these 
curves are shown in Plate 9; as already described. They occur also in 
other streams in the state: and have so much resemblance among themselves, 
that I have long suspected the operation of some general law in their forma-
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tion; and ha1·e felt diss~tisfied with the explanation usually gi1·en of sinuous 
rivers, that they result chiefly from the unequal hardness of the materials 
which they excavate. But what other principle to call in to explain such 
cases as I have described, I confess myself at a loss to determine: and I have 
found no light on this point among geological writers. I take the liberty to 
make a few suggestions on this subject, which, though far from being satisfac
tory to myself, may lead others to examine it with more success. 

Fig. 53. 
In the case which I have stated above, viz. where 

small streams pa!->S through level alluvial deposits, it is ob
vious that the stream must have formed its own bed; and 
probaLlj" also it deposited thr alJu,·ium through which 
it flows; or nearly all of it. Let us then suppose the sur
face beneath the alluvium to have once formeJ a shallow 
valley, ''hose sides ri~e but littlf', and whose surface is 
very uniform, as is shown in Fici· 53 : such a valley as 
would bf' produced hy a larger stream running strait 
thrOU;:!;h it. Suppose now a ~mall stream, a, b, to enter 
this V'.lilcy obliquely, at a j and that the bottom was COV· 

en.~d "ilh a thin layer of muJ, in which the water would 
al once form :i. ~hallow bed. It would proceed towards 
the opposite siJe, until arrested hy thr gently rising bank, 
as at<' This \11-·ouH turn the current down the valley 
towards d. .But the que!Stion now occurs, whether it 
woulJ procecJ Jireci.ly towards d, or be turned more or 
less to\\ :.J.rds the opposite bank, a~at e. It is obvious 
that the. bank at c, by changing the course of the stream, 
would C'heck the current more on the side 9, than on the 
side h; and consequently, the suspended matters in the 
watt·r \\ oul<l Le dt>posited more abundantly along the 
shore near y, tl an near h, so th:lt a bank would begin to 
be formed at 9; whereas ath, the bank already existing, 
wou Id be more or less worn away. But the force of the 
current would be so deadened afler passing c,that it would 
\,·ear away less between c and i, than between c and 
h : conse iucnlly, the ~tream would be turned more 
anrl more towards e, as the bank hetwL•en c an<l h was 
more nnd more worn away. The check also, which the 
current would receive at c, would cause it to dt"posit sedi
ment at i, and beyond, so that erelong a bank would be 
formed un lhat side across the whole valley : \\hile oc
casional frrshets would at lenglh equalizP the alluvial de
posit over the whole valley, e\cept that the stream would 
rarely be di\'erted into a new bed. If now it be admitted 
that the current might in this manner be deflected 
towar1ls e, in a similar manner would it be turned back 
again beyond e, and thus would it make curves alternatt'ly 
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to the righl and left, while the valley continued favorable for the work. But if it met with any 
4'.Jnusual obstruction, the regularity of the curves would be impaired; as is the case with most 
rivers. Near the coast also, the action of the tides would probably somewhat modify the effects 
above pointed out. 

.flnomalous Effects of Water. 

Under this head I shall describe a few lusus naturtl!, which I have met in 
the State, where wat~r was the agent. 

A few rods below the bridge in Zoar, shown on Fig. 21, a large rock projects from the north 
shore, having its outer extremity perforated by a large opening as shewn on Fig. 54. 

/Jrclu:d Rock: Zoar Bridge. 

The height of this rock al low water, is as much as 12 or 15 feet; and it projects from the 
shore in such a manner that the stream has a fair chance, by means of the pebbles which it brings 
down, to make curved excavations in it. In one place it has worn quite through, as shown above. 
But probably ere long the outer pillar on which the arch rests, will be made to yield to the same 
agency. 

Another lusus is shown on Fig. 55. Its base consists of a slab of granite, 2 1-2 inches thick, 
10 inches broad, and 20 inches in length. To this, near its center, is firmly attached perpendic· 
ularly,a bladed tapering column of coarse micaceous limestone, 2 inches thick, 10 inches broad, 
nnd 26 inches long. IL was found loose in a mountain torrent in Conway. And without doubt, 
the base once formed a vein in m1caceous limestone. Probably a mass of this got detached and 
exposed to the erosive action of the water, which wore it into the singular form which it now 
exhibits. 
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Fig. 55. 

LJUusJ'{atura:. 

Fig. 56 represents a mass of mica slate worn into a singular shape, which I found on a hranc_h 
of Westfield River, near Falley's Cross Roads in Chester. The stratification of the slate 18 

at right angles to the axis of the block; and the different layers being of very unequal hardness, 
the water has worn away the softer ones more than the others. 

Fig. 56. 

Fig. 57 shows a remark:ible imitation of a boot, or rather of a man's leg and foot. J t is a mase 
of rather coarse limestone: and one perceives on looking at it, that human art has had nothing to 
do in its formation; but that water alone has carved it out. Its diameter at the top is 4 1-2 
inches: at the ankle 3 1-2 inches. Height from the hollow of the foot, 12 inches. Length of 
the foot, 9 inches. These dimensions, it will be seen, correspond very well with those of a 
man's leg of ordinary size. And scarcely a protuberance or depression exists in a real leg and 
foot, that is not found in this stony one. This is, however, considerably more flattened than a 
real leg; but this scarcely affects a side view. The specimen is in the collection of Mr. Anthony 
Clarke of West Stockbridge, who permitted me to take a drawing of it. It was obtained in that 
vicinity,and was for several years used by a shoemaker for a sign. 
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Fig. 57. 

P$t.Udo-JouilBoot. 

Fig. 58 represents a mass of limestone, less than a foot high, dug up a few years since in North
ampton, and worn into such a shape that it would be easy to pass it off among those unacquainted 

with geology, as a petrified animal, sitting upon its haunches. But it is only a mass of Berk
shire limestone, which water has transported over Hoosac Mountain, and worn into this imita
tive shape. The specimen is in the College Cabinet at Amherst. 

Fig. 58. 
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Fig. 59 exhibits the curious effects of water trickling down an inclined sand bank in RusseH, 
on Westfield river. The sand was ofa rather coarse sort, anrl nearly saturated wW1 water, so as 
easily to be slid down an inclined plane, by the addition of a little more water. As it worked 
downward, instead of continuing in one ridge, it ramified, as is shown ill the drawing. Could 
'and, brought into such a condition, be covered with other materials without destroying its shape, 
and then the whole be hardened into a rock, it might perhaps be mistaken for an organic relic: 
and possibly this case may explain some examples of concretionary structure in the fossiliferous 
rocks : though I have never seen any thing like it. Since taking the sketch here given, I have 
met with the same phenomenon in Sunderland : and in one or two other places. But it is not 

Fig. 59 . 

. On Fig. 60, we have represented a water worn mass of sienite from Northampton, which in 
size and shape a good deal resembles the leg of an ox. Like that it is flattened and a depression 
exists just below the joint. The hoof, however, is somewhat too large. The ;pecimen is in the 
Cabinet of Amherst College. 
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Fig. 60. 

On the floor of the limestone cavern at Baker's quarry in Lanesborough, 
already described, I found a singular concreted deposit, not from the 
dripping of water from above, but from the water that collects in the low 
places, and is charged with carbonate of lime. As the water evaporates, the 
lime is deposited, often to the thickness of three or four inches: and its 
surface is disposed in sinuous and fantastic ridges, while the under side of 
the deposit is still soft and pulverulent. Plate 18, Figs. 1 and 2, will give a 
good idea of fragments broken from this deposit. It is easy to see how lime
stone might be deposited in such a place from water holding it in solution: 
but not easy to explain the peculiar mode of its occurrence. I cannot con
ceive how currents of water, even if we admit their existence in such circum
stances, could produce the remarkable shapes of these deposits ; and am 
compelled to refer it to chemical agency. If this be admitted, it must be 
regarded as an example of concretion. But it must be a concreted 
structure of a sui-generis character. 

The most interesting aspect in which these concretions can be viewed, is 
their application to the explanation of certain curious concretions in the fetid 
limestone of West Springfield; which I was formerly disposed to refer to 
organic agency. But I "ill not go into details here. I shall bring up the 
subject again when treating of red sandstone. 

Nos. 2504 and 2505, which are arranged under alluvium in the State Col
lection, are specimens of these concretions. 

45 
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2. DILUVIUM, OR DRIFT. 

I shall probably be thought by some, either ignorant of the present state 
of geology, or unreasonably tenacious of former opinions, by retaining the 
term Dihtvi11m, to designate that coating of gravel, sand, and clay, covering 
the surface almost everywhere, and resulting from aqueous agency between 
the deposition of the tertiary and alluvial strata. By doing this, I do not 
intend to advocate the opinion that all this deposit was the result of one 
transient nniversal deluge. But in New England, the greater part of it 
certainly appears as if the result of powerful currents of water, rushing over 
the snrface in the manner of a deluge. So that in this country, diluvium can 
hardly be a misnomer. Yet this is not my reason for retaining the term. 
I retain it on the following grounds. Notwithstanding the efforts of some 
distinguished geologists to expunge the diluvial formation from the geologi
cal series, the decision of a large majority of geologists, as I apprehend, is, 
t)'.at for the present at least, it must be retained. To strike it from the list 
of North American rocks, would be to dispense with the most remarkable 
member of the series. 2. All the substitutes that have been proposed for 
that of Diluvium, such as "Erratic Block Group," "Bowlder Formation," 
"Detrital Deposits,"" Drift," &c. seem to me to be as deficient in significa
tion, and to convey as erroneous notions as the term Diluvium, which in eu
phony certainly takes the precedence. S. Probably no part of geology is 
in a more unsettled state, or more imperfectly understood, than that of dil
uvium: and while it continues so, a designation for the formation is of lit
tle consequence, provided observers describe accurately what is included 
under it. When the exact limits and theory of the formation shall be set
tled, an appropriate name can be easily applied to it. 

I have intimated that the limits of this deposit have not been certainly 
fixed. In general we find it spread irregularly over every other formation 
but the alluvial. But some deposits in Massachusetts, which I had former
ly supposed to belong to the newest tertiary, I now place under diluvium ; and • 
a similar disposition of some supposed tertiary beds has been made in Eu
rope. On the other hand, I find it still more difficult to separate diluviurn 
from alluvium in some cases; though the general characters of the two for
mations are very distinct. 

I do not include under diluviurn the tearing up, rounding, smoothing, a!'d 
comminution, of the bowlders, gravel ai1d sand, that now compose it: al
though without doubt a part of these processes must ha1'e been performed 
during the diluvial period. But probably a large proportion of this work 
was accomplished by aqueous agencies, previous to that more powerful one 
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which we denominate the diluvial. That agency I suppose brought these 
materials, previously in a measure broken up and rounded, into their pres
ent state. Aud yet I do not suppose this agency to have been a very tran
sient one. For I hope to present evidence soon of its long continuance as 
well as great power. 

Of all the formations probably diluvium is the most difficult to study. A 
man may obtain some tolerable idea of the general geological features of a 
country by passing through it ooce or twice. But no transient traveler can 
tell us much of its diluvial phenomena. In order to do this, he must first 
become accurately acquainted with all the older formations and their limits. 
Else when he finds pebbles and bowlders drifted from their parent bed, how 
can he be certain of the direction in which they came~ It is now at least 
twenty years since I began to examine .Massachusetts geologically; and ten 
years since I commenced explori11g the whole state. No year has passed in 
which I have not accumulated many facts respecting diluvium; for which I 
have always kept an eye open. The great number of these facts which I shall 
here present, will at least show I think, that the general conclusions at which 
I arrive, ha1•e not been formed hastily, and without broad premises. Those 
who will take the trouble to compare the present with my former reports, 
will see that those general conclusions have not been altered since they 
were first announced : and that the additional facts which I now give, only 
serve to render them firmer. "Whatever corrections future observers may 
be obliged to make in my statements, I feel quite sure that they will never 
doubt that the diluvial waters in .Massachusetts took a direction between 
south and southeast ; and that they have left upon the solid ledges innumer
able furrows and scratches, as proofs of their direction and great power. 
These are the most important results at which I have arrived; and they are 
entirely independent of hypothesis. ·when first announced, the latter state
ment especially, respecting grooves and scratches, was received I believe by 
the ablest geologists of our country with strong scepticism. But I doubt 
whether all of them ha1·e not ere this seen enough of such phenomena in 
other parts of the land, to be satisfied that I have stated only the truth: if 1 
may be allowed to form an opinion from the numerous annual Geological 
Reports that have appeared in different parts of the country within a few 
years past; and from several articles in the scientific journals. In some in
stances the direction of these grooves rnries considerably from those in Mas
sachusetts: but I speak now only of their existence. And as I have been 
obliged to bear the obloquy of stating what was thought to be erroneous, 
I trust I may claim the honor, if there be any, of first calling public atten
tion in this country to an interesting geological phenomenon. 
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Vertical Limits of Diluvium in .JUassachuset:s. 

In general terms, this deposit may be said to lie between the tertiary and 
alluvial strata. But it seems quite probable that some finer deposits of clay 
and sand, which were produced during the same geological period, have been 
referred to the tertiary strata. In my former Report I described certain 
horizontal deposits of blue clay, covered by layers of sand, occurring in 
limited deposits in the state, especially in the valley of Connecticut river, 
as belonging to the Newest Tertiary: because I had no evidence that the 
diluvium passed beneath it. But since that time, I have discovered several 
sections, recently made, which render it almost certain that this Newest Ter
tiary constitutes a part of the diluvial deposit :-usually its upper part: but 
sometimes interstratified with it: as in Fig. 65, which will soon be exhibit
ed, and which is a section in diluvium. Wherever valleys of any consider
able extent existed in the state at the period of diluvial action, and these 
were cut off from the ocean by some barrier, I find this clay and sand. I 
infer that it was deposited by the retiring diluvial waters ; though I under
take not here to decide whether those waters retired in consequence of the 
subsidence of the ocean, or the elevation of the land. I shall present evi
dence that in some parts of the state, this draining of the waters occupied a 
considerable length of time: and probably left large expansions of the riv
ers o.r lakes, which were not drained for centuries, or until the streams at 
their outlets had worn down the barrier. This process I should call an allu
vial agency: and I consider the diluvial agency to have ceased at the point 
when the effects can be explained by existing agencies, operating with their 
present intensities. 

The only other strata in Massachusetts which can be regarded as tertiary, 
ls the formation on Martha's Vineyard, which I have considered in former 
Reports as the equivalent of the Plastic clay, or lower portion of the Eocene 
strata in Europe. On the Vineyard these strata, which are highly inclined, 
are covered over with diluvium: but I have no evidence that any diluvial 
deposit is beneath them. Hence, were we to confine our attention to Mas
sachusetts alone, we should have the whole period from the deposition of the 
Plastic Clay to that of Alluvium, in which diluvium might have been in the 
course of formation. But the mere fact that Plastic Clay is covered by 
bowlders and gravel does not show that the deposition took place immediate
ly after the production of the Plastic Clay. And the fact that the latter has 
its strata inclined, is a presumption that there was an interval between the 
two events; perhaps a long one: while on the other hand, the intimate 
connection between the diluvial and alluvial de.posits, makes it probable 
that no interval could have come in between them. 
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In thus inclu<ling regular layers of sand and clay in diluvium, I am not 
without precedents. In 1835 Rozet <lescribed diluvium as consisting of clay 
sand and gravel, with bowlders arranged nearly in the same order as I sup
pose to exist in Massachusett5 generally, viz. the sand highest; the clay next 
lowest; and at the bottom, the gravel and bowlders. (Traite Elementaire de 
Geologic par .711. Rozel, Tome 1. p. 256.) Rev. W. B. Clark, in a paper 
read before the London Geological Society, March 5th, 1837, on the Geology 
of Suffolk, in England, describes a bed of clay in the diluvium 400 feet 
thick : and specimens which I received from that gentleman cannot be dis
tinguishc<l in appearance from the diluvial clay of Massachusetts. Very simi
lar are specimens recently receive<l from Italy. Dr. Forchhammer supposes 
the "Bowlder Formation" of Denmark to have been "one very long series 
of alluvial deposits, extending from the plastic clay group beyond the ordi
nary diluvial epoch." Professor Phillips suggests, also, that perhaps the plas
tic clays and sands of London and Paris, ought to be thus regarded. ('I'rea
lise on Geology, Vol. 1. p. 297.) 

Lithological Characters. 

These have been partially stated: but the whole nee<l to be given. 1. 
Bowlde:r Stones or Erratic Blocks. How large a rounded and transported 
block of stone must be in order to make it a bowlder, seems not to be exactly 
settled. But in Massachusett~ the amount of them that are of great size is 
so large, that we need not reckon those of doubtful character. These bowl
ders form one of the most striking objects in the landscape in many parts of 
the state, and scarcely no part is free from them. 2. Gravel and Sand mixed 
together co11fusedly. These constitute the great body of diluvium; and are 
composed of every variety of rock found in the state, and of some varieties 
found in place only beyond its limits. The softest kinds of rock, however, 
have been mostly reduced to sand or clay; and the great mass, both of bowld
ers and pebbles, consists of the most unyielding of our rocks ; such as quartz, 
porphyry, sienite, greenstone, gneiss, mica slate, and granite. Thus, in the 
region west of Connecticut river, while masses of the quartz rock of Berk
shire county are met with at almost every step, it is very rare to meet with 
a fragment of limestone at the distance of more than half a dozen miles from 
the limestone deposits; although a glance at the geological map will show, 
that the latter occupy much more of the surface in Berkshire county than 
quartz rock. 3. Beds of Clay. This clay is usually of a blue color, but 
becoming nearly white in those parts of the state where a great deal of feld
spar is contained in the detritus. In all cases, however, this diluvial clay 
abounds in the protoxidc of iron. It is not of much use except for making 
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bricks, and common red earthern ware. Ususually it occupies basins, or 
trough shaped cavities, and must have been deposited in quiet waters; as 
neither bowlders nor gravel are usually mixed with it. Frequently, how
ever, as along the sea coast, its deposition is confused, and sometimes (ex. gr. 
at Fitchburg, west end of the village,) pebbles are mixed with it; and some
times (as on the rail road cut in the south part of Palmer,) even quite large 
bowlders. 4. Consolidated sand and pebbles. In some instances the hydrate 
of iron acts as a cement of diluvium; but the rock thus produced is easily 
crumbled down. Carbonate of lime, however, in some localities, has formed 
a conglomerate of considerable tenacity. The calcareous diluvium which is 
not uncommon in Springfield, West Springfield, ru1d South Hadley; and 
which has been particulru·ly described in tile first part of my report, is some
times very firm ; though on exposure to the weather, it at length crumbles 
down; and therefore can hardly answer for any purpose of construction. No. 
1560 is an example of this rock. 

In Pownall, Vt., three miles north of W"illiam's Col1ege, is an unique and interesting e.xam

ple of diluvium. It lies on the eastern side of Hoosac river) against a hill of mica slate; and rises 

at least 100 feet. It consists of pebbles of quartz and micaceous and argillaceous slates, from 

three to four inches in diameter, down to coarse sanrl : and a part of the mass is consolidated into 

conglomerate and sandstone. (Nos. 25, 26, 27, and 28.) The cement is carbonate of lime; 

which having been dissolved in water, has been diffused uniformly through the mass. It is not 

perceived by the eye; but on applying acid, a brisk effervescence ensues ; and hence I infer 
that it was infiltrated in a state of solution. And although l could perceive but few fragments of 

limestone among the diluvium, yet as the whole region abounds in this rock, it is hardly possible 

that it should not exist there, at least, in the state of sand. This being admitted, the consolida

tion of this stratum is easily explained by causes now in action. I ought to add, that when thus 

forming solid masses, it is as distinctly stratified as are most of our secondary sandstones and con
glomerates. 

How common may be consolidated diluvium in this country, I cannot say. But no account 

of any other locality except the above has fallen under my notice. In Europe, geologists de

scribe a similar rock, if Brongniart's Terrains Clysmiens is synonymous with diluvium ; for he 

says that' the parts of the rocks of that class are sometimes united by a base or cement chem

ically produced; that is by solution.,. At any rate, the consolidated shingle bed, described by 

Mantell in his Geology of Sussex, as occurring at Brighton, in England, must be regarded 
as of the same character as that in Pownall above described. 

5. Beds of Sand. This sand is siliceous and vru·ies from very fine to quite 
coarse; the latter usually lying at the top. The beds of this sand are al
most invariably spread over the beds of clay, not only in Massachusetts, but 
in other parts of the country which I have visited: and so common is the fact, 
that where we find clay, we expect to find over it layers of sand, unless al-

• Tab~eauCe1 Terrains, p. 66. 



Sratijication of Diluvium. S55 

Ju vial agency has removed them. I cannot but infer, therefore, that these sili
ceous deposits resulted from some general agency; and I cannot conceive that 
any cause now operating with its present intensity could have produced them, 
and therefore refer it to diluvial action. 6. Limonite, or Hydrated Oxide of 
Iron. This I have found among diluvium only in Berkshire County and in 
the eastern part of New York. And there it is a diluvial product in no sense 
except that diluvial action has torn it from the beds of this ore that project 
from the strata of mica and talcose slate. I have not seen in the state any ex
ample of a deposit of iron ore during the diluvial period worthy of notice, al
though we frequently meet with pebbles coated and sometimes cemented by 
hydrate of iron, and probably some of the deposits of yellow ochre belong 
to this period. 

Stratification, Inclination, and relative position of the varieties of Dilu
vium. 

That the clay and much of the sand which I have included in this forma
tion, are stratified, will admit of no question by those who have seen good 
sections through them. Ilut some have an impression that what is usually 
called diluvium, viz. gravel ancl bowldcrs, was thrown together in such utter 
confusion, as to exhibit no sorting of' the materials and no parallelism of ar
rangement. And the usual aspect of diluvial hills, seeming to be a mere 
promiscuous mass of gravel and sand, is apt to confirm this idea. But when 
a fresh section is made through such hills, and through the formation gener
ally, I have rarely failed to disco1'er as distinct marks of stratification as in 
the older fragmentary rocks equally coarse. In fact, I cannot cJn eive how 
detritus could be deposited in water the most violently agitated, without sep
arating in some measure into portions more or Jess coarse: and this is near
ly all the stratification which diluvium exhibil~. It is sometimes made more 
striking by some of the layers being a good deal more ferruginous than oth
ers: but rarely by any thing like a seam separating them : and the same 
thing is usually true of the coarsest conglomerate. The sections which I 
shall shortly present show the extent to which it is stratified. 

As a general fact, the stratification is horizontal; or as much so as in any 
deposit made from water. This does not preclude the idea that the layers 
are oflen highly inclined in particular places. For it is a dip extending 
through the whole, or a large part of a formation, that proves the formation 
to have been tilted up since its deposition. Even if this does not exceed a 
single degree, it can in few cases be ascribed to original deposition. Ilut 
cla), sand and gra,,e], may lie inclined at an angle of 5°, 10"', 20°, or even 
SO"', in particular spots, and the <lip be accounted for by its ha,•ing been de
posited on an originally inclined plane. Some sections of this sort I will 
now introduce. 
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Fig. 61 is a section nearly 4 rods Jong, and 20 feet high, in diluvial sand and gravel; the former 
rather predominating. The spot is situated at the mouth of a small stream on the bank of Con
necticut river in Montague, at Cobb's Ferry. Although the stratification is here not very regu
lar, nor entirely continuous, yet it is obvious, and we see great irregularity in the dip. Vic also 
see towards the lower part, that the general stratum is more or less divided obliquely by fine mi
nor layers, which have quite a dip. This is a most uncommon appearance in our diluvial depos
its; and it may be explained, as may also the general dip in the following section, by supposing 
the gravel and sand urged forward by general and eddy currents into deeper water, over slopes 
already formed more or less steep. 

Fig. 62 is an analogous section in Uxbridge, two miles south of the central village. It is 5 
rods long~ and ~or IO feet high; and exhibits great irregularity in the position of the layers, as 
well as m their degree of fineness. 1n this respect, the materials vary from very coarse grav
el, to common sand. The spot is on the principal road leading towards Providence. 

Fig. 62. 

~~) 
~ear the bottom o~ the deep ~alley, one mile southeast of the village of Barre, I found the 

section. s~~wn on Fig .. 6~. It is a ~ood example of what is called false stratification i that is, 
a sub-.d1v1s1on of the principal layers mto fine laminro, oblique to the planes of stratification. The 
materials are sand and gravel. 
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Fig. 64 is a simi]a.r section in Amherst laid open by an excavation for a road one mile east of 

the cast village. It is only a few feel in length and height and the materials are sand and rather 

fine gravel. But some of the layers have a greater dip than I have seen elsewhere, and greater 
than I should suppose possible to have been produced by deposition. Yet there is no other 
plausible mode of explaining the appearance. 

Fig. 64. 

Fig. 65 is a very instructive section, which was laid open in the south part of Palmer, by a 
deep rail road cut. It is more than 20 rods long, and in some places at least 50 feet high. B, 
B. are layers of fine clay (No. 205b,) nearly horizontal ; the upper stratum of which terminates 
laterally, as if resting against the slope where it was originally formed. In the upper part of the 
clay, pebbles and even large bowlders are sometimes seen mixed. This clay is of a light blue 
color, and very much resembles all the diluvial clay in the central parts of the State. The 
sand and pebbles, that lie above and below it, are unusually coarse; some bowlders several feet 
in diameter being mixed with them. In general, the stratified character of this mass is scarce
ly discernible: But near the eastern side of the hill, it becomes quite manifest; and here the 
layers have an easterly dip of not less than 25°. 

Fig. 65. 

Section on tile Western Rail Road: Palmer. 

I will not stop here to make formal theoretical inferences: yet I can hardly avoid saying, that 
such sections as the above, render it almost certain, that there must have been periods of inter
mission of the violent agitation in the waters by which our diluviu:n was accumulated; so much 

so, as lo allow of the deposition of clay. For 1 cannot conceive it possible that the layers of 
clay, imbe<lded in the gravel, could have been transported from some other place. A similar 

section may be seen in the high cliff along the eastern bank of Connecticut river, a mile south of 
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South Hadley Canal, just within the bounds of Springfield. Here the clay lies near the top of 

the cliff; and a vast amount offine detritus mostly from the sandstone, lies beneath it. I give no 

drawing of this place, because it did not come under my notice till its face was parlially covered 

by clay and sand, washed over it by rains: so that although the above stated facts are quite 

obvious, the true character of thr. whole cliff cannot be given. And I would here say, that in al

most every case, unless I have happened to see e.xcavations immediately after they were made in 

diluvium, and before powerful rains had intervened, their character has become too obscure for 

taKing a sketch; and I doubt not that the sections I have given above, are by the present time 

entirely obliterated. 
The excavation for the Western Rail Road on the north bank of Agawam river, for three or 

four miles west of the village of West Springfield, presents us in several places with a Yery 

satisfactory section of the relative position of the strata under consideration. Where they are 

undisturbed, they present the order shown upon Fig. 66. a represents the .strata of shale and 

sandstone having an easterly dip; b a deposit of calcareous diluvium: ca deposit of clay, 

the lower part of which is oflen full of small pebbles: d a deposit of sand : and c the vegetable 

mould that covers it. The diluvium is usually the thickest stratum, above the sandstone. 

O~e of the most s~tisfact~ry Sections in the valley of the Connecticut, has been obligingly 

furmshed me by Major 'Vlustler and Captain Swift, principal Engineers on the Western Rail 

Road. In o~der to asc~rtain whether they could trust the bed of Connecticut river at Springfield 

as a foundation for a viaduct, over which the Rail Road might pass, they had borings exe::uted to 

the depth of GO or 70 feet beneath the surface of lhewater, and 50 feet below the bottom. As 

will be seen fro_m the section on Fig. Ci7, a deposit of sand and gravel, such as usually constitutes 

the bed. of the river, was fir~t penetrated: nex.t a deposit of quicksand and clay i and beneath this, 

a deposit of coarse gravel with bowlders. This probably is the principal diluvial coat in this val

ley . The clay over it is rarely more than 30 feet thick. The perpendicular Jines upon the 

section, mark the spots wh~re the borings took place; and where the abutments will be construc

te~. The gentlemen me~tioned a~ove,_ have also fornished specimens of the gravel and clay, ob

tamed from th_ese_ exc~vat1ons, which will be found in the State collection ; and a more particular 

~ccou.nt of tb~1r situation will be given in the descriptive Catalogue at the end of this Report. It 

JS an mterestmg fact, that all the cla:y found in the bed of the river at this place, is calcareous. 



Sections in Dilztviwn. 

In Vol. XXII of the American Journal of Science, Alfred 

Smith, Esq. has given a section of the strata above the sand

stone, as they were cut through in excavating the canal at En

field Falls in Connecticut; which I insert, because it con

firms the views which I have exhibited of the relative position 

of the clay and diluvium along Connecticut river. On Fig. 68, 

a is the red sandstone slightly inclined ; b a stratum of diluvi

um, containing fragments of thesaT.dstone, and rounded masses 

of granite,greenstone, and other foreign rocks mixed with red 

clay : c is a layer of clay of the same reddish color: dis a 

coating of earth, with fragments of the same foreign rocks, 

though finer : Hence I infer that even the upper deposit is 

diluvial, since it is difficult to account for the presence of these 

rocks in any other way. 
In the pure clay beds the dip is rarely as great as in some of the cases of 

sand and gravel pointed out above. lndeed, except in a few spots, the layers 

are absolutely horiz011tal. A little east of the Academy in Deerfield, as we 

ascend the hill, we perceive a westerly dip, not more than 5"'. On the east 

side of North Sugar Loaf Mountain in the same town, the dip is easterly, 

nearly 10° . In Brattleborough Vt. I noticed as high a dip one mile south of 

the east village. On the old roaJ from Amherst to Hadley, the clay is seen 

to have a gentle undulation: but never producing a dip of more than 5°. A 

little north of Cabotville, however, on the east side of the stage road to 

Chicopee, I noticed the clay dipping nearly25°; which is the largest dip that I 

have seen: and very likely this might have been produced by a slide. 
In the western part of West Springfield, an excavation for the 'Western 

Rail Road is made through a ridge of greenstone and sandstone. Upon its 
south eastern side we find the Jayers of clay arranged as shown upon the 

Section in Fig. 69. The greenstone evidently formed the shore when the 

clay was deposited, which conformed at first to the rather steep slope of the 

rock: but as the bottom was more and more filled up, the layers gradually 

approached nearer to a horizontal position. a represents the sandstone; b 

Fig. 67. 

the greens tone, and c the clay. ~ 

The layers of our diluvial clay rarely exceed half an inch i 
in thickness in the valley of the Connecticut. In each lay- "l 
er the coarsest part of the materials is invariably placed at the ' 

bottom ; and there is a gradual diminution of fineness up

ward, until at the top it is exceedingly fine clay. This ar

rangement is just as we might expect from deposition in 
Fig. 68. 
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water; and it shows perfectly quiet water. Probably each layer marks the 
annual deposit; or the result of a freshet. 

I ought to observe, that in respect ,to the clay beds in such basins as those 
at Deerfield and \Vestfield, I have obtained no direct evidence that they are 
underlaid by coarse diluvium. But I can ;:ierceive no difference between the 
characters of the clay found interposed between masses of diluvial gravel, and 
that from these basins; and the general resemblance of the surrounding region, 
leads me to infer that these clay beds also are diluvial; and indeed, to con
sider as such, all that I have found in the State, except the plastic clay of 
Martha's Vineyard. 

Fig. 69. 

~~ 
a c 

Section on the Rail Road; W. Springfield. 

Jn Duxbury, a mile or two west of the village; in Kingston a mile northeast of the village; 
and in Plymouth, towards Kingston, as well as near Manomet Hill, in the south part, we 
find beds of clay, usually of a white color, resembling the plastic clay of Martha's Vineyard, 
(Nos. 142, 220b.) But its layers are horizontal; and gravel is found beneath it. Jn Duxbury I 
was told its ~verage thickness is only 13 feet. In Kingston I saw an excavation 8 feet deep, 
which did not reach the bottom. In Plymouth, north of the village, it is nearly 20 feet thick; 
and reposes on gravel. \Vhen the clay here is penetrated, the water from the subjacent gravel, 
rushes up with a good deal of violence. I do not regard these fucts as conclusive proof that 
this clay is diluvial: for layers of gravel are interslratified with the clay, sand, and lignite, of 
the plastic clay formation at Gay Head, and although this latter formation is highly inclined at 
that place, yet in Europe it is tilted up almost perpendicularly at once place, while at no great 
distance it is horizontal. Upon the whole, however. 1 have been inclined to rt!gard the 
clay along the coast of South Eastern Massachusetts, as resulting from tht! denudation 
of the plastic clay formation, which probably in some places lies beneath, by diluvial agen
cy. But I feel no great confidence in this opinion. So far as I have been able to examine the 
beds of this clay, (and the sections which I have found are not numerous, or very instructive,) 
they are wanting in those associations that occur at Gay Head. In Mansfield and Duxbury, in
deed, I have found beneath gravel, the green sand stratum, which was there about eight feet 
thick. ~ut the lignites,. so common at Gay Head, .the wh_ite clay without iron, and the red clay 
are wanting on the contment: as are also all organic remarns, except in the Duxbury green sand. 
I ha.ve hence ~bought that the clays on the continent might with greater probability be imputed 
to d1luvial action, and the gravel beneath them be regarded as diluvial. 
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Around Boston and in Essex County, the c1ay is of a light blue color. It is also often a good 
deal mixed with gravel. And generally, the clay along the sea coast is nol divided into as thin 
and delicate lamin.c, as that in the vicinity of Connecticut river. I hence infer that the latter 
was deposited in more quiet waters, than lhe former. 

I have already referred to the deposit of sand which overlies the clay 
beds so extensively in the interior of New England and New York, and 
have regarded its extent and similarity of characters, as evidence of some 
common and general cause to produce it. I think it impossible to suppose 
it to have proceeded from the disintegration of the same kind of rock as the 
clay; although I am aware, that were the sand reduced to the same degree 
of fineness as the clay, it would approach nearer in character to the clay. 
But still, it is in general exceedingly siliceous; too much so to form clay, 
however finely comminuted. In accordance with this view, I have found that 
at the junction of the sand and clay, the change from the one to the other is 
gradual. In ascending for instance, from the clay, we find layers of fine 
clay occurring at intervals, while the sand is very fine. This is shown in 
Fig. 70; in which the dark layers b, b, b, &c. represent layers of clays sep
arated by numerous layers of fine sand. Still higher in the cliff, the clay 
disappears, and the sand becomes coarser ; until at the top, frequently small 
pebbles are found, and other evidence of agitation in the waters. I conclude, 
therefore, that the rock from which this sand was worn off, must have been 
more siliceous than that which produced the clay; and also that the waters 
must have been more disturbed. 

Disturbances in the Diluvial Clay. 

The evidence is quite decided that no general disturbance in a vertical di
rection has taken place in our diluvial clays. I have, however, noticed a few 
minor and local disturbances, which are somewhat instructive. 

Some years since, I obtained the following rough sketch of a cliff, a few feet in height iu Deer
field; the face or which had recently been laid bare by the sliding away or its outer portion. The 
beds a, a, &c. b, b, &c. c, and d, Fig. 70, represent different horizontal layers of sand and clay; 
the former becoming often very fine, and the latter sometimes approaching to loam. Some or Lhe 
layers of clay were not more than a hair an inch thick; and these in general, with the interstrati
fied sand beds, appeared as if deposited from water perfectly at rest. But the stratum c, present· 
ed a most remarkable exception. It wascon1posed of angular and rounded pieces of clay, mixed 
with sand, and obviously resulted from the breaking up of several thin beds of clay and sand, by 
some unusual agitation of the waters. The stratum d, was still more remarkable. It consisted 
of sand and two layers of clay; the latter being very irregularly bent, as if, when m a plastic 
state, it had been acted on by opposing lateral forces. 

Jf I mistake not, this section throws light upon the manner in which some or the dislu1 ban
ces in the older rocks may have been produced. Let the stratum c, be only con~olida
ted by heat, or otherwise, and we have a perfect conglomerated sandstone, or gray,\acke. 
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Let the stratum d, be not only consolidated, but partially melted, so as to become in n 
good degree crystaline; and we have that variety of mica slate or quartz rock, in which the planes 

of stratification do not correspond with the contorted schistose layers. The undisturbed bed of 

aand, by the same igneous action might be converted into quartz rock, or mica slate; and the 

interlaminate<l 1ayers of clay, into argillaceous slate, or hornblende schist, or both. Thus from 

this thin tertiary formation, might result hornblende slate, mica slate, quartz rock, argillaceous 

elate, conglomerated graywacke, and sandstone; and these might present much of the regularity 

and irregularity peculiar to each rock. And to accomplish this, and also to give the strata !ln in

clined position, we have only to suppose the same volcanic agency to be exerted, which we know 

has been a thousand times employed in the elevation of the strata, and in the protrusion of the un

ilratified rocks. Indeed, from some of the sections and descriptions given in the third volume of 

Lyell's Geology,• of the induration of the Newer Pliocene strata (newer tertiary) in the isle of 

Cyclops, near mount Etna, it appears that a considerable part of this transformation has there 
been accomplished. 

Section of a Cliff of Tertiary Clay and Sand: Deerfield. 

The pre~eeding se~tion was obtained on the side of a gully, a few rods west of the stage road 

~t Long 11111, two m~les south of Deerfield north village. The last year, I obtained the following 
sketch fro~ a clay pit, recently opened, a few rods east of the academy, in Deerfield. The con

torted portion of the wall of the pit, was about three feet in perpendicular thickness; and above and 

~el~w, (as shown on the sketch, Fig. 71,) the layers of clay wereperfectlyregularandhorizontal. 

fhis prov.e~ beyond all question, that the disturbance must have taken place during the period of 
the deposition of the clay; and that the cause must have been a transient one. A few rods far

t~er to the east, as we pass up a. hill, a similar disturbance of the layers of clay appears at a 

higher .level, and of ~everal r~ds 111 length ; proving that the cause, whatever it might be, recur

red at rntervals. This case d1ffe~s from the one first described, in there being no such interstrati
fied layersof sand, as are shown rn the preceeding sketch. 

•Page SO, firateJition. 
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Fig. 71. 

Contortions in the Clay Beds: Deerfield. 

It is a curious subject of inquiry, how the contortions and even folding of 
the layers of clay, of which the two last figures will give some general idea, 
could have been produced ; especially as the layers above. and below the dis
turbance, indicate the most perfect quietude in the waters when they were 
deposited. I can conceive no other cause but lateral pressure, after the 
layers of clay were formed, while the weight of water above, prevented 
them from being forced out of their place. The great difficulty, however, 
is to conceive what the force was, which thus acted only occasionally; once 
perhaps in fifty years. Could it have been masses of ice; which, pressing 
agaii1st the bottom in the .vicinity of the disturban..:e, produced a lateral 
movement 1 If we might assume that the bottom was considerably inclined, 
the mere force of gravity would accomplish the work: but this we have no 
grounds for doing. Nor is the phenomena explicable, as in the case of sand 
and gravel, by calling in the agency of tides and currents, as a little reflection 
will render manifest. In short, the origin of the requisite lateral force is in
volved in much obscurity. 

Fig. 72, represents a peculiar disturbance in the clay, one mile south of 
the village of Springfield, on the road to Longmeadow. The section runs 
nearly east and west ; is I 0 rods long and SO feet high ; showing the north 
end of a large clay pit, not far from the east shore of Connecticut river. On 
the right hand side of the section, it will be seen that the layers are horizon• 
tal ; and these have probably never been disturbed; as this is the common 
position of the clay in the vicinity. But on the other part of the section, 
are two seams or faults, passing obliquely across the layers: and the layers 
are tilted up so as to dip easterly about 15". Where the fissures occur, 
there are one or tlrn thin layers of clay between the edges of the laminae ; 
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and I am disposed to consider them as resulting from the sliding of one por
tion of the clay upon another; whereby the projecting edges of the layers 
would be broken off, and in consequence of the plasticity of the clay, they 
might be brought into the form of continuous laminae. At least, I know 
not what more plausible explanation o( the fact to offer. 

This is the most considerable disturbance that I have met in the diluvial 
clay of Massachusetts: nor am I sure that I can give a satisfactory account 
of its origin. I suppose it produced, however, in some way or other, by the 
undermining action of Connecticut river. This would cause the clay in a 
wet season to slide down; as we witness in a multitude of instances every 
year on a smaller scale. It is true, I should have predicted that if a 
mass of clay was broken off from the main body and slid down a bank, its 
dip would be towards the river, and not from it; as is the case at the spot 
under consideration. Yet I can conceive it possible, if the descending mass 
met with an obstruction, that the layers should assume the position shown in 
the section. 

Fig. 72. 

Thicknes; of the .Diluvial Deposit. 

A formation deposited like diluvium must be supposed to have almost 
every variety of thickness: and such is the case with this deposit. We 
find it in every place where such materials as compose it could find a lodg
ment, when acted upon by waters in violent agitation. We should not ex
pect it upon the tops of narrow ridges and insulated peaks, nor upon steep 
escarpments, except in small quantity, even though carried there by the cur
rents. But wherever narrow valleys or gorges existed, through which the 
diluvial waters might have rushed, we sh_ould expect the detritus to be accu
mulated in the greatest abundance: and there in fact we usually find it of the 
greatest thickness, and its characters most strikingly developed. Yet its 
maximum thickness, in such places, is extremely difficult to be ascertained: 
especially in a country like ours, where, until recently, no deep excavations 
have been made. Our rail road cuts furnish, however, some means of judg
ing of the thickness of this deposit. In many places the rock in place has 
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been reached before the gravel had been penetrated more than 10 or 20 feet. 
But in others, as in the sot.· h part of Palmer, the excavation is 70 or 80 feet 
deep, and the solid rock has not b('Cn reached. But it is in the counties of 
Plymouth and Barnstable, that the diluvium probably attains its greatest 
thickness. It is there frequently piled up into hills, (to be more particularly 
described hereafter,) whooe height above the intervening hollows, can hardly 
be less than SO<) feet. The hills arOllnJ Plymouth, especially to the south, 
as that called llfanomet, must some of them be SOO feet high; and although 
it is possible that a ridge of rock in place forms their basis, I have not found 
any evidence of it: and Manomet Hill, at its northern extremity, is worn 
away by the sea, so as to form a cliff of considerable height: but diluvial de
tritus only is visible. The diluvial hills in Truro, near the end of Cape Cod, 
are from 200 to SOO feet high ; and as they are composed almost entirely of 
sand, there is no probability that they are underlaid by solid rock except at 
the depth at least of the ocean level. So that I think I may safely say, that 
the maximum thickness of the diluvial covering in Plymouth and Barnstable 
counties, is certainly SOO feet. For the other parts of the State, I should 
think it a moderate estimate, to put the maximum thickness at 100 feet. How 
thick a coat it would form, if spread uniformly over the surface, I can do lit
tle more than conjecture. But were I to state my impressions, I should put 
it at 20 or 25 feet. 

The preceding statements are limited to the sand and gravel that are 
usually considered as diluvium. As to the thickness of the regular layers of 
sand and clay, I have already made a few statements. In the valley of the 
Connecticut, I think the sand is usually not more than 15 or 20 feet thick; 
and l\Ir. Smith in his account of that valley, already referred to, t11inks that 
the clay beds are no where more than 50 feet higher than th surface of 
the ri1•er, anJ that their total thickness is usually less than this. .3ut on the 
margin of the basin in which the village of Deerfield is situated, the clay is 
exposed not less than GO feet in depth; nor is the bottom visible any where 
in that valley. Near the Academy, in that place, it has been penetrated by 
a well 2•3 feet, without reaching the bottom; while in the hill a few rods dis
tant, its layers show themselves to the height of SO or 40 feet; so that here 
the clay must be GO or 70 feet thick. I may also state, that in the lowest, or 
north part of Deerfield meadows, I have seen layers of clay at the bottom of 
the river, and that spot must be nearly as deep in tlie earth as the bottom of 
Connecticut river on the same parallel. The clay and sand therefore, in this 
1alley, must be nearly 100 feet thick. But I do not think we are authorized 
to suppo~e that beneath these there can be 100 feet of gra\ el. 

The statements thus f~r m<.de, I consider as little more than the prelimin
aries of this subject. The four following points, which I regard as constitut-
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ing its essence, will now receive attention. 1. Dilllvial Elevations and De
pressions. 2. Origin and Distribution of Diluvial Gravel. 8. Bowlders, or 
Erratic Blocks. 4. Diluvial Demu:lation, as shown in smoothing the surface 
of rocks, and in producing scratches, furrows, and valleys. 

1. Dilttvial Elevations and Depressions. 

The form assumed by the surface of diluvial gravel in many places in New 
England, is quite peculiar; and constitutes often a most striking feature in 
the landscape. It is pile<l up into steep and rounded hills, of almost every 
form, while the depressions between them exhibit equally anomalous forms. 
They differ usually from common valleys in this, that they have no outlet ; 
but are more or less scooped out, so as to preclude the idea that they could 
have been formed by the common eroding agency of water. For the only 
tendency of that agency at present is, to fill them up, by wearing down their 
sides; that is, the sand and gravel that surround them. These<lepressions are 
usually not more than from 10 to SO feet deep: I mean, below the lowest 
part of the elevations that surround them ;-not from the top of those eleva
tions. But sometimes the depressions are from 50 to 100 feet deep, in the 
southeast part of the state. Perhaps the following sketches will assist in 
giving a more accurate idea of these elevations and depressions than I can do 
in words. Fig. 78, was taken in the east part of Amherst; where the eleva
tions are not more than from 10 to 25 feet high : but they are very well 
marked. The spot is on the roa<l from Amherst east village to Belchertown, 
near the two small ponds, occupying diluvialdepressions, between which the 
roa<l passes. 

Fig. 73. 

Fig. 74, was taken near the center of Truro on Cape Co<l. Here the 
elevations are sometimes more than 100 feet high, and are ma<le up of coarse 
san<l. Although a meeting house is shown upon this sketch, yet what can be 
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more dreary than such a lamlscape ! where not a tree appears to relieve the 
eye, and scarcely a dwelling: for the inhabitants have wisely chosen to build 
in the valleys, where they are sheltered from the winds. Such a land
scape, however, possesses a great deal of scientific interest. It is worth a 
journey the whole length of the Cape to see such remarkable effects of diluvial 
action. 

Fig. 74. 

Dilu.,,ial Elcrations aml DqJrusions .- Truro. 

The most remarkable exhibitions of these elevations and depressions, as 
already stated, occur in Plymouth and Barnstable Counties. On the road 
from Ki~gston to Barnstable, they are particularly numerous and striking. 
A better place can hardly be selected to view them, than the ancient burying 
ground in Plymouth; which itself occupies one of these eminences. And 
from its top others may be seen on every side, except oceanward, rising in 
the distance like the waves in a stormy sea. Towards the south, they ac
tually assume a mountain size; and one can hardly persuade himself that he 
is looking only upon hills of gravel. Beyond Barnstable, we meet with no 
,·ery striking examples until we arrive at "Wellfleet Harbor. From that 
place to the Light House in the north part of Truro, the face of the country 
resembles a good deal the surface of the agitated ocean, or rather what is call
ed a chopped sea; where the waves interfere with one another. The sand is 
piled up sometimes to the height of 200 feet, with corresponding cavities; 
the sides of which arn often quite steep. Near Truro Harbor, where the 
sketch Fig. 7-1, was taken, the most striking examples occur. 

1 might mention numerous places in the interior of the State, where these diluvial hills and 

valleys exist. Dut I :shall name on\} a few of the most striking. In the eastern and southern 

parts of l"rnnklin they are common and well characterized: but not very clevat.~d, or deep. 

They arc Yl'ry frequent also in the north part of Middlesex county>and northeast part of \Vorcc.slC'r 
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county. Perhaps the town of Groton contains as g()()(l examples as any place; especially about 

two miles east of the village. Ju tht.1. region the elevations rarely exceed 20 feet: and here 

they are sitt.J.ated on extensive plains, and not in the vicinity of high mountains; as is frequently 

the case. The cemetery at 1\Iount Auburn. in Camb1idge, affords a tolerable example. !\early 

all the in£>qualities of ground there, \\ hich bi,·e such a romantic aspect to the place, are the result 
of diluvial action. On the road from Spencer to Brookfield, we witness some, though not striking 
specimens. Along the eastern margin of the valley of the Connecticut, are many good examples. 

One has been already referred to in Amherst. Another may be seen in the east part of Granby, 
where the depressions are 30 01· 40 feet deep. In passing from Montague to Miller's river, are 
some good examples. Some very striking ones also may be seen in passing from the centf'r of 

Bernardstown towards Northfield, only a mile or two east of the former place. I ought likewise 
to have referred to an example on tbe road from the center of Greenwich to Greenwich Village, 

in the north part of the town. The.se are chiefly cavities scooped out of the sandy plain, as if 
by the hand of a Titan. The same is true of those in Montague. 

Near the foot of the western slope of Hoosac Mountain, or on the eastern margin c.if tbe prin
cipal valley of Berkshire, these elevations and depressions are quite common. In passing up the 

Hoosac range from Dalton and Lee for instance, we see them very strikingly exhibitecl. Jn 
North Adams they consist chiefly of insulated conical bills, so regular as easily to be mistaken 
for artificial mounds. South of the village of North Adams about 12 of these hills, some of 

them lot less than 100 feet high, are ranged nearly in a line two miles in length: and they give 
a singular aspect to the landscape. An attempt has been already made to exhibit them on Fig. 
v;. Northwest of the same village, are others still more picturesque; as shown in Plate 3. At 
the eastern foot of Monument Mountain in Great Barrington, is another example of similar imm
lated cones, which are exhibited on Fig. 19. Near the same spot a little t.listance from the 
mountain, may be seen numerous examples of diluvial cavities as well as depressions. 

Sometimes a single conical elevation, such as those described above, is setn rising from a plain 
ol considerable extent, and having an appearance extremely artificial. l noticed one of remarka
ble regularity in the northeast part of Lee, on the road to Washington. Excepting a slight 
irregularity on one side, this is a perfect cone, 30 or 40 feet high. Another of these hills may 

he seen in the east part of Pitbfield, on the north side of the stage road to Dalton. Another ex
i-;ts about three miles west of Northampton, on the south side of the road to V/illiamsburg. 
Another may be seen in Enfield, by the side of a small stream, about two miles beyond the vil

la.;e on the road to Greenwich. Jn several instances I have seen such hills crowned by a liberty 
pole, to constitute the center of attraction for a fourth of July. 

·whatever theory we may adopt as to the origin of cliluvial hills and cavi
ties in general, we mu•t probably call in the aid of alluvial agencies to ac
count for these singular insulated conical eminences. Probably they are the 
remnants ofa once extensive diluvial deposit, which has been graclually car
ried away by existing streams. Some of them, however, arc so situatccl, it 
seems to me, as for instance those at the base of Monument Mountain, that 
no existing stream could have accomplished the work: and I am not sure 
but in nearly e\'ery case, they may have resulted from cliluvial agency; 
though I confess I am not preparecl to explain the modus operandi. 

Conical ele,·ations of this description have in many countries arrPsted the altention, and gen

erally have been regarded as the work of man. Prof. Struder mentions a case of this sort in the 

l·icinity of Berne, in Switzerland, and he says, that" in the late demolition of the fortifications,these 
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eminences, which were universally supposed to be the work of art, thrown up on the common 
Je,·el of the ground, were penetrated to their center, and it was found that they consisted for the 
most part, of enormous heaps of Alpine blocks, whose interstices were entirely filled up with 
smaller gravel and sand, &c. This chain of hills is manifestly the last remains of a much more 
general overspreading of detritus, which has been torn to pieces and carried away by later water 
courses." (Amer. Journal of Science, Vol. 36. p. 326 ) Who can doubt that the greater part 
of those mounds in the Western States, which have been supposed to be the work of man, are in 
fact the work of water? An able writer says of them, that he" had never examined one that was 
not composed of different layers of earth, invariably lying horizontally to the very edge of the 
mound." (Illinois .Magazine, Vol. 1. P· 252.) Such an arrangement of materials is entirely 
beyond the art of man, and can be accomplished only by water. Besides, so large and numerous 
are these mounds at the West, that their construction would have required all the millions of 
our globe for ages. I would not deny that the early inhabitants of this continent often selected 
these mounds for places of habitation, fortification, and burial ; nor that they have left some small 
mounds erected entirely by themselves. But I cannot doubt that the greater part of those eleva
tions, which are pointed out as the work of man, are in fact the work of water. And though I 
shall doubtless be censured for this opinion, I hazard the prediction, that a few years more will 
witness its general adopti6n. I have great confidence that the able geologists who are so suc
cessfully exploring the Western State~, will shortly set this matter right; that is, they will show 
that the greater part of these mounds have resulted from diluvial or fluviatile action, or from 
both combined. 

But to return from this digression: what origin shall we assign to the re
markable elevations and depressions in the diluvial gravel of Massachusetts~ 
I do not mean what is the origin of the diluvial currents: But admitting 
their existence, which no one will deny, how could they have produced these 
hillocks and cavities? That they were the result of running water, no one 
who has seen them, can doubt. He will see that no other agent could have 
given them their present form: and moreover he will see that they bear 
some resemblance to the appearance of sand and gravel, which have been 
exposed to violent and eddying currents in the beds of existing streams. 
But they occur on a scale so immensely larger than any thing now witness
ed, that the mind is led to inquire whether they could have resulted simply 
from running water. In the beds of !JLir swiftest currents, we see somewhat 
analogous cavities and elevations, a few inches only in depth and height; or 
possibly a foot or two: but what current could have formed them 50, or 100, 
or 200, feet high? Especially, what stream could scoop out of a nearly lev
el plain, holes 15 or 20 feet deep, over an area of a few rods only, while the 
adjoining soil remains undisturbed? Now just such examples occur not un
frequently, as on the sandy plain between Greenwich center and Greenwich 
village; and in the north part of Montague. They appear almost as if a 
former artificial excavation had been ma<le there; whose sides have fallen 
in. Now I confess I can hardly believe that all these cases are due solely to 
running water, unless it was poured over the surface with a power and a vi
olence vastly exceeding anything now witnessed. There is another agency 
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which I have often suspected may have been concerned: and that is ice. 
Let us suppose that large blocks of ice were arrested by some narrow gorge, 
and as the diluvial waters subsided, they settled down upon the diluvium that 
had accumulated. The current would now be compelled to follow many a 
devious course among the irregular blocks. Its velocity also, would in some 
places be much increased; and a natural effect would be, that it would wear 
away the gravel and sand around some of the blocks of ice. They would 
be gradually undermined and settle down; and perhaps cavities as deep as 
we now witness, might be scooped out. There are to be sure, difficulties in 
such an hypothesis. But to my mind it does afford some relief to the diffi
culties of this case, especially as I have seen similar excavations in Deerfield 
meadows, made by the water running among blocks of ice, which in the 
spring had been deposited there by a flood from the adjoining river. Some 
of these are 4 or 5 feet deep. 

I have not met with any description of phenomena in the diluvium of Eu
rope analogous to our diluvial elevations and depressions, except those insu
lated hillocks just referred to near Berne, and perhaps the Ose and Sandos3.1.· 
of Sweden, which however are quite different. But I can hardly believe that 
they do not exist in Europe: for nearly all the rest of our diluvial phenom
ena correspond to those of Europe. 

One statement I ought perhaps to add in respect to these elevations and 
depressions. I have never seen them fully developed except where the dilu
vium was either sand or gravel. If large bowlders are present, although 
the surface may be uneven, it has not the peculiar contour exhibited where 
these do not exist. 

There is another fact also that may be of some consequence. The depressions are not unfre
quently occupied by ponds. Hence the great number of ponds in Plymouth, Falmouth, &c. Jn 
some instances I have seen pond.sin two depressions only a few rods apart which had a 11erma
nent difference of level of several feet. This is the case in the ponds already referred to in the 
east part of Amherst between which the road passes. Resulting probably from similar causes is 
a fact of at least some local interest, which I appfehend is not generally known. At the east encl 
of the Holyoke range, and separating it from the gneiss range, are three ponds connected by a 
brook, and a brook also runs out both at the north and south end of the extreme ponds, both of 
which brooks empty into Connecticut river, one running north and the other south of the Holyoke 
range; so that in fact that mountain is an island. 

2. Origin and Distribution of Dilttvial Sand and Grcivel. 

Although sand and gravel constitute the greatest part of diluvium, yet 
they do not present as many instructive phenomena as bowlders : and I shall 
do little more at this time, than to describe those situations where they are 
most and least abundant. It may be stated, as a general fact, however, that 
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this sand and gravel have been drifted in a southerly direction ; or rather, for 
the most part, a few degrees east of south. If we begin with the extremity 
of Cape Cod, we shall find that probably the sand of Provincetown is allu
' 'ial: that is, washed up by the ocean. But when we come to High Head, 
in the north part of Truro, we know that the sand which constitutes the en
tire soil is diluvial; from its occurrence in those peculiar elevations already 
described. In this sand, through the towns of Truro, Wellfleet, Eastham, Or
leans, Harwick and Chatham, it is rare to meet with bowlders, or even grav
el. When they do occur, as gravel does near the Light House in Truro, they 
consist of the peculiar argillaceous slate, constituting the outer islands in 
Boston Harbor, with porphyry, and graywacke conglomerate-all of which 
rocks occur in and around Boston Harbor; and probably extend outwards be
neath the ocean far into Massachusetts Bay. As we pass westerly, we find 
in Brewster and Dennis, large blocks of stone mixed with the sancl, but 
very little gravel; and this is the case even till we reach the borders of Plym
outh. Here the sand and gravel form an extensive cleposit, piled up, as I 
have elsewhere described, into hills several hundred feet high. A large pro
portion of the gravel, as well as the bowldcrs, consists of a granitic gneiss, 
which many would probably denominate granite; and which exists in place 
in Rochester, New Beclford, and probably also beneath the diluviumon Cape 
Cod. The most perfectly worn pebbles and bowlders, however, are those of 
the granite, sienite, porphyry, graywacke, and flinty slate, which abound 
around Massachusetts Bay, from Plymouth to Cape Ann. The greater part 
of Plymouth and Bristol Counties is covered with diluvial sand and gravel: 
which is a mixture of all the rocks (ex. gr. granite, sienite, compact feld
spar, porphyry, greenstone, conglomerate, and gneiss,) which exist in place 
in a northerly direction, even as far as 30 or 40 miles. The towns of Scitu
ate, Cohassett, and Hingham, however, are in a good measure swept of grav
el and sand ; and not a little of the surface presents ledges of water worn 
rocks. 

The character of the diluvium in Duke's County is very s imilar to that of the south part of 

Plymouth and Barnstable Counties: viz. coarse sand with large bowlders. Gravel is not abun

dant i but when found it is composed of worn fr:igments of gneiss, granite, porphyry, &c. such 

as exist in place around Massachusetts Bay. Nantucket is mostly covered with sand, having the 

same origin. So completely are Martha's Vineyard and Nantucket covered with diluvium, that 

thesubjacent tertiary strata are rarely visible, except in sections along tbe coast. 

As we proceed westward from the coast, we find diluvial gravel, the most abundant probably 

near the junction of the stratified and unstratified rocks ; which is also, for the most part, the line 

where the county begins to rise a'>ove the general level of the graywacke deposits. This rise, 

howcvrr, is not sudclf'n ; and all the elevated region embraced by the gneiss formation of Wor

cester County is covered by diluvium. But along the line above mentioned, the pebbles arc ac

cumulated in the greatest abundance; are more perfectly rounded; and the marks of violent ac

tion in the water are more manliest. And this is the case generally in the state, on the margiq 
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of vaUeys: that is, we there find the diluvial gravel more strikingly exhibited than in the central 

parts of the valleys; or upon the tops of hills. lt may be, however, that this is only because the 

bottoms of the valleys are more covered than their margins, with alluvial deposits; so that the 

diluvium is more concealed; Or because alluvial agencies have carried away the diluvium more 

in the central parts of the valleys than along their border.::;. It might be thought, that it would 

explain the fact under consideration, to suppose that the margin of these valleys once constituted 

the shores of the ocean ; and that the gravel was washed up by the breakers, while the land was 

gradually raised. But in this case the deposits would not show those striking elevations and 

depressions already described; since nothing of the kind now occurs upon the coast. And be

sides, in this case the detritus would not have been drifted in a southerly direction, without much 

reference to the course of the valleys, as we find it to have been. From all these statements we 

may infer that we ought to expect diluvium to be most abundant near the base of the hills that 

bound our valleys, especially north and south valleys; and such is their almost universal direc-

tion in Massachusetls : I mean the larger ones. ~ 

In the broad part of the valley extending from Merrimack river through 'Worcester, it can hard ... 

ly be said that there is any special accumulation of gravel upon the margin: For we find it 
widely spread over the bottom of the valley; as in the region around Groton. No part of this 

valley, however, is deep; and the alluvial deposits are very limited; and therefore, conceal but 

little of diluvium. 

In the valleys of Berkshire and of Connecticut river, the diluvial gravel is 
far more abundant on their eastern than their weste~n margin. This is ex
plained by the fact that the diluvial currents in that part of the State had a 
direction considerably east of South. 

No considerable portion of the State is so destitute of cliluvial gravel as Essex County. This 

is especially the case as we approach Cape Ann, its eastern extremity. Alt~1ough the bowlders 
there, and in most other parts of the County, are quite numerous, the gravel has been mostly swept 

away, leaving naked rock over a considerable part of the surface. 

The tops of our high and precipitous mountains are generally wanting in 
diluvial gravel. But we meet with it in small quantities even upon the sum
mit of the most naked and precipitous of these. Tb us we learn that it is 
generally wanting on the mountains, not because diluvial agency has not 
operated there, but because gravity has brought it down to a lower level. 

In short, while we see every where decided evidence of diluvial action 
in the southeasterly direction in which our diluvial sand and gravel have been 
drifted, it is clear that the valleys which existed at the diluvial epoch, some
what modified that action ; and caused the detritus to accumulate in par
ticular places. And these accumulations are usually just in the situations 
where we should expect them, if a very strong current had swept south
easterly over the surface as it now exists : but by no means in rnch situa
tions as they would be brought, by the waves of the ocean, acting upon the 
shores, as the land was gradually lifted from the waters. 

S. Bowlders or FJrratic Blocks. 

It is chiefly because their greater size renders them more conspicuous, that 
the phenomena of bowlders are more striking than those of sand and gravel. 
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For the origin and dispersion of both are essentially the same. Nevertheless, 
bowlders are by far the most instructive index of diluvial agency in Massa
chusetts. 

Form and Size of Bowlders. 

Bowlders are usually more or less rounded; often perfectly so; especially 
those of the smaller size. These are often as perfectly smoothed as attrition 
will make them. Sometimes, however, only one side is smoothed; and this 
is frequently crossed by furrows, or scratches; as if the bowlder had been 
driven over the solid ledges while firmly fixed in a mass of ice. But these 
scratches might have been produced in another way. Such furrows are 
very common in New England upon the rocks in place; and if such a sur
face had been broken up by diluvial or alluvial agency, as we frequently see 
is done in the beds of mountain torrents, the smoothed and furrowed surface 
might constitute one face of the blocks thus formed; so that we cannot be 
sure this effect was produced in the manner above suggested by means of 
icebergs. Yet such may have been their most common origin. 

The largest bowlders are usually less rounded by attrition than the small 
ones: but not unfrequently their angles have disappeared by exfoliation. 
The hardest rocks, however, such as quartz, porphyry, and many granites, 
are rarely acted upon in this manner. I ought to remark here, that where 
a ledge has been merely broken into fragments, which have never been re
moved from their original bed, I do not regard them as bowlders ; even 
though somewhat rounded by exfoliation. I do not, for instance consider 
such masses to be bowlders as occur in the vicinity of the Purgatory in Sut
ton, and in Great Barrington, nor those which lie at the base of the trap 
ranges near Connecticut river, nor those of :Monument Mountain. 

Unless a block of stone exceed six inches in diameter, I have not been in 
the habit of regarding it as a bowlder. From that size up to 30 or 40 feet 
in diameter, they occur in Massachusetts. I shall name only a few of the 
largest which I have measured. 

On the east bank of Taunton river, a few rods south of the mouth of Fall river, (and of 
course just within the limits of Rhode Island,) is one of the largei::t bowlders that I have seen, 
of coarse graywacke conglomerate. It has been uncovered by the removal of diluvial gravel ; 
and much of the bowlder also has been blasted away. But I think it could not have been less 
than 40 feel in diameter. Supposing it a cube it would weigh about 5400 tons! I shall have oc
c.asion to refer to this block again, as exhibit ing another curious fact. 

A bowlder of fine grained sienite is poised upon the same kind of rock, in the southeast part 
of Draclforcl ; whose form is nearly cubical, and the length of one of the sides 30 feet. Its 
weight is of course about 2310 tons. 

48 
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In the village of Norton, in Dr. Bates garden, lie two bowlders of common graywacke, about 
20 feet in diameter; which, supposing them cubes, must each weigh about 675 tons. 

In the north pa1t of Troy, near the stage ro.ld, I measured a bowlder of graywacke, whose 
horizontal circumference is 110 feet. Probably if measured perpendicularly to the horizon, its 
girth would be somewhat less. Supposing: the mean circumference to be 100 feet, its diameter 
would be 32 feet; and if a sphere, its weight would be 1447 tons . 

On the beach at the foot of Manomet Hil1, in Plymouth, there lies a parallelopiped of por
phyry, whose horizontal circumference is 60 feet. 

On the beach at Gay Head, on Martha's Vineyard, are three very large bowlders of granite; 
one of which measures 90 feet in circumference.-Consequently its diameter is 29 feet; and if 
a sphere, its weight would be 1060 tons. 

Poised upon the conical eminence of nearly naked granite, just south of the village of Fitch
burg, called Rollstone Hill, lies a block of an entirely different sort of granite, about 45 feet in 
circumference, measured horizontally. Supposing it a cube its weight would be 112 tons. This 
block is porphyritic: which is not the case with the rock in place on which it rests. 

On the west side of Hoosac Mountain, which is very steep, in the northeast part of Adams, 
and 1500 feet above Adams village, is a bowlder of the Clarksburgh granite, nearly 20 feet in 
diameter, which must have been carried across the valley below. I have not seen this; but 
state the fact on good authority. 

It seems difficult to conceive how running water should have been able to 
remove such enormous masses. Yet it is certain that all of them have been 
transported quite a distance. Those in Fall River and Troy for instance, 
must have been brought from the opposite side of Taunton river, or from sev
eral miles north. That in Plymouth corresponds to ledges in the Blue Hills, 
near Boston: but I know of no porphyry ledge south of those Hills : and 
they are SO miles north of Manomet Hill. Is it possible that such a bowlder 
could have been carried so far? The bowl<ler in Fitchburg, that has been dis
cribed, must be have been brought several miles and across deep valleys. The 
same is true of that in Adams; and the valley which it must have crossed, 
is a very deep one. In contemplating this Sisyphean labor, however, we 
ought to recollect that a rock in water loses nearly half its weight. 

Rocking Stones. 

When large bowlders are so poised upon rocks in place that a moderate 
force will sensibly move them, they are called rocking stones. They are 
common in Massachusetts. Fig. 75, is an interesting example that may be 
seen 1 1-2 miles east of the village of Fall River. 
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Fig. 75. 

Rocking Slone : Fall Riur. 

The rock in place in Fall River is granite: but this rocking stone is coarse conglomerate, 
which has been brought to this spot by diluvial action. And the contrast in the characters of 
the two rocks increases the interest with which we regard the rocking stone: because the most 
careless observer perceives that it is a stranger, brought thither by some powerful agency of na
ture. Its horizontal circumference is 58 feet, and its medium perpendicular thickness, 8 feet. 
By an approximate estimate, I find its weight to be 140 tons. Yet with one hand it may be sensi
bly moved ; and by using both hands, it can be rocked so as to oscillate at the top 2 or 3 inches. 
It lies upon the very brink of a quarry; so that I fear it may ere long be precipitated from its 
present interesting position. It lies close to the old road from Fall River to New Bedford, and 
was pointed out to me by Rev. l\Ir. Fowler of the former place. 

Fig. 76 is a sketch of a bowlder of granite, 17 feet long and 27 feet in circumference, resting 
upon granite or gneiss: apparently just ready to fall, and yet five men with levers were unable 
to throw it from its base. It is in Berlin, one mile east of the meeting house, on the road to Bol
ton. I am indebted for the sketch and description to Dr. Lyman B. Larkin of Wrentham. He 
has also described another bowlder in Berlin, near the house of John Larkin, which weighs 160 
tons; and yet can be moved by a boy six years old. Indeed, he thinks a strong wind would 
put it in motion. It is composed of porphyritic granite, resting upon gneiss. 

Fig. 76. 

Rocking Stone : Berlin 

Fig. 77 represents a mass of porphyry, 10 or 12 feet in diameter, lying on a ledge of the 
same kind of rock in the north part of Chelsea, near the toll gate, on the Newburyportturnpike, 
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but I do not know that it can be easily moved. Fig. 78, is a view of a divided block of gneiss, 

which is nearly 10 feet high, and is so accurate1y poised upon a ledge of gneiss, that at a little dis

tance it seems as if it could easily be thrown over; but this is no easy matter. It occurs in the 

west part of Barre, on the road to Dana. 

Fig. 77. Fig. 78. 

Rocking Stone in Chelsea, 
1 

Double Rocking Stone in Barn. 

In Brew~ter, on Cape Cod, is an enormous mass of granitic gneiss 16 feet high, and 160 in 

circumference: of which a drawing is annexed in Fig. 79. This is split into 6 or 7 pieces, and 

appears as if it had been subjected to a powerful action of water, or some other agent, in former 

times. Probably it is the remains of a ledge which diluvial currents have worn away or buried. 

The sketch was taken from the west. 

Fig. 79 . 

.11 Rent Rock in Brewster, Cape Cod. 

l have noticed a rocking stone near the center of Greenwich, weighing 30 or 40 tons, which 

might be moved by a lever. One may be seen in Chilmark, on Martha's Vineyard. In the 7th. 

Vol. of the Am. Journal of Science, is a drawing and description of one, of more than 46 tons 

weight, in Roxbury; which'' a child of six years old can easily move with one hand." Men

tion is there also made of one on the Salem Turnpike; of three in the vicinity of Providence, 

and one in Framingham. Gen. E. Hoyt, also, describes one in the bed of Deerfield river, in 

Zoar. 
Dr. B. Haskell formerly of Sandy Bay nn Cape Ann, ha.s furnished me with the following de

scription of a rocking stone in that vicinity. 

"\Ve have a rocking stone within two miles of Sandy Bay, which is equal to any in.interest, 

that I have ever seen described. Its shape, though tolerably regular, will not easily admit of its 

measurement. Yet, Ihave no hesitation in sn.ying that it will weigh more than45 tons. It can 

be moved by the effort of one hand, and its motion is perceptible at some distance. Formerly it 

attracted attention. You will find it des:ribed in Mather's Magnalia.n 
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:Nitmber and Situation of Bowlders. 

With the exception of the sandy extremity of Cape Cod, Nantucket, the 
east part of Martha's Vineyard, and certain sandy plains which were deposited 
either by the retiring diluvial waters, or by alluvial agencies : such as See
konk Plain, and the sandy part of the valley of the Connecticut river, bowld
ers occur every where. Those are most conspicuous which are perched 
upon the tops of the hills;. and landscapes thus studded, are not unfrequent. 
With one or two exceptions, they are more striki!!g in Falmouth and Sand
wich, and on Martha's Vineyard, than any where else. So large and numer
ous are they here, that again and again have I felt confident there must be ledges 
upon the hills, until I had gone to the spot, when I never failed to discover 
that nothing but bow lders, often of great size and· crowded together, were all 
that could be found, partially enveloped in sand. Any one who doubts the tre
mendous power of diluvial currents, should pass from Plymouth to Falmouth, 
from Sandwich to Wareham, and along the whole western side of Martha's 
Vineyard; and I am sure he would be amazed to see what water has done. 
I can hardly believe that such large and so numerous bowlders as are there 
driven pell-mell together, could have been transported a great distance. Yet 
it must have been a most powerful agency that could tear them from their 
beds and pile them up into hills some hundreds of feet high. 

Probably, however, the most remarkable exhibition of bowlders in the 
state, is in the west part of Cape Ann. Here they are rendered more con
spicuous by the absence of sand in a good measure ; and the want of trees. 
In approaching that part of Gloucester called Squam, from the south, the 
bowlders literally cover the surface, over an extent of many square miles ; 
and nothing can appear more desolate. As I once came in sight of this land
scape, I was amused by the exclamation of my assistant,* who said,-" just 
so must the world have appeared to Noah, as he came out of the ark." An 
attempt has been made to depict this landscape in Fig. 28, on page 270. 

There is scarcely a mountain in the state, however precipitous and narrow at the summit, 

where erratic blocks may not be found ; though as we might expect, the higher and narrower 

the summit, the fewer their number. Some cases of this sort I shall mention farther on. But 

it is in valleys, and especia1ly on the northerly slopes of hills, that these blocks are most nu

merous. The southern part of the valley of Blackstone river, especially in Uxbridge, presents 

vast numbers of bowlders, and many of great size. They are abundant in the southeastern part 

of Westminster, in wbat is called Notown. At the northern foot of Mount Tom, which is com

posed of sandstone and trap, bowl<lers of sienite and common granite are accumulated in great 

numbers; and I might name several places in Berk.c.bire County, as in the northeast part of Great 

Barrington, and on the Valley Road from Dalton to Lanesborough, where immense numbers of 

ci.uartz bowlders are brought together; but it is unnecessary to be more particular. For onecao 

*Rev. Story Hebard, now Missionary in Syri~. 
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hardly travel through the state, without meeting with many remarkable displays of these \Hcct.s 

of mountains. 
)l has been frequently asserted in respect to bowlders in other countries, that they arc imposed 

upon the diluvial sand and gravel and not disseminated through them. And a superficial examin
ation of their situation in Massachusetts, might lead to the same conclusion in respect lo our 
bowlders. 

1 

For they are every where scattered over the surface,: s if dropped upon the sand and 
gravel, and not promiscuously mixed with them. But by an examination of diluvial cliffs, that 
are crumbling down, and excavations for roads, rail roads, and canals, through diluvium, it will 
be obvious that the large bowlders are not confined to any one part of the deposit: and that with 
occasional exceptions, they are more numerous and obvious on the surface, because the diluvium 
in which they-.vere once enveloped, has been worn away. The largest bowlder described above 
-that near Fall River village-was originally covered by at least 10 feet of gravel. At the 
rail road cut in the south part of Palmer, of which a section is sketched on Fig. 65, the large 
bowlders are scattered promiscuously through the gravel, both above and below the included 
clay beds. A few miles farther east, on the same rail road, in Warren, still larger blocks may be 
seen deeply imbedded in the gravel. The same is the case at the cliff at the north end of Man
omet Hill in Plymouth ; and I might refer to many other places in illustration of the same fact. 
1 do not mean that every part of a diluvial deposit is of the same degree of fineness or coarse
ness; for the sections which J have given show the contrary. But I ;nean that the lllrge bowld
ers are confinPd to no part of the cleposit-cf'ftainly not to the surface. Hence we may be sure 
that the same agency that has accumulated the gravel and sand, has also brought together the 
bowlders. 

I think, however, that there are some exceptions to this statement. I have sometimes, for in
stance, met with a bowlder of several tons weight, 011 the surface of a11 extensive sandy plain : 
and I can hardly believe in such a case, that it was not brought there in a manner somewhat dif
ferent from that in which the sand was accumulated. So when a bowlder is poised upon the top 
of a narrow and precipitous ridge, and it is impossible to believe that it has been driven up the 
steep escarpment, or even sometimes the nearly perpendicular wall of the mountain, we must 
suppose, either that it was left there before the elevation of the mountain, or transported thither 
by an iceberg, or other floating mass. 

Dispersion of Bowlders. 

The most important fact "hich I have to state, respecting the dispersion 
of bowlders from their original beds, is, that they have uniformly been drift
ed in a southeasterly direction. To this statement I scarcely know of a 
single exception. 

Another important fact is, that the size and number of bowl<lers gradual
ly diminish as we go southerly from the ledge whence they were detached. 
To this statement there are more exceptions than to the first. 

A third fact of importance is, that the direction of existing mountains and 
valleys, has exerted but little influence upon the course which bowlders 
ha,·e taken. 

Yet in the fourth place, the present hills and valleys appear to have exist
ed at the period of the dispersion of the bowlders. 

I shall now refer to particular localities in proof of the positions above 
laid down. 
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In order clearly to understand the examples which I shall now present of 
the dispersion of bowlders, it will be important to examine the Map append
ed to this report, which gives a general view of our mountains and valleys: 
along with the strike of the strata, in order to get an idea of their direction: 
And also the Geological Map, to learn the relative situation of the different 
rocks. 

When I began to examine the State geologically, I traveled east and 
west ; commencing with the line of towns bordering upon Connecticut, and 
returning through the line of towns next north. Thus essentially did I go 
over the whole state : Ami I had not passed through more than two tiers of 
towns, before I found that miiformly, in order to trace bowlders to the beds 
from whence they were derived, I must travel either north, or northwester
ly, a greater or less distance. This discovery was frequently of great use to 
me; and for the last ten years, I have acted upon it very often ; and never 
found it to fail me in scarcely a single instance. In vain have I examined 
the country on the north, east., and west sides of a particular rock, for bowl
ders of it. But they always appear upon the south or southeast side. 

If we pass from the most easterly point on Cape Cod, where bowlders occur, say from Or
leans, and proceed westerly through Brewster, Dennis, Yarmouth, Barnstable, Sandwich, \Vare
ham, and Rochester, to New Bedford; we shall find the greater part and the largest of the bowl
<lers to be a granitic gneiss, which appears in place in Rochester and New Be<lford, and proba
bly exists in ledges a little benealh the surface on the Cape. But mingled with these bowl
ders, over the whole distance, we shall find others, often 3 or 4 feet in diameter, of graywacke 
conglomerate, porphyry, compact feldspar, trap, granite, and sienite: and precisely such varie
ties of those rocks as are found in the region around Boston. The conglomerate, trap, sienite, 
and granite, are found in place also, from 20 to 30 miles south or Boston :-and the conglomer
ate in interrupted patches to the extremity of Rhode Island. But the compact feldspar and por
phyry, I have not discovered in place south or the Blue Hills in Dedham, Canton, Randolph, and 
Hingham. In Hingham especially, is a blood red variety of compact feldspar, rarely met with 
in other places i and fragments of this rock are found with more or less frequency, all the distance 
to Martha's Vineyard, where I have met with fragments a foot in diameter. This would indi
cate a direction lo the diluvial current a few degrees east of south If we suppose the other 
bowhlers described above as strewed along the Cape, (and I might add also the Eliz::tbeth Islands, 
and Martha's Vineyard, whose diluvium is of the same character,) to have proceeded from the 
vicinity of Boston, it would require the current to have been almost southeast to reach Brewster 
ancl Orleans. But by examining the islands in Boston Harbor, along the northerly side of l\Ias
saclrnsetts Bay, we shall find them composed of slate, conglomerate, sienitc, and porphyry; and 
hence the probability is strong, that these rocks extend, perhaps a great uistance, beneath the 
ocean; and may have been above the present surface at the diluvial period. So that I conceive 
the 1>recise direction of the diluvia.I current is more accur.ltely indicated by the red compact 
feldspar, than by the other bowlJers, which merely show that the course was southeasterly . 

At the north end of 7'1anomet Hill, three miles south of Plymouth village, is an almost unex
ampled accumulation of bowlders; and nearly every variety of granite, sienite, and porphyry, 
found along the coast, as far as the extremity of Cape Ann, with occasional blocks of conglome
rate, may be found there. I have already described an enormous block of porphyry at this spot; 
nn<l it is not an insulated one. Indeed, so abundant and so large are the porphyry bowlders here, 
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that I can hardly conceive they could have been brought from the Blue Hills, which are nearly 

30 miles distant: and I am disposed to believe, either that this rock exists in place not far nurth 
of Plymouth, and has been overlooked by me, or that a ridge of it did once exist there, which 

has been entirely swept away by diluvial and alluvial agencies. 
If we go from New Bedford to Rhode Island, either along the co~st, through 'Westport to 

Little Compton, or farther north to Tiverton, or even to Fall River, we shall find most of the 
bowlders to be gneiss and granite; which are the rocks in place. But mixed with these, are 

frequent examples of graywacke conglomerate; a rock which is very abundant fo the graywacke 

formation, shown on the map several miles north of the routes above specified. Some of these 
bowlders are 5 or IO feet in diameter; even those that have been transported 15 or 20 miles. It 
may perhaps be imagined, that the graywacke formation once extended over the region now 
marked as gneiss and granite; and that these conglomerate bowlders are its wreck. But this is 

rendered improbable by the fact, that as we proceed northerly towards the graywacke, they in
crease in number and in size. And it is interesting to pass from Fall River to Berkley, and wit

ness the great abundance of these bowlders. A geologist, not familiar with our diluvial phenom
ena, would be very apt to conclude that he was in a region of coarse graywacke : for he would 
see no other rock for miles. But he would search in vain for that rock in place i and occasion

ally he would find ledges of granite: and whe.n he had gone as far north as Berkley Neck, he 
would see from whence the conglomerate bowlders, so thickly strewed along the eastern bank of 
Taunton river, were derived. 

In several places, as may be seen by the Map, the tracts of graywacke are bounded on the 
north by unstratified rocks; chiefly sienite, granite, and greenstone. And as we approach these un· 
stratified rocks trom the south, even when eight or ten miles distant, we begin to find their rounded 
fragments; until at length, and that often at the distance of two or three miles from the unstratfied 
ledges) they equal, or exceed in number, those of graywacke; rendering it often exceedingly dif
ficult to ascertain the boundaries of the different formations. But on the other hand, no bow 1-
ders of graywacke are found in the primary regions lying north of the graywacke in place, unless 
deposits of graywacke occur still further north. 

The particular towns, where we find the most striking examples of a mixture of bowlders of 
granite, sienite, and greenstone, with those of graywacke, which is the rock in place, are Att1e
borou$h, l\1ansfield, Norton, Bridgewater, Brighton, Newton, Needham, and Watertown. The 
Map will show, that a few miles northerly from these towns, are deposits of granite, sienite, 

and greenstone. On the other hand, in Stoughton, Randolph, Dover, Dedham, Braintree, &c., 
we find graywacke bowlders, mixed with those of the rocks in place; and these were obviously 
derived from the graywacke formations lying notherly fron1 these places. 

Perhaps the example more definite and decisive than any other on the subject under consider
ation, occurs in Rhode Island. ln Cumberland a large hill exists of magnetic iron ore ; a con
siderable part of which contains distinct crystals of feldspar, so as to become beautifully porphy
ritic. A rock so peculiar cannot be confounded with any other. Now if we pass along the 

north, east, and west sides of this bed of ore, even very near it, no scattered fragments of it are 

seen among the bowlders. But on the south side, they occur all the way to Providence, decreas
ing iu size. Whether they may be found on the west side of Narraganset Bay, south of Provi
dence, I cannot say: but I met with several pieces at the southern extremity of Rhode Island, 

in Newport, of only a few inches in diameter. These must have traveled nearly 35 miles from 
their bed, in a directio~ a few degrees east of south, which corresponds with the facts already 
stated, especially in regard to the red compact feldspar. 

In passing through the southeast part of 'Worcester County, I repeatedly met with a remark

able variety of porphyritic granite, in which the_ imbedded crystals of feldspar are unusualy large-; 

so that the rock has been confounded by those little conversant with geology, with conglomerate 



Dispersion of Bo1clders. 3'31 

(Xo. 1 JG.J). Dut l did not find this rock in place, until I reached Harvard; where it is abun

dant. Korth of that spot I have met with none. 

Bowldcrs are ,·ery numerously spread onr e\·ery part of \Yorcester county : But as most ot 

the rock there is gneiss, which exlt-nds northerly I know not how far into New Hampshire, we 

<lo not see generally such striking examples in these bowlders of the dispersion of one sort ot 

rocks over the surface of another, as in the cases already described. Yet in the case of one 

rock, viz. greenstone trap, the southerly direction of the <liluvial current is as striking as in any 

part of the state. This rock esists, as may be seen by the Geological ~Iap, in numerous beds, 

or protruding masses, in the gneiss ; and from the place where its ledges appear at the surface, 

which is usually only a few rods in width, its bowlders may be traced southerly with great ex

actness for several miles: always decreasing in number and size: But in no other direction can 

they be found. And it is interesting to notice how strait a course they have taken ; and how 

little they diverge on either side. Sometimes, it is true, I ha\•e followed one of these trains 

northerly, without being able to find any of the rock in place: But their numbers and size in
crease until suddenly they all disappear. Who can doubt, but that in such a case, the ledge has 

been worn away so much, that it no longer appears above the surface? 
Jn the more elevated parts of the ''alley of Connecticut river, especially on its eastern margin, 

the same phenomena respecting the dispersion of bowlders, that have been detailed, are strikingly 

manifest. Jt will be seen on the l\Iap, that the numerous formations which here interlock, must give 

a very mixed character to the bowlders, if they were carried southerly by aqueous agency. Thus, 

the reel sandstone of Bernardston, Gill, nndGreenfield, is covered by gravel and bowlders deriYed 

from the argillaceous slate, quartz rock, hornblende slate, nncl granite, found in place a few miles 

north, either in Massachusetts or Vermont. The same sort of bowlders occurs on the eleYated 

sandstone and trap range in Deerfield, with the aclclition of those two rocks. In Amherst, the 
detritus is a mixture of granite, gneiss, quartz rock, hornblende slate, greenstone trap, sandstone, 
and coarse conglomerate ; all of which rocks occur in place a few miles north, in Sunderland, 

Monlag:ue and Leverett. 
}'ig. 49, and the Geological Map will show that a ridge of greenstone passes in a diagonal 

manner through the Connecticut valley, forming Mount Holyoke and Mount Tom. Tb is ridge 

rises in some places nearly 1000 feet aboYe the ri\•er: and through its whole extent, it presents 

nn almost perpendicular wall on its west and northwest sides ; although several valleys of consid
erable depth are cut through the ridge, which is quite narrow, sometimes only a few rod:; upon 

the top. Now the geological map shows to the north and northwest of these mountains, depos

its of sandstone, sienite, and granite: and bowlders of these rocks, easy to be recognized, some

times 5 or 6 feet in diameter, may be seen perched upon the top of Holyoke and Tom ;-that is, 

upon the trap. How they came there, is an interesting question. That they could not have 

been driven along the surface by water into their present position, seems quite certain; unless 

wnter could force them several hundred feet up an almost v~rtical wall. It may be thought that 

the inten·ening valley between these bowlders and their original bed, was once filled up, and that 

the bowldcrs were then drifted into their present position. But the period occupied by set im

mense a work must have been so vast, that we can hardly conceive how bowlders should still 

retain so much of frcshnes~ a.s those under consideration ; and other connected phenomena, 

which will soon be described, impress the beholder with the comparative recency of the agency 

by which they were produced. Upon lhe whole, the mind resorts to the hypothesis, as most 

sntisfactory, that these bowlders were transported upon icebergs, although not free from difficul-

til'S· 

But these same bowlders of ienite, sandstone, and trap, are scattered all 
the distance, on the eastern slope of the trap ranges, from South Hadley to 

49 
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Hartford, and even farther south. lu 'Vest Springfield I measured one whih 
is 7 feet by 9 ; and smaller ones are 1·ery abundant. All these must haYe 
been brought over the top of the trap ridge. I confess that it seems diffi
cult to believe that all this work was accomplished by icebergs ; especially 
as we find the masses decreasing in size as we go south, until near Long 
Island Sound they are rarely more than pebbles. But I know not of a more 
plausible explanation of the phenomena. 

There are other very interesting marks of aqueous agency upon Holyoke 
and Tom: but they belong to another division of the subject._ 

An instructive examp1e of bowlders, showing the necessity of gre::it caution in the examina

tion of diluvial phenomena, occurs on Mount Toby, in Sunderland. This is an insulated and 

venerable pile of mountains, rising nearly 1000 feet aboYe Connecticut river; and is composed of 

sandstone and very coarse ronglomerate. The latter occupies the greater part of the upper portion 

of the mountain. Over its top we find numerous bowlders of gneiss, from one to several feet in 

diameter: and as this rock occurs a little to lhe northeast of the mountain, in Leverett and Mon

tague, I had supposed the current here must have had a direction a few degrees west of south. 

But on examining the conglomerate, which forms the upper part of the mountain, I find that the 
imbeJ.ded fragments correspond very well with these bowlders ; and in some spots we ·witness the 

process of disintegration going on. All these bowlders, therefore, may have thus originated: 

and although, I doubt not that some of them were drifted from a distance by diluvial agency, 

yet the facts stated will prevent our distinguishing those of disintegration from those properly 

diJu,·ial. Vhre the whole of Massachusetts like Toby in its constitution the study ofdiluvfom. 

would be an almost hopeless task. 
The montainous region west of Connecticut river, is not perhaps as ferti'le in diluvial phenom

ena, as some parts of the state, until we get into Berkshire county. This is chiefly because the 

rocks are slaty ; and such rocks are not apt to be found in tbe form of rounded bowl<lers, unless 

it be some of their hardtrparts. As we approach Berkshire county, however, we meet with a very 

instructive example of bowlders. By looking at the maps and sections, it will be seen that 

Hoosac Mountain, especially on its western side, is one of the most distinct mountain ri<lges in 

the state. It rises at least 2000 feet above the ocean; and from 1000 to 1500 above the valleys 

of Berkshire: while towards the east, it consists of successh·e and irregular ridges and peaks 

gradually l~wer and lower till we reach the \'alley of Connecticut rWer. In the Yal!eys of Berk

shire, it will be seen that deposits of quartz rock extend across the whole state, and into the neigh

boring states of Vermont aud Connecticut. i\Iost of these deposits are several hundred feet lower 

than Hoosac mountain :-though Bald Mountain, in Clarksburg, is nearly as high; but it is sep

arated from the Hoosac range by a deep valley. Nearly the whole distance from the north to 

the south line of the state, a deposit of quartz exists at the western base of Hoosnc mountain ; 
and perhaps it might once have been much higher than it now is. 

Now it might be expected that bowlders of quartz rock would resist, 
better than those of most other rocks, both i;hemical and mechanical agencies, 
tending to destroy them : and such is the fact in the present case. Over the 
whole broad eastern slope of the Hoosac range of mountains, and even 
throughout the whole extent of the valley of Connicticut river, in Massa
chusetts and Connecticut, we find roundeu quartz bo1dders. , It is common 
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to find them, though not large, at least 50 miles from any ledge now existing 
of this rock. As we rise towards the summit of 1-Ioosac l\Iountain, and there
fore, come nearer the place from whence they were drifted, their number 
and size increase. Indeed, it is not unusual to meet with these bowlders 
from 6 to 10 feet in diameter, which have been drifted over that mountain. 
As we go down the western slope of the mountain, their number and size 
become very great; just as we should expect, if that mountain, at the time 
of their dispersion, opposed itself, as it now would, to their southeaster
ly movement. For it will be seen that their drift must have been nearly in 
that direction, so that the diluvial current in the western part of the state, 
must have deviated farther by 20° or 30° from the meridian, than in the 
central and eastern portions of the state. 

Another fact leads to the same conclusion. In almost every part of the valleys of Berkshire, 
we meet with bowlders, not usually large, of graywacke. Now if we cross the lofty and pre
cipitous Taconic range of mountains, that bounds these valleys on the west, we shall strike a de
posit of that rock in New York, extending along nearly the whole western boundary of New 
England . There can be no doubt, therefore, whence these bowlders were derived j and their di
rection must have been nearly southeast. But evidence of this statement still more satisfactory 

will soon be presented. 

In the mountainous region west of Connecticut river are numerous and very 
extensive beds of serpentine. And almost uniformly we find a train of bowl
ders of serpentine extending southerly from these beds and decreasing in 
numbers and size. The same is true in fact of all the different sorts of rocks 
in the state: and I have mentioned only those which are easily distinguished 
from others, that thus other persons may be able easily to test the truth of 
my statements. 

4. Dihtvial Denudation, as shown in smoothing, scrntching, andfurrowing 
the rocks, and producing valleys. 

If such vast quantities of gravel and bowlders as have been described, 
have been driven over New England by aqueous agency, we should 
naturally enquire whether any traces of such an event remain upon the sur
face of rocks in place. For unless these heavy bowlders were floated above 
the surface, they must have worn down its saliant parts, and ploughed out 
valleys where the force of the current was strongest. It may be doubted, 
however, whether even if such erosion has taken place, all traces of it may 
not ere now be obliterated by the subsequent disintegration of the surface 
of rocks by atmospheric and other alluvial agencies. Examination will show 
that this is often but not always the case. On those rocks which are most 
easily disintegrated, I ham rarely met with traces of diluvial action. Only 
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in one or t1rn instances h~we I found groans upon the lime-Mone of the 
valleys of Berkshire: and this rock, it is 1rnll known, is easily worn away . 
.But on the hard limestones of the western part of Kew York, these marks 
are most striking and common. The coarse granite almost e1·ery where, and 
the granitic gneiss of W orcestcr county, show usually few marks of this 
abrasion. Probably no rock is less liable to disintegration than argillaceous 
slate: and that mica slate and talcose slate which approach clay slate ; and 
on these rocks are the freshet and most frequent diluvial marks. Many vari
ties of sienite ha1'e suffered but little disintegration: and the graywacke of 
the eastern part of the state, as well as the sandstone of the Connecticut valley, 
have preserved these markings very perfectly. Even the coarsest conglomerate, 
whose pebbles are deeply 1rnm down, exhibit them in a striking manner. But 
on all these rocks they are the freshest where they ha1'e been covered by soil. 
Hence it is, that excavations for roads and canals are the best places for dis
covering them. And I cannot doubt, but that if their entire surface were 
denuded of its soil, these sketches would be found on every variety of rock ; 
and I had almost said, over the entire surface that was not protected from di
lu vial action. 

The first effect of this aqueous agency which I shall notice, is the smooth
ing and rounding of the surfaces and saliant angles of the fixed rocks. 
These effects are the least striking of any produced by cliluvial action ; be
cause, when men see a smooth rock, or one with its protuberances worn olf, 
they rarely think of any agency except those now in operation as the cause. 
But in a multitude of instances, I am persuaded that these effects are the 
fruits of i!ilm-ial action : first, because it is only the northern exposure or the 
horizontal surfaces of ledges that are thus worn down; and secondly because 
the denuded surfaces are often situated where none but diluvial agency could 
have reached them. Nor are the angles rounded off by mere exfoliation, as 
often takes place: for the new surface is smooth, not rough as it would be if 
this latter agency had produced it. Where no subsequent disintegration 
has taken place, the surface is almost as smooth as if polished. But where 
it has been long exposed, more or less of erosion has usually occurred; so 
that if it be desired to find the most perfect examples, the rock must be un
covered where the soil is several feet deep. 

So common is this appearance, that I have not thought it necC'ssary to point out particu1ar spots. 
Perhaps the sienite on the norlh and south of Boston exhibits it most strikingly, where it is not 
easily disintegrated. Oft~n the g1eenstone there, as well as in the v:.:i11ey of the Connecticut, 
shows it distinctly if the soil be removed: but where exposed, this rock usually becomes rough 
an<l covered with lichens. But upon the whole, this effect is seen to most adrantagc upon the 
coarse conglomerate, both of the graywacke and the new red sandstone; because the variagatcd -
aspect of the surface renders it more striking. 
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After all, it is unusual to find a large surface smoothed without exhibiting 
also scratches or grooves, more or less distinct. Scratches appear to have 
been produced by the angle of a single bowlder, drfren ornr the surface: 
but grooves or fu1To\\·s were the result of the passage of numerous fragments 
along the same track. These traces, howe1•er, are so nearly related that I 
shall not attempt to separate them in pointing out the localities where they may 
be seen. Some preliminary statements seem desirable, before giving these 
details. 

As a general fact, it may be stated that these scratches and grooves occur 
either upon a horizontal surface, or upon one sloping a few degrees to the 
north, or northwest. I have seen them in a few instances where the slope 
"·as very gentle towards the southeast: as on the road leading from the mid
dle of the town of 'Vindsor towards Cummington, before it begins rapidly 
to descend. In all cases where the southerly slope is at all steep, no trace 
of these impressions appears. On the contrary, where the ledge is steep 
upon the north side, that face of the rock is deeply worn, often several feet 
below the top, much more than upon the top ; as if a succession of blocks of 
stone had been driven violently against it, and at length dragged over the 
top. ·where the inclination of the rocks is as great as 20" or 30°, I have 
sometimes seen its surface deeply furrowed as many as IO or 15 feet below 
the top, and all the way to the top. ·where the slope is more gentle, the 
grooves commence on the north side from I 00 to 200 feet below the top: as 
on the west side of the Taconic range of mountains, and on the hill in the 
east part of Peru, on the road leadin~ to 'Vorthington: also in the west part 
of 'Vorthington on the road to Middlefield: also on the north side of ]\fount 
Everett, in Mount 'Vashington. If the rock has a "ery steep face on its east 
or west side, that face is sometimes scratched and smoothed as the rocky 
banks of a rh-er are sometimes smoothed and scratched by masses of floating 
ice during floods. 

A person unaccustomed to observe diluvial markings, may confound them with several other 
phenomena. The surface of rocks is often unequally disintegrated in the direction of the planes 
of stratification, or of the joints, in consequence of the unequal hardness. Veins of segregation 
nlso, sometimes produce the same appearance ; and ripple marks are somewbat analogous. To 
avoid errors from this source, it is best (and I have adopted this course in the following state· 
mcnts,) not to consider any scratches or grooves as diluvial, that coinciJe with the strike of the 
strata, joints, or sPgregated veins. ln most cases, however, the markings are so plain an<l so obvi· 
ously the effect of running water, that such precaution is unnecessary to avoid mistakes. 

In nearly all the cases mentioned below, the diluYial furrows make as great an angle with the 
strike of the Rtrata as in Fig. ~O, ·which was taken from the surface of gneiss in the town oi 
Dillcrica, on the turnpike from Boston to Lowell; not far from the sixteenth milestone from Bos· 
ton. The strata run in the direction a, a, and the diluvial scratches in the direction b, b. 
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Fig. so. 

Jn the following table, the direction of the grooves and scratches is given, as determined by 

the magnetic needle; which in Massachusetts at this time bas a westerly variation of about 8°. 

I shall begin at the eastern part of the state and proceed westerly. 

Locality. 

Kenl's ls1and 1 Newbury, 
Newbury, 
E1111cx, 
l'rfarblchead,N.W.part, 

do westpartofvillage, 

do in town, 

Saugus, near the center, 
do west part, 

Towards Stoneham, 
Woburn, 

Rowley, 

Bradford, 2miles S. E. of center, 

Rock. Direction. Remarks. 

.Metamorphic Slates, N. W. and S. E. 

Sienite, do Jn 50 places. 

do do 
do N.1o•w.&s.10•Jl. 
do do Very deep. 

do 

Greenstone, 

Sicnite, 

Nearly the same ofthelateHonWm. ~
Near the residence 

Reed. 

N. 20· w. &s.20°E. 
do 
do 
do 

Several plaCes. 
do 

2 Examples. 

N. w. & s. E. { ~r~fl:es partly scal-

N.30~ W. &S. 30°E. 

Dorch~~;?r~~eW:;Ho~~:. neor Dr.Har-} Graywacke 
Conglomerate, 

do 
Sienite, 

} N. &S. nearly {An interesting case. 

do inalmoslallpartsofthe town, 

Cohasset,N.part, 

do center, 
Hingham, N. W. part of village, 
Scituate, W.part 1 

New Bedford,4 miles ,V.of town, 
Duxbury, S. ,V.part, 
On the Plymouth Turnpike in various~ 

places in the towns of Qui_ncy, Brnin
irce, \Veymoulh,and Abington, 

Randolph, Canton, Sharon, Dover,~ 
Hanover Four Corners,&c. very com
mon, 

D~~!:~~ ;:!i :~en~· of Court House,} 

Fall Ri\.'er,eastof village, 

do on alargebowlder, 
Newport, R. I. S. E. part, 

Norton, village, Dr. Bates' garden, 

\Vest 'Vrcntbam, west of 1\1. House, 

.Mcdfield,l l-2mile towards Sherburne, 

do 
do 

Gneiss, 
Granite, 

Sienitc1 

S. a few degrees E. 

N. &S. nearly 
N. and S. 
do nearly 

S.20'=E.&N.20 .. W. 2 inches deep. 
S.15 .. W.&N.15 .. E. 

N.1S .. to20 .. W.&.S. 
1S .. to20 .. E. 

and N a few degrees W. & Exn.ct direction not Sienite, ~ 

Granite, S. a few degrees E. measured. 

Sienite, N.IO"'W.&S.10 .. E. 

Granite, AfewdegrcesE.ofS. Numerous. 

Graywacke Conglom.S.20°E. &N. 20"' W . An unique case. 

do S.10°to20c:i E. &c. 

Graywacke, N.15'"' W. & S. lG'"'E. Distinct. 

Red Slate & Conglom. 

Sienite, 

5 Depth4 or5inches, 
lnumerousand fine . 

N.lO"'W.&S.lOQE. Numerous. 
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Locality. Rock. Direction. Remarb. 
Natick, Sienite, N.20'"W.&S.20aE. Numerous. 
Newton west part, Graywacke Conglom. N. a few deg. W. &c. Common. 
Between Andover and Boston, Sienite, do Frequent. 
Burlington, near M. House, GneiH, N. 15a W.&S.15aE. 

do on ro11dtolledford, do do 
Andover, Soapstone quarry, llornblcndic Gneis1 1 N .1oa W. & S. lOa E. Distinct. 

do 11·2 mile cast of Seminary, Gneiss, do 
do l mile north of Seminary, do do 2 Examples. 

Dracut., Hornblende Rock, S. a few degrees E. 
Luwcll, in and around the city, Gnei1111 & Mica Slate,S. lOa E. &N.1oaw. Abundant. 

Lexington, west part, Sienite & Greenstone. S. 5a E. & N. 5a W. { ~o~x~mJ~~~0;~. tlie 

Tyngsboro, in the village, Gneiss, do Distinct. 
Westford, l mile north of M. II. Mica Slate, Nearly N. & S. do 

do west ofl\1. H. foot of large hill. do S. a few degrees \V. 
Jlarv11.rd Slate Quarry, Argilb.ceous Slate, do Very fine. 
Pepperell, do S. a few degree• E. Several. 
Sutton, S. E. part enstern slope of hill, Gneiss, N. & S. nearly 
'Vorcester to Berlin, M. Slate & Gneiss, do Numerou1. 
Princeton, near old M. House, Gnei891 S. a few degrees W. Distinct. 
Top of Wachusett, west side, do N. & S. nearly Much weathered. 
South Brookfield, a little E. ofM. H. do N. a few deg. W. &c. 
Rutland, nearM. House, do Nearly N. &S. 
Westminster, 2 miles south ofl\.1.H. on~ 

the road to Hubbnrdston at a cross 
road, 

Royalston, ].2 mile W. of village. 
do E. part road to S. Royalston, 
do S. part high hill, 

South Royalston, near beryl locality, 
Athol,N.E. part high hills, 
Petenham,byM.Ilouse, 

N. 5ci W. & S. 5a E. A fine Example. 

do N.10"' W.&s.1oaE. 
do N. a.few degrees ,V. 
do do 
do N. and S. 
do do Frequent. 

N.30"'W.&S.30aE. Diatinct. 

'Va.rwick, S. E. partnenr bed of iron ore Mica Sln.te, ~ 
Somet;mc• ••vml 

N. 5a W. & S.5a E. feet wide and a. foot 
deep. 

do nearl\1.House. 
Mount Holyoke and Tom, 
Gra.nby,N. part, 
Deerfield, S. E. part, 
Sunderland,N. part near Ca\'ern, 
l\.fontague, S. part, 

Northfield,W.sideoftheriver, 

Hornblende Slate, 
Greenatone, 
Sandstone, 

Conglomerate, 
do 

Hornblende Rock, 

do 

N. & S. nearly. Remarkable. 
do 

do 
do Frequent. 

{Neu Hon. s. c. 
Allen's. 

do S. part l)f village, Conglomerate, do Distinct. 
l\(onadnocMt.N.llampshire3200feethigh 1 Gneiss, 

Gr1~ft~~/:'N~°J.a.~} ~~~=~~ral St. and} Red Sandstone, 

Deerfield,N.W.part, 
Shelburne, N. W.part,highhill, 
Ucath,near the center, high land, 

Mica Slate, 
do 
do 

do Very Striking. 
do 

Very distinct. 

do 
do 
do Frequent. 

Rf"lwe,nearM House and in W.part, do&TalcoseSlate, do ~
Sometimes 2 to 12 
inches wide and sev
eral deep. 

do do 

do 

( Sometimes on a 
N. lOa E. & s. 10a w. lslope of 10~ aouth

erly, & a stillgreat.
er northerly slope. 

N &S. nearly. 
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Locality. 
Florida, HoosacMt.2400feet high, 

do do do 
Windsor,N.W.part, 

do 3milesE.ofcenter, 
reru to Worthington, N. W. slopes, 
Worthington, ·w. part, 

do roadt0Middlefield 1 

Middlefield,nearM.House, 
do halfamilemoresouth, 
do nearsoapstonequarriesE.part, 

Blanford, 1-2 mile N. of M. H0use 1 

Otis to Becket, 
Becket,E.part1 

Middle Granville, 1 mile W. of M. House, 
Tyringham, Mt. east of Hop Brook top, 
Mt. Washington, W. side of Mt. Everett, 
Mt. Everett in do. on top, 2600 ft. high, 
Egremont, W. Slope of Taconic Mt. 
Copake, N, Y, W. side of Taconic Mt. 
Egremont, near Brown's Marble factory, 

Tom Ball in Alford, on top, 
Lenox Mt. road from Richmond to Lenox, 

Pi;~~~~l1d, W. part on the 'l'aconic east} 

Saddle Mt. E. Valley in Adams, N. end, 
do do do S. end, 
do N. part of central ridge, 
do S.W.partBaldMt. 

Rock. 

do 
do 
do 
do 
do 
do 

do 

Directian. Rt marks. 
N.70'"'W.&S.70ciE. Eastsidcofthel\lt. 

d0 nearly Westside of .Mt. 
N. &S. nearly 
N. W. &S. E. Numerous & distinct. 

do Very striking. 
N.30"'W. &S. 30° E. 

do 

do 
N.severaldegreesW. 

~ 3~0 ft. below top ot 
llJ1ll. 

do do 

do N. & S. nearly { ;~~~l~i~~c~;a\e1;.eCl-
Gneiss1 N. W.&S. E. Several. 

do do do 
Gneiss, N. 30"1W. & S 30"1 E. Fine Example. 

do N. W. & S. E. nearly 
Mica Slate, N. lO"'W. & S.IO"'E. Common. 

do do Much weathered. 
Argillacf>ous Slate, N. W & S. E. Distinct. 

do N.15ctW.& S.15qE. 
Limestone, N. W. & S. E. 

Talcose Slate, 

do 
:Mica Slate, 

Talcose Slate, 

do 
do 
do 
do 

do 

(Very distinct and 

lextending down the 
slope some hundreds 
of feet, 

N.35qW.&S.35"'E. Distinct. 
N. 30q W. S. 30"' E. Numerous&distinct. 

N.W.&S.E. 

N. and S nearly ]n the Tunnel 
N. W. & S. E. Clea.red land. 

N. an~ S. nearly. Much Weathered. 

It would have been easy to have enlarged the preceding table: For in almost evf!ry part of l\Iassa
chusetts, where I have seen the rocks newly uncovered of soil, diluvia\ scratches and grooves ap
pear. But such a general uniformity prevails in their direction and appearance, that 1 frequently 
became weary of measuring and registering them; especially as I conceive I have preserve<l 
enough, out of the multitude which I have observed, to answer all the purposes of science. I 
have given above, two or three a little beyond the limits of 1he state; and }Jerhaps it maybe well 
to add a few others, which I have noticed. Over all the region between l\Iassachusetts and Hud
son river, they are common upon the graywacke and slate, and their average direction is N. W. 
and S. E. I have noticed them in Hillsdale, Dover, Nassau, Schoodack, Copake, &c On Can
aan Mountain, in Connecticut, their direction, on Mica Slate, is only a few degrees ,vest of 
north and east of south. The same is true near the meeting house in Nor folk, and upon the high 
mountain called Mount Tom, in the west part of Litchfield, they run from N. lOQ to 15° VV. to 
S. IOQ to 15° E. on gneiss. 

Some of the cases mentioned in the preceding table will need additional description. 
Several examples are given where the grooves are quite deep, as in 1\larblehead near the west 

part of the village; four miles west of New Bedford; in West Wrentham, Warwick, l\Ionadnoc, 
Rowe, and especially on Mount Holyoke. In all these cases the abrading agency appears to have 
operated long enough to wear out troughs several inches, and sometimes several feet, deep. Usually 
in these cases the ledge presents a steep slope on the north side, and the grooves commence seYeral 
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feet below the top. That in New Bedford, however, is on a level surface. In \.Vest \Vrentham 
the red slate and conglomerate, a little west of the new meeting house, show numerous mark
ings and grooves remarkably distinct and fresh ; as this is a rock that disintegrates but very little 
on the surface. The example in Warwick is on a hill, probably 1000 feet or more above the 
ocean, and near the heds of magnetic iron ore that have been described in the first part of my 
Report. The grooves are sometimes a foot deep, and several feet wide: and two large bowlders, 
weighing several tons, lie directly within the troughs ; showing most distinctly the agency by 
"hich they were scooped out. I do not recollect having seen any othercaseoftbissort so strik
ing. I noticed these troughs in two places in Ro~e; one near the meeting house, and the other 
in the west part of the town, on the road to Monroe. 

I have referred to Monadnoc for an example of diluvial furrows, although a little beyond the 
limits of the state ; because it appears to be a very striking case, and may aid us in forming a 
correct theory of diluvial action. I am indebted for the history of this example to my Assistant, 
Mr. Abraham Jenkins, Jr. who is well acquainted with similar phenomena in Massachusetts, 
and may, therefore, be relied upon. On the sides of, and around this mountain, diluvial grooves 
and scratches are common; having a direction about N . 10"' W. and S. 1oa E. The summit of 
the mountain, which rises in an insulated manner to the height of 3250 feet, is a naked rock of 
gneiss of several acres in extent, and this is thoroughly grooved and scored. One groove mea
sured 14 feet in width, and 2 feet deep; and others are scarcely of less size. Their direction at 
the summit, by a mean of nearly 30 measurements with a compass, is nearly north and south 

Many of the grooves on Mount Tom and Holyoke are like those already described; being only 
a few inches deep and wide. Such cases may be seen a few rods north of the Prospect House on 
Holyoke; and some distance southerly are bowlders of granite and sandstone, several feet in di .. 
ameter, lying upon the spot where they have scored the trap rock in place. But most of the fur
rows 'on these mountains are worn so deep, as to become valleys, from a few feet to one or lwo 
hundred feet deep. As this is a remarkable and almost unique case in Massachusetts, it will re
quire a particular description. 

lly consulting the sketch of the valley of the Connecticut on Fig. 49, it may be seen that au al ... 
most continuous ridge of greenstone commences with West Rock at New_ Haven, and runM 
through the valley to Northampton, where it crosses the river and curves off to the right, be
tween Hadley and Amherst, forming Mount Holyoke, and terminating in Belchertown as it strikes 
the primary rocks. That part of the mountain in Northampton is called ·Mount Tom, which 
sinks several hundred feet abruptly near the south line of the town, and between itand Holyoke 
there is a gulf, but little wider than is necessary to allow the river to pass. Tom rises about 
1000 feet above the ocean; but Holyoke not more than 900 feet: yet the top of the ridge is of 
exceedingly unequal elevation; being crossed by a mu1titude of valleys, varying in depth from 
8 to 10 feet, to that in which Connecticut river runs; which is at least 800 feet below the high
est part of the ridge. The upper part of the mountain is composed of greenstone, which rests 
on sandstone ; and in several instances the greenstone has been all swept away in the valleys 
above mimed, so that their bottom is only sandstone. But in general, the valleys are not deep 
enough lo reach the bottom of the greenstone. It ought further to be remarked, that on its west 
:rnd north sides, this ridge is very precipitous, at least for 200 or 300 feet; so that in fact the 
upper part of it, through which the valleys have been cut, forms a wall of very hard materials. 
Plate 6, will give a good idea of the appearance of Holyoke and Tom, as seen from Amherst on 
the north side of the ridge, 5 or 6 miles distant. And yet such a drawing can exhibit only the 
larger valleys. After having traveled on foot from on end of the ridge to the other, not far from 
15 miles, I should say that the number of distinct va1leys must exceed 50; and perhaps they 
may amount to 100. lt was not till within three or four years that I suspected them to have been 

50 
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produced by the eroding action of water. Their bottoms are so covered wiLh soil and detritus, anrl 

their sides have been so much scaled off by atmospheric agencies, that although their general as

pect is precisely that of the deserted beds of streams, some more decided proof seemed wanting 

to establish the fact, that 50 waler courses had been worn out across the top of thisnnrrow ridge; 

which on the north side is almost perpendicular, and on its other side very steep. I had formerly 

supposed that the inequalities on its top might have been produced by the original protrusion of 

the trap through the sandstone: but noticing frequent grooves, as well as large bowlclrrs, upon 

its top, as well as a great resemblance to ancient water courses in the valleys, J was led to closer 

examination, and by the following argument satisfied myself that they are valleys of erosion. 

The sketch of the valley of the Connecticut, Fig. 49, shows that Mount Tom and the south 

part of Holyoke have the general direction c.f the range, which is a few degrees east of north: 

but Holyoke rapidly curves to the rightc. as \\-·e pass northward, until it becomes, in its caskrn 

part, for four or five miles, ncaily east and west; or almost at right angles to the general direc

tion of the ridge. This is shown more distinctly on Fig. 81, which represents Tom and Holyoke; 

the line N. S. being the magnetic meridian. The valleys are also shown upon their top, running 

in the same direction as they actually exist, though no attempt is made to exhibit their actual 

number. Now I first noticed these valleys, A, A, A, in the eastern part of the ridge,\\ here 

they run nearly north and south, and crass it nearly at right angles. And before I had made far

ther ex:imination, I argued, that if thE'y were produced by the original protrusfon of the moun

tain, as the mountain curved I should find them in e~ry part crossing the ridge at right angles; 

as shown by the lines B, B, B. But if produced by that same far reaching northerly curr~nt, 

which has swept so powerfully over other parts of the state, the valleys would continue to have 

the same direction, even where the ridge runs nearly north and s0uth. Careful examination 

brought abundant proof that the latter supposition is the true one. 

Fig. 81. 

When the ridge runs nearly north and south, howe,·er, and is only a few rnds \\ idc, we not 

uofrequently find a valley divided into two; one running more to the right, and the other more lo 

the left than the usual course; while at their junction, a ridge of trap is interposed between them, 

whose northern extremity is rounded, as if the current had beat powerfully upon it, and Ly it had 

been deflected to the right and the lefi. As the trap is arranged somewhat in successive stories, 

having a columnar form, the appearance is that shown on Fig. 82, which was taken a little south 

of the prospect house on Holyoke. Berzelius describes a similar appearance on the northeast side 

of the mountains in Sweden, as" resembling at a distance, sacks of wool piled upon each other.,, 

This description strikingly corresponds to the case on Holyoke shown in the figure. 
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Fig. 82. 

Grttnstone !Iu11tmockon Tlofyohe. 

I do not suppose that all the valleys on Holyoke and Tom were entirely produced by diluvial 
agency. Jf they were, I cannot see why some of them are so much deeper than others. Pro
bably there were original inequalities in these mountains, and in many cases this agency only 
modified the valleys that already existed. 'rhe present bed of the Connecticut, _between Holy~ 
oke and Tom, appears to be a valley of erosion; yet here was probably a depression in the ridge 
before the aqueous agency commenced. Jndeed, by examining the sandstone strata beneath the 
trap, on the north part of Tom, and the south part of Holyoke, it will be found that they dip later
ally towards the river. On the north side this is particularly obvious: so that while at the river 
the line of junction between the two rocks passes beneath its waters, less than half a mile north, 
the junction is not less than 200 feet above the river; making a dip of nearly :;a. A similar dip 
tnay be seen on the west side of Tom, by standing at considerable distance, and observing the 
general line of junction between the two rocks; which is made obvious by the difference in the 
vegetation. I infer, therefore, that the bed of this river between these mountains, was origin
ally a valley of subsidence, occasioned by a fault in the sandstone. Probably, therefore, the 
actual erosion by the waters has not been much greater in this valley than in many others on 
these mountains. But the work here commenced at a lower level. 

I have met with scarcely no examples of diluvial valleys, like those on Holyoke, in other parts 
of Mac::sachusetts. The top of Toby in Sunderland, considerably higher than Holyoke, shows 
a few of them, which are not of much depth. The high hill south east of the village of Ware, 
mny perhaps exhibit this phenomenon; and I thought l discovered it among the diluvial hills in 
the south part of Sandwich. It ought, however to be recollected, that most ot the mountain 
ridges in the state run north and south; and this may have prevented the occurrence of 
those valleys. The Blue Hills, south of Boston, which run east and west, I have not found time 
to re-examine, since my attention was called to this subject. But a mere view of the outline 
will satisfy any one that no valleys can exist there that can be compared with those on Holyoke. 
lTp1ln the whole, I am inclined to the opinion, that this phenomenon exists on Holyoke and Tom, 
l11•rause their elevation is less than that of the primary regions forming the east and the west sides 
of the vnlley,and, ther~fore, the cliluvial waters acted there a longer time The dirC"ction of the 
cum·nt in that valley, as appears from the course taken by the drift and the bearing of the 
~roove:; and scratches, corresponded essentially with that of the valley. Jn othl'r ,,·ords, 1t 

would scl'm that when the level of the diluvial waters had sunk below the tops of the primary 
ranges, the current was diverted down that valley. \Vhile yet its force was great euou~h, or 
the materials borne along by it powerful enough, to groove the hard summit of Ilolyok·~ and 
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Tlfm, it would continue lo scoop out and modify the valleys that now cross these ranges. But 
after its velocity had become moderate, and perhaps too the icebergs and detritus borne along by 
it had disappeared, then would it begin to deposit the clay and sand now found in the banks uf 
the Connecticut and its tributaries. Afler the deposition of the clay, however, it would seem as 
if a period of greater violence succeeded in the waters, or else the materials brought along and 
deposited by them were coarser; since we find sand uniformly above the clay. Perhaps, however, 
this might have resulted from floods, by the melting of snows, or powerful rains. Indeed, it is 
impossible in this case to say where the diluvial agency terminated and where the alluvial agen
cy begun. 

One negative fact ought perhaps to be stated in this connection, on ac
count of its bearing upon the theory of diluvial action. Multiplied and 
striking as are the marks of powerful currents of water rushing over our 
highest mountains, and passing through our valleys and gorges, no example 
have I ever seeJ1 of what are called pot holes; that is, pot shaped excava
tions made by the gyration of pebbles. In existing streams these are common 
wherever there is much of fall in the water over rocks. This last circum
stance is, I apprehend, essential to their production; an<l hence we may in
fer that cliluvial action was not the result of rivers, but of a wide spread cur
rent in which falls of much magnitude could not occur. 

A few other cases of diluvial grooves and scratches Lhat have been given in the preceding table, 
deserve description. 

The case in Rowley illustrates the comparative recency of diluvial action. There, on one 
part of the sienite, lhe grooves are distinct: but upon an adjoining portion, a crust of not more 
than an inch thick is scaling off, by which means the furrows are entirely obliterated. Hence it 
needs disintegration only to a very slight depth to destroy all traces of diluvial agency upon the 
rocks in place. Now there is no rock exposed to the atmosphere that does not disintegrate to 
some extent. If, therefore, this work had been performed at a period immensely remote, all vest
iges of it would have disappeared from the rocks, as they have done from those 111ost exposed, 
and most liable to decay. But I have often been surprized at the apparent freshness of these 
grooves; especially 'vhere protected by the soil. lt is true that when we reckon time by tens, 
or even hundreds of years, this argument is of little weight; because rocks, during such periods, 
may suffer but little perceptible change. But when we come to compare periods of thousands of 
years with one another, the change cannot but be manifest, and wefoel that it would not need the 
repetition of a very large number of such periods to bring us back to the diluvial epoch. Even 
though they should be multiplied ten, or twenty times> the epoch would still be recent in a 
geological sense. • 

The case in Dorchester, on the common near Dr. Harris' Meeting House, is a good example 
of the local deflection of the diluvial current by an obstacle. The rock here is graywaake con
glomerate, and in one place the surface bas a northern slope of about 20Q, and is moreover arch
ed so as to present a rounded slope on the east and west sides, forming in fact a surface like one 
half of a paraboloid. Hence the fairest opportunity presents itself of turning aside the current; 
and we find a deflection amounting perhaps to 10°. In general, howe~er, the grooves pass al
mostdirect1y north and soulh up the slope of 20Q; and lhe deflection is less than we might expect. 
Indeed, this is the case almost every where. Crossing as the diluvial current did, a very broken 
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country, nn<l making not a large anglt! with so many precipitous ridges, we can hardly see wl1y 

it should not be turned more out of its course than it was. I have met with but few cases where 
the deflection was as great as in the case described in Dorchest'!r. And I have often been amaz
ed to see these groo,·cs hold on their undeviating course over the roughest country. l cannot 
but infer from such facts that the current must have been very strong. And I also infer 
that at least a large part of the materials, by which these grooves and scratches were produced, 
moved along the surface, and not at the bottom of the waters. And yet, when I see vast ac
c.umulations of detritus just in those situations where the currents passing through defiles and 
'alleys would have dri\·en it along the boltom, I cannot doubt but much of it W3S thus removed. 

There is another fact, however, that shows still more conclusively that a great deal of the 
drift must have been borne upon the surface of the waters : and that is, the occurrence both of 
the grooves and the bowlders upon the top of ridges almost perpendicular on the side from which 
the waters flowed; and, therefore, these bowldcrs never could have been driven up these de
clivities by the horizontal force of water. I think any man, who will go to the tops of these 
mountains, where occur grooves, and often bowlders of great size, will be satisfied at once that 
water alone never could have accomplished the Sisyphean work of driving those bowlders up 
aliuost perpemlicular ledges, hundreds and even thousands of feet; although it be true that a 
Atone loses half its weight in water. The only question will be, whether the relative levels 
may not have been altered since the period of diluvial action. But careful examination will soon 
convince him that no such change has taken place, since bowlders are often accumulated at 
the foot of the present ridges, just as they would be, if that action were now to take place. The 
mind then will be driven to the other supposition, viz. that in some way or other, many of these 
bowlders must have been floated upon, or near the surface of the water. 

One other circumstance confirms this view. l refer lo the very considerable distance below the 
summit of the mountain, where the grooves commence on the northerly or westerly slope ; as 
is seen at many places on the Taconic range, on Mount Everett, on the hill between Peru and 
\ Vorthington, and very distinctly on the road from Worthington to Middlefield, in the west part 
of \>Vorthingtou. In some of these places they are first seen at least 200 or 300 feet below the 
summit; and the slope is at least from 10° to 30°. They extend directly towards the summit; 
or rather they hold on the usual course, whether it lead to the summit or not, with as much reg
ularity as if the surface were horizontal. Could detritus have been pushed up such a declivity 
by the current'! Are not the grooves rather to be imputed to the bowlders that were fastened 
to large icebergs, which, by the powerful current, were forced ov'er the summit? This solution 
is not indeed free from difficulties: but is there any more probable substitute. 

Some will perh:lps impute these scratches to mountain slides, or avalanches. But in that case 
the detritus ought to be found al the bottom of the hill; whereas it is carried over the bill: 
And besides, the groves ofi~n pass obliquely along the 3Jope of the hill; whereas an avalanche 
would always take the ne:lrest, that is, a direct route to the bottom. 

There is one other unique case mentioned in the table that deserves some 
notice. It is the only example of the kind with which I have ever met. On the 
cast side of Taunton river and the south side of Fall River, I believe just 
within the limits of Rhode lslancl, there lies a bowlcler of coarse graywacke 
conglomerate, nearly 50 feet in diameter, which was formerly covered by at 
least 10 feet of clilm'ial gravel, that has recently been removed, as well as a 
part of the bow Ider. Now this block must have come from the opposite side 
of Taunton rh·er, or from several miles north ; where alone a similar rock 
occurs in place. But after it had been transported to the spot which it now 



S94 Scientific Geology. 

occupies, it seems to have resisted all efforts to remove it farther south : 
either because it found the bank an obstruction, or the current was less vio
lent. At any rate, after it became planted, the detritus which was subse
quently forced over it, began to wear down its top, and to cover its abraded 
surface with diluvial scratches and furrows. The surface has been abraded 
several feet, and the marks remain quite distinct, running N. 2oa W. and S. 
20° E. Such inroads have been made upon this bowlder by the quarrymen, 
that I fear this curious example will soon disappear. 

Results as to the Direction of the Grooves. 

If we attempt to generalize the facts that have been given a~ to the di
rection of diluvial grooves and scratches in the state, we shall arrive at the 
following conclusions. Upon the Map which shows the strike of the strata, 
the varieties in the direction of the diluvial grooves are presented to the eye. 

1. In all the eastern part of the state, except the northern part of Essex 
County, the direction is about 15a W. of N. and E. of S. by the magnetic 
meridian, and a little over 20~ by the true meridian. 

2. In Essex County the course is nearly N. W. and S. E. by the compass, 
and about 8° farther from the true meridian. 

S. In all the central parts of the state, as far west as the west side of the 
valley of Connecticut river, the direction varies from the true meridian from 
8 to 13°, westerly at the north end, and easterly at the south end. One case 
is recorded in Royalston, where the course is N. 18° W. and S. 18° E. and 
another quite remarkable one in Petersham, running N. S8°W. and S. 
S8a S. I can assign no local cause for this deviation from the usual course. 
In Princeton an example is mentioned, where the course is not far from true 
north and south. But there the deflection is easily accounted for by the 
proximity of Wachusett mountain. Similar examples exist on Mount Holy
oke, where in fact the course is sometimes even N. a few degrees E. and S. 
a few degrees W. of the meridian. But here the deflection is evidently oc
casioned by the general direction of the valley; and yet it is changed only a 
few degrees from this cause. 

4. On the mountains of Berkshire county, the course is N. nearly 50° W. 
and S. 50"' E. of the true meridian. One case is recorded in Florida where 
the course differs only 12" from true east and west. On the other hand, sev
eral examples are given where the direction is but a few degrees divergent 
from the meridian; as in the north part of Rowe and Windsor, and upon 
the southwest part of Saddle Mountain, on the part called Bald Mountain, 
and in the Tunnel on its eastern part. In Mount Washington and on Mount 
Everett, the course is only N. 18a W. and S. 18a E. The cases on Saddle 
Mountain are easily explained by local causes of deflection; in other words, 
bythe effect of the central part of the ridge upon the diluvial current. But 
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the other cases are more difficult thus to dispose of. However, one cannot 
traverse the western part of this state and the eastern part of N. York, with
out being satisfied that the general course of the diluvial current over that 
region was nearly from N. W. to S. E. 

5. The most important enquiry suggested by the facts that have been stated, 
is, whether one general diluvial current might have produced all the grooves 
in Massachusetts, or whether we must suppose several cw-rents at different 
periods, running in different directions. I am rather inclined to the former 
opinion; though not confident of its correctness. My reasons are the follow
ing. 1. The grooves on our highest and most insulated mountains do not 
differ much in their direction; those for instance on Wachusett and Monad
noc running about 8° or 10° W. of N. and the same E. of S: and those on 
Mount Everett, and in other parts of Mount Washington, as well as upon 
Canaan Mountain and Mount Tom in Litchfield, Connecticut, running N. 
18° W. and S. 18° E. S. This may be owing to the fact that when the dilu
vial waters were the deepest, they were less deflected by the inequalities be
neath. 4. The direction of the current may have been different at the sur
face and at some depth beneath; where the inequalities of surface may have 
affected it. 5. The general uniformity of direction in particular districts of 
the state indicates some local cause of deflection. For had the grooves in 
these distl·icts been the resnltof diluvial action at different periods, we should 
expect the grooves produced at various times would be found in the same 
district. This is in fact somewhat the case in the western part of the state : 
But it must be recollected that this is the most broken part of the state, and 
therefore, most likely to deflect the current. 6. The diversity of direction 
is not perhaps greater than we might reasonably expect in so wide a current. 
7. If produced at different epochs, with much interval between them, we 
should expect that the different sets of grooves would exhibit marks of great
er or less antiquity. But I have never seen any such difference, where the 
surface had been equally protected, and the rock was the same. 8. It may 
be that the diluvhl waters poured over the surface in successive waves, 
and that these might not have been impelled in the same direction. Or those 
waters might have risen, and then subsided, and then have risen again. And 
I confess that without some such supposition, I know not how to explain all 
the appearances. 

Notwithstanding these arguments, when I come to enquire in respect to 
particular districts of Massachusetts, why the diluvial current there had a 
different direction from its course in another district, 1 am usually at a loss 
to assign anr adequate cause. \Vhy, for instance, was it se1'eral degrees 
different in Essex county from what it was in Bristol and "\Vorcester : and 
especially, why should it have rushed over the Taconic mountain in a direc
tion so much east of south 1 I do not see any cause in the topography of 
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the country. In the latter case certainly, I should have expected the deflec
tion to have been rather towards, than from the meridian. For these rea
sons I feel incompetent fully to solve the problem under consideration. 

It is difficult to reason correctly concerning the causes of diluvial agency in Massachuselts, without 

knowing something of the same agency in other regions of our country. But in this place it will 

he necessary only to state a few general facts, reserving the details for the last paL·t of my report. 

Suffice it to say, that the country, on a line from the eastern part of Nova Scotia, nearly to the 

Rocky Mountains, or as many as2000 miles, has been examined so far as to prove conclusively, 

that diluvial action, similar to that in Massachusetts, though not in all places so striki11g, ha~ 

taken place throughout the whole distance. In other words, a powerful current of water has passed 

over all this region from the north, or more accurately, from the northwest. On ihe eastern contin

ent a similar current has swept over the north part of Europe, at least from Netherlands to Mos

cow, or 1500 miles, in a southwesterly direction. 

A curious example, perhaps connected with diluvial agency, has just been brought under my 

notice (Sept. 1840,) by the excavations that are going on upon the Western Rail Road, in the 

south part of Middlefield. The road there passes through two ridges of hornblende slate, whose 

strata stands at right angles to the horizon. The most westerly ridge is not yet gone through, 

and the west end of the excavation has the appearance exhibited on Fig. 83. belO"\\'. The ... 

ledge is covered by 20 feet of diluvium. And for for 8 or I 0 feet below the top of the ledge, the 

solid rock appears to have been extensively fraclurtd by some heavy blow upon the surface of 

the rock, directed southerly. The effect has been to break the rock more or less, and produce 

fissures more or less horizontal, from one to five or six inches wide, as shown in the figure. These 

a.re now filled with san<l, ancl sometimes with regular layers of clay. The layers of rock, also, are 

bent southerly several degrees, just as they might be by a powerful shocl,c given them in that di

rection. The sand and clay have probably been infiltrated since the fissures were made. I know 

of no natural agency, except diluvial action, that could have produced such an effect. Yet I shall 

describe another case in a subsequent part of this report, where the top of a hill of slate is bent 

in a similar manner: but the direction does not correspond with that of the cliluvial current: 

and hence I have given the above case, not without suspicions that I may have referred it 
to the wrong agency Fig. 83. 
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Before enquiring into ihe ultimate causes of diluvial action, let us see 
what legitimate inferences we can draw from tbe phenomena as they have 
been detailed in this country, especially in Massachusetts. 

I. The highest part5 of New England, and in fact all the northern parts 
of our continent, have been swept over by a powerful current from the north
west to the southeast. I am not able to say whether the very summit of Gray
lock, the highest point in Massachusetts, shows the marks. of this current. Nor 
h~ve we yet had a report from the White Mountains, the highest point in New 
England. But many other points nearly as high, bear these marks most strik
ingly; and if we must still except these, we are sure that every other part of 
this region of hills and mountains has been overtopped by tbe diluvial waters. 
In Massachusetts we hai•e Mount Everett, not less than 2600 feet higb, and 
'Vachusett 3000 feet high, and in New Hampshire, l\Ionadnoc, :3250 feet high, 
all bearing marks of powerfol erosio~, and all of them standing as insulated 
peaks, hundreds of feet above the surrounding country; and in Maine, Dr. 
C. T. Jackson describes !\fount Ktaadn as showing diluvial action on its sum
mit, which is 5300 feet above the ocean. 

2. The diluvial waters must have been oceanic. 'Vhat other aqueous 
agency could have produced a current 2000 miles in width, I am unable 
to conceive. The present rivers that drain the surface, never could have 
left such an appearance: much less could their united waters have deluged 
our continent. Some geologists have, inde-d, attempted to explain diluvial 
phenomena, by supposing an immense inland sea to have once occupied the 
valley of the Mississippi, which is bounded on the east by the mountains of 
New England. (Mr. Hallin the Report of the N. York Geologists for 1839, 
p. 432.) They suppose one of the outlets of this sea to have been the val
ley of the Connecticut, whose head is not more than 1000 feet above the 
ocean, and that by this current the rocks of New England have been driven 
across Long Island Sound, and planted upon the Island. But admitting all 
this, which it would be easy to show erroneous, how will the drainage of this 
inland sea explain the powerful erosion of such mountains as Mount Everett, 
Saddle Mountain, Tom Ball, l\fonadnoc, "Vachusett, and Ktaadn? whose 
tops are some thousands of feet above the barrier of the Mississippi valley 
on its southeastern side? How will it explain the currents of water that 
have swept southeasterly over all New England, almost without reference to 
its valleys, and even over Nova Scotia? How will it explain the transporta
tion of the bowlders southerly from the primitive rocks of Canada, over the 
'Vestern States? It appears to me that we are fully warranted in regarding 
the waters that did all this as oceanic. 

3. There is no reason to suppose that the inequalities of surface, which 
now exist, were essentially different at the epoch of diluvial action. l\Iinor 

51 



398 &ienti.fic Geology. 

changes were, indeed, produced by that action, as well as by subsequent al
luvial agency. But the great outlines remain unchanged. For we find the 
bowlders to have been obstructed, just as they would have been, if the pres
ent mountains then existed : and in some cases the current was deflected as 
it would be now. But the fact that has struck me as most decisive on this 
point, is this: Where large surfaces-often several square rods, and some
times many acres-are smoothed and scratched, I have never seen any evi
dence of a change in the relative levels of different portions of that surface. 
Now as numerous fissures cross the surface thus smoothed, if there had been 
any local elevation in the vicinity, it is incredible that there should not have 
been some elevation or depression of such surfaces, so that one part should 
rise above other parts. But I have never seen any such inequality of the 
smoothed surface, even to the amount of half an inch, except what has been 
produced by alluvial agency: In short, all such surfaces appear as if they 
had remained unaffected by any vertical movements since the period of di
luvial action, unless that movement affected the whole country alike; that is, 
unless the continent was raised up, or sunk down, as a whole. In like man
ner, if local vertical movements had succeeded diluvialaction, those elevations 
of gravel and sand, so common in New England, must in some instances have 
been disturbed. But there is a freshness about them that is remarkable. 
They still retain the marks of the gyrations of the last wave or current that 
passed over them. 

4. Diluvial action in New England appears not to have taken place till 
the continent had been raised nearly to its present height above the ocean. 
The counter supposition is, that it took place when the present surface form
ed the bed of the ocean, or was gTadually rising above it. Now that this 
cannot have been the case, I argue in the following manner. 

No rocks in l\Iassachusetts, or rny other part of the United States, except 
alluvium, lie above the diluvial deposit. Consequently diluvial action took 
place after all others had been formed. Of the fossiliferous rocks we have in 
:Massachusetts the graywacke of the eastern part of the state, with anthra
cite coal and coal plants; the red sandstone of Connecticut river, containing 
plants, some of which appear to be dicotyledonous ; and the plastic clay of 
l\Iartha's Vineyard, which I have referred to the eocene tertiary : and which 
no one certainly will consider older than the cretaceous group. That dry land 
existed in the vicinity, when all these rocks were in the process of deposi
tion, is certain from the fact, that they contain the remains of land plants. 
That this dry land must have been the primary region surrounding the 
secondary deposits, and at present rising from 1000 to 3000 feet above them, 
can admit of no doubt. If, therefore, this action did not take place till the 
fossiliferous rocks were deposited, and then affected only those rocks at the 
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bottom of the ocean, we ought to find no traces of it upon our primary 
mountains, which were already above the waters. But further, it did not 
take place till all the secondary and tertiary rocks above named were tilted 
up, so as to have their present dip. And that this tilting process was syn
chronous with the elevation of the deposits to their present levels above the 
waters, it seems hardly possible to doubt. Hence we have strong reason to 
believe that all these rocks were above the ocean before experiencing diluvi
al action. 

It will be said that the time was, when all this continent was beneath the 
ocean ; and that then what I call diluvial action took place upon the primary 
mountains; and as the land rose and new formations were deposited, this 
agency acted upon the whole surface before it rose, or while rising, above the 
waters. This is, indeed, a simple and intelligible view of the subject; and 
I have often tried to reconcile it with the facts. But the following consider
ations have proved too refractory. 

1. On this supposition diluvial action took place upon the primary ridges 
before the secondary and tertiary formations were deposited : and upon the 
latter not until they were consolidated. Consequently, in the opinion of 
every geologist, (and to such only do I address this argument,) an immense 
period, to be estimated only by tens and hundreds of thousands of years, 
intervened between the period of this action upon the oldest primary and 
newest secondary or tertiary strata. But the grooves and scratches appear 
no more fresh upon the latter than upon the former. Yet if made hundreds, 
or even tens of thousands of years earlier upon one than upon the other, is it 
credible that they should not have been wholly obliterated upon the oldest; 
especially when we recollect that a disintegration to the depth of an inch or 

· two, would usually effect this obliteration. 
2. According to this hypothesis, the diluvial abrasion of the rocks must have 

taken place before the strata had been thrown into their present inclined 
position. For it was that tilting up which raised them above the waters; 
or rather, that was sufficient to raise them; and, therefore, we ought not to 
call in other agencies to account for their elevation, according to a well known 
law of philosophizing. Or, if we might suppose the primary strata partially 
tilted up before they were subject to diluvial action, this cuuld not have been the 
case with the fossiliferous strata, which were not deposited till aner that action 
had begun to be exerted upon the primary strata according to this theory. Now 
I have already attempted to show, that the relative levels and general outlines 
of the surface have not essentially changed since the period of diluvial action. 
Certain I am, that no one, who will make himself familiar with these phe
nomena in New England, can believe, that since that time our different moun-
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tain ridges have been successively lillecl, several thousand, or even several 
hundred feet, from the ocean. 

S. But waiving the preceding difficulties, and supposing the continent be
neath the ocean, we know of no currents iu our existing mas of sufficient ve
locity and power to produce a moiety of the effects which the <liluvial currents 
have produced. The present currents could, indeed, transport icebergs loaded 
with bowlders and pebbles, at the rate of S or 4 miles per hour, and along some 
narrow friths, at the rate of IO or 12 miles per hour; and these bowlders 
might be dropped from time to time along the bottom. But this is a very 
different thing from urging over that bottom such a mass of detritus, and with 
such violence, as to wear down the surface, and score it over so deeply as we 
find to have been done upon our rocks. But it may be said, that the break
ers upon an exposed shore might have accomplisheLl the work. They might 
have worn away the rocks: but they could not have produced those parallel 
and continuous grooves and scratches, which the more exposed surface of 
New England every where presents, and which hold on their course oblique
ly across those lofty ridges, which must have formed the shores of the ocean, 
as the continent gradually ro e from the 'rnters. The diluvial phenome
na of our country indicate a current that swept over the entire surface, aud 
not waves breaking against cliffs and rolling back. The latter produce very 
few effects at all analogous to the former. But more of this farther on. 

In support of the general position, that before diluvial action took place, 
this continent had been elevated nearly to its present height above the ocean, 
I have one more syllogism to offer. That our lofty primary ridge> must have 
been elevated so as to form dry land before the deposition of the fossiliferous 
strata, (graywacke, new reel sandstone, cretaceous rocks, &c.) is certain; as 
already shown from the fact that these strata contain land plants. But that the 
same cliluvial current that swept over the fossiliferous rocks went over the pri
mary ridges, is also certain from the fact that bowlders of the former are strew
ed over the highest parts of the latter. For instance, bowlders of graywacke 
from New York, are found upon the highest parts of the Taconic and IIoosac 
l\Iountains: the sandstone of the Connecticut valley is occasionally found 
upon the primary rocks on its eastem borders: the graywacke of the eastern 
part of Massachusetts is strewed over all the primary ranges of that region : 
and bowlclers of graywacke, according to Dr. Jackson, are found near the 
summit of l\Iount Ktaadn in Maine, more than 5000 feet high. Now either 
our primary ranges must have sunk down beneath the waters of the ocean, 
after having been for a long time several thousand feet above them, or the 
diluvial waters must have risen above them after their elevation. The former 
supposition will hardly be admitted by any geologist ; and therefore, we are 
compelled to adopt the latter. 
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5. It is difficult to explain all the phenomena of diluvial action on this 
continent, without calling in the aid of icebergs, or some other agent, by 
which masses of rock could be floated along the surface of the waters; yet 
after all, those icebergs will explain but a small part of the effects of this action. 
I cannot conceive of any other way,except by icebergs, by which those bowl
ders, found many miles from their native beds, and perched upon high and 
almost perpendicular ridges, or dropped in the midst of sandy plains, could 
have been transported. But to suppose that the great mass of sand, gravel, 
and blocks, composing diluvium, could have been borne along by icebergs, 
is an hypothesis which any man would abandon as soon as he should exam
ine that deposit, and see its amount. Then again, he would find that usually 
the largest and most numerous bowlders lie nearest to the rock from which 
they have been detached; and that the train decreases in size and number 
as we proceed southeasterly, except the few straggling bowlders already al
luded to. Now I cannot conceive that an iceberg, lifted up by the waters 
from a particular spot, with bowlders frozen into its lower parts, should begin 
to let those bowlders fall out within a few rods from the place where it start
ed. I should expect that in general they would not begin to fall, till the ice
berg began to melt. In shott, the great mass of diluvium appears as if driv
en pell mell along the surface by violent currents ; and so does the surface 
over which it has been urged, whenever it can be examined. It is difficult, 
therefore, to explain some of the phenomena of our diluvium without ice
bergs ; but still moi·e difficult thus to explain the whole. 

6. The phenomena of diluvial action in this country far transcend the 
effects of any agencies now operating, without admitting a great increase of 
intensity in their action. So much has been said of late years, and so ably, 
respecting the sufficiency of the present operations of nature to explain all 
past phenomena, that one cannot but feel a diffidence in resorting to extra
ordinary agencies in past times. But in vain have I searched for any agen
cy now at work, that produces effects at all comparable to the effects of dilu
vial action. The statements of Professor John Phillips, one of the ablest 
living geological writers, concerning diluvial action generally, is eminently 
applicable to that portion of it that has fallen under my notice, in America. 
"Such effects," says he, "are not at this day in progress ; nor, in general, can 
we conceive the possibility of their being produced by the operation of ex
isting agencies, operating with their present intensities, or in their present 
directions." ('Jlreatise on Geology, Vol. l p. 296.) I have frequently ex
amined the rocky shores of the ocean, and the beds of rivers where they 
form cataracts, or force their way through narrow defiles and gorges, to as
certain whether the effects of the powerful currents and waves of the present 
time are comparable to those of diluvial action: and I have always been 
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struck with the vastly greater force of the latter. On exposed shores, and 
at the bottom of gorges and cataracts, we do, indeed, find the rocks worn 
away; but their surfaces are usually smooth, and almost wanting in those 
deep and extended grooves and scratches, which are the result of diluvial 
action. Deep gorges do, indeed, show the process of extensive excavations. 
But this work is generally not so much the effect of direct erosion, 
as of the expansion of water in the fissures of rocks, by freezing ; in conse
quence of which, large blocks are gradually lifted up, while the stream wears 
off their angles, and at length has force enough to move them from thefr 
beds, as well formed bowlders. In this and other modes of an analogous kind, 
I presume the largest part of bowlders have been formed, or got ready to 
be driven southerly by diluvial currents. But one sees at once that the two 
agencies have operated in a very different manner. While the excavations 
of gorges and the wearing away of the sea coast, have been the combined 
and slow result of disintegration and moderate erosion, diluvial phenomena 
seem to have been the direct result of mighty currents of water, loaded 
with detritus, and rushing over the surface with such violence as to wear 
down the rocks much more p~werfully and rapidly: a violence that did not 
permit the detritus to find its way around obstacles, but forced it directly over 
them in a manner altogether different from the comparatively puny action 
of water at the present clay. But after all, it is impossible so to present this 
subject as to make one feel it, who is not extensively familiar with diluvial 
phenomena. 

7. The facts that have been presented respecting diluvial action, furnish 
a probable reason why the diluvium of this country is so destitute of organic 
remains. In New England I scarcely know of any of these remains, ex
cept perhaps a single example of bones of the mastodon found in Sharon, 
Berlin, and Cheshire in Connecticut; and a few shells in some of the cliluvial 
clays in Maine: and not improbably in both these instances the deposits may 
have been alluvial. The same may be said of all the instances of organic 
remains in the diluvium of this country. Its almost entire want of these, 
so far as discoveries have yet been made, is a well known fact. And if the di
luvial waters were poured down from the arctic regions, loaded with ice, we 
see the reason of it. Animals did not live in such waters; and we ought to 
expect to find in them only those animals which were then the inhabitants of 
this continent, and were destroyed by the diluvial waters. Whether the 
mastodon and other extinct races discovered in this country were then destroy
ed, or subsequently, does not seem to be well determined. Even the more 
quiet period that succeeded the early periods of cliluvial action, seem to 
have been almost destitute of organic existence. Hence it is, that the blue 
clay of New England contains almost no relics of animals or plants. 
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It will be seen that in the preceding inferences I have not attempted to 
form any general theory of diluvial action, but only to state the more impor
tant imlependant conclusions to which the facts, with more or less of proba
bility, conduct us. Let us now see whether these facts will sustain any of 
those numerous diluvial theories that have been proposed in recent times by 
ingenious men. I may pass by the hypothesis to which some have clung 
even in our own times, which imputes diluvial action to the shock of a com
et; since it seems now quite certain that these bodies are in general compos
ed of matter thinner and lighter than air. 

Another theory, which has long been a favorite one, imputes diluvial ac
tion to the deluge of Noah. The freshness and apparent recency of the 
effects of this action and its apparent universality, give at first view a strong 
probability to this supposition, if we understand the language of scripture in 
its most literal sense. But many distinguished biblical writers regard the 
description of the Noachian deluge as an example of the use of universal terms 
with a limite<l meaning, and hence regard that deluge as not universal over 
the globe, but only over the region inhabited by man. Again, if the diluvial 
action of geology resulted from the deluge of Noah, why are the organic re
mains found in diluvium mostly of extinct animals? an<l why is not man 
among the number? Finally, the diluvial action of geology must have oc
cupied a much longer period than the 150 days, or at longest, the year, of 
the Noachian deluge. It is difficult, if not impossible, to make any one feel 
the force of this objection, who is not familiar with diluvial phenomena. But 
he who has seen where the hardest rocks hal'e been worn away many feet at 
least, and probably sometimes many hun<lre<l feet, by diluvial action, cannot 
but see that many years must have been requ ired for the work, even though 
the waters were driven over the surface with the greatest violence. 

These objections, are very conclusive against this hypothesis. As bearing 
upon the veracity of the sacred historian, however, this question I conceive 
can have little or no importance, since it does not prove the non·occurrence 
of the Noachian deluge, even though no traces be now remaining upon the 
earth's surface of that event. 

A theory has lately been started to explain diluvial phenomena, founded 
on the action of glaciers in the Alps. Though not originally proposed, it has 
been chieily elucidated and defended by the distinguished naturalist, Agassiz, 
of :Neuchatel in Switzerland. That it may explain the movements of detri
tus in the Alps, which for the most part appears to have been carried out
ward from the axis of the mountain, I am not disposed to deny: and of course 
it would explain equally well all similar cases where slopes exist, down which 
glaciers may have descended. But I am unable to see how this agency could 
have transported detritus in a southerly direction several hundred miles, nver 
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nearly all the most elevated ridges of this country, almost without reference 
to the direction of those ridges, and even have driven it upward along slopes 
considerably inclined, as appears to have been done on the western side of New 
England. Nor does it give any reason for the immense accumulation of 
sand, pebbles and bowlders, piled up in a fantastic manner, at great distances 
from any existing mountains, as in Plymouth and Barnstable counties. In 
the case of the Alps, it is supposed that the ridges have been considerably 
elevated since diluvial agency commenced ; and this vertical movement 
would tend to scatter the detritus over a wider space. But we have no evi
dence that any of the higher ridges of this country have been raised sensibly 
so recently. Certainly there is no chain of mountains on this continent whose 
elevation would send bowlders and gravel southeasterly over hundreds of 
miles. Even though the valleys were filled by ice, yet where is the force to 
be found to urge the detritus so far in that direction. I confess I have as 
yet seen only a very brief and evidently imperfect developement of this the
ory, in one or two short notices in the scientific journals. But as I under
stand it, it seems to me inadequate to explain the tout ensemble of diluvial 
phenomena. 

Another theory of diluvial action supposes it to be merely ancient alluvial 
action. Its advocates suppose that the same causes of change, which are now 
in operation on the globe, have always operated as they do at present with 
no more variation of intensity than they now exhibit. Diluvial action they 
suppose to have resulted partly from ancient rivers, which at some remote 
period may be supposed to have flowed at any elevation, and subsequently to 
have lowered their beds to their present levels. Another cause may have 
been the bursting of lakes: another, landslips: another, the action of break
ers upon the coast, as the continents gradually emerged from the ocean: an
other, the tides and currents of the ocean : another, icebergs, such as now 
float from arctic regions and drop bowlders and sand along their track: so that 
when the bottom of the ocean was afterwards raised ubove the waters, the 
surface would be strewed over with detritus, as we now find it. 

ff I have not entirely mistaken the phenomena of diluvial action in this 
country, especially in New England, it will be exceedingly difficult to recon
cile them to this hypothesis. The difficulties are numerous. In the first 
place, neither rivers, nor the bursting of lakes, nor breakers upon the coast, 
although they may prepare bowlders to be transported, will account for a 
current from 1500 to 2000 miles '~ide, which has swept southerly over this 
continent: Nor could they produce those grooves and scratches which are 
so common and uniform in their direction in New England. In the second 
place, as I have attempted to show in another place, the relative levels of the 
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surface have not very essentially altered since the period of diluvial 
action; as they must have been by this theory. In the third place, oce
anic currents have not sufficient rnlocity to transport any thing coarser than 
sand along the bottom, and therefore diluvial grooves and scratches could 
not have been thus produced. In the fourth place, although icebergs might 
have transported some bowlders, they could not have conveyed the great mass 
of diluvial detritus into its present situation. Finally, diluvial action, as I 
have attempted to show, did not take place till this continent had attained 
nearly its present elevation above the ocean. · 

Nearly the same difficulties encumber another theory, which imputes dilu
vial action to the retiring waters of the ocean, as chains of mountains were 
suddenly thrown up. If the continent was already above the ocean when it 
took place, this would be impossible. Or if it were not, as it rose, the waters 
would rush each way from the central axis: but in fact they moved only in a 
southerly direction. Again, the direction of the current was not at right 
angles to any system of elevation in this country with which we are ac
quainted: And finally, the effects vastly transcend the alledged cause. 

The only remaining theory deserving notice, supposes that an extensive 
elevation of the bottom of the Arctic Ocean threw its waters, loaded with 
ice and detritus, southerly over the American and also the Eastern Conti
nent. It supposes that theremay have been a succession of elevatory mo,·e
ments, producing successive waves, so that the waters may have risen and 
fallen, and during their ebb, they may have frozen to the surface; so that 

-upon rising again new loads of detritus may have been lifted up, and driven 
onwards, and even up somewhat steep declivities, scouring and abrading the 
surface. 

This theory certainly quadrates better than any other with the diluvial 
phenomena of this country. Still it is very difficult to conceive how an 
oceanic current, however violent at its commencement, should have sufficient 
force, after passing southerly from the arctic region to the 45th, or even the 
40th, degree of north latitude, to accomplish what the diluvial current has 
accomplishccl in this country. And at the longest, such an upheaving of the 
arctic ocean as is here supposed, judging from analogous movements in mod
ern times, could not have occupied more than two or three years. But one 
cannot become familiar with diluvial phenomena without feeling a conviction 
that a much longer periocl must have been occupied in this work ; although 
compared with many other geological periods it was short. 

To my mind, therefore, no theory of diluvial action hitherto proposed, is 
so free from objections that I feel satisfied with it. That remarkable and 
very powerful currents of wate1· have swept over this continent from the 
north and northwest, I cannot doubt. That this took place at a compara-

52 



406 Scientific Geology. 

tively recent period, and probably since the continent assumed its present 
levels, and reached essentially its present height above the ocean, and that no 
existing agency, without a great increase of intensity, could have accomplish
ed the work, seem to me almost equally certain. But I <lo not feel prepared 
to propose any regular theory of this agency in which I place much confi
dence. Yet the subject is one of the deepest interest, and the facts are 
fast accumulating concerning it ; so that erelong I doubt not every theoretical 
difficulty will vanish. 

Concretions in Diluvial Clay. 

In the clay beds of New England, which I have described as diluvial, two 
distinct and peculiar varieties of concretion occur, which deserve a particu
lar description. One of them is composed of carbonate of lime and clay, 
and the other of hydrate of iron and clay. Though familiar with the former 
from my earliest days, under the name of clays/ones, as is every boy brought 
up on the banks of Connecticut river, yet it is only since my last report to 
the Government that my attention has been particularly turned to the 
subject. They are, indeed, described briefly in my Report of 1835: as 
are also the other variety produced by the hydrate of iron ; the latter I then 
regarded as organic remains. Thi~ opinion, upon the whole, I think must 
be given up : though the resemblance to organic remains is strong. The 
claystones are almost universally referred by the community to the action of 
water upon indurated clay. And since they are always rounded and gener
ally found in the beds of streams, this is a very natural, though an entirely 
erroneous conclusion. They are undoubtedly concretions, formed by laws 
somewhat analogous to those of crystalization ; probably while the clay was 
in a soft state, by the action of water. 

I freely confess, however, that so far as my means of information extend, 
the subject of concretions is involved in great obscurity. That they are form
ed by segregation, in consequence of elective affinity, seems to be generally 
admitted. But why the particles should arrange themselves in curves, rather 
than in straight laminre, it seems difficult to determine: and we are quite ig
norant whether any of the laws of crystalography will apply to the formation 
of concretions. Prof. Alexander Brong:niart has, indeed, given the world a 
valuable paper on siliceous concretions. ( .B.nnales des Sciences J\l'aturelles, 
Tome Vtngt-Troisieme, p. 166.) And he has rendered it probable that silica 
takes the form of a concretion when in a gelatinous state, and of a crystal 
when in a state of solution. But this gives us not even a glimpse of the law~ 
that regulate the arrangement of the particles: nor explains the reason why 
they should assume one form when in a gelatinous condition, and another 
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when in a state of solution. Nor will the case which he has described afford 
much assistance as to the concretions under consideration; first, because in 
these the silica could not have been in a gelatinous state when they were 
formed; and secondly, because the particles in the most important variety, the 
claystoues, are not arranged in concentric coats, as they are in most siliceous 
and in many calcareous and ferruginous concretions. H. T. De la Beche, in 
his Theoretical Geology, (Chap. V.) does, indeed, describe silico-calcareous 
concretions in the mechanical rocks of England, very similar to our clay
stones: and he has satisfactorily shown how the particles might have been 
aggregated together by affinity: but not why the mass has a rounded in
stead of a polyhedral form. The siliceous limestone of Fontainbleau con
tains more sand than the claystones of Mas~achusetts: and yet its crystalline 
form is preserved. Why is it not preserved in the these claystones ~ Dr. 
Fitton, in his able "Observations on the strata between the Chalk and Ox
ford Oolite in the south east of England," has made the important suggestion 
on the subject of concretions, that they may depend partly upon electrical 
agencies for their production : (p. 121.) But perhaps theoretical considera
tions should be deferred till I have described the concretions of Massachu
setts. I indulge a feeble hope, that such a description will throw a gleam of 
light upon this difficult subject: not enough, indeed, to disclose the laws of 
concretionary structure ; but enough to prove more clearly than has been 
done, that there are such laws, as definite and ·fixed, probably, as in crystal
ization: and that by further research they may be discovered.* 

Claystones. 

l shall first mention the localities and situation of the claystones of Massachusetts. 

They are more abundant in the valley of Connecticut river, than in any other part of the state. 

In general they are found beneath the waters of the river, where the bank consists of fine blue 

•Although the stall'ments given in the text show us that concretions similar to our claystones are not un

frE'quenl in Europe, yet uome facts, that have recently come to my knowledge, have led me to doubt wheth

er their nature is not even yet misunderstood by aome of the lea.med naturalists of that quarter of the 

globe. Among specimens recently received from an able English geologist, was one from the Kimmeridge 

Clay, a little larger than the Spanish dollar, and of the same shape, which differs from specimens of clay

etones in Massachusetts only in containing less of calcareous, and more of carbonaceous malter1 but not in 

its artificial appearance, which to be sure is striking. This specimen was thus labeled: u Kimmeridge Coal 

Money, (use and age unknown,) found abundantly in the Kimmeridge Clay, Dorset Coast.-Supposcd 

turned in a lo.the and ancienlly used as money." Still more recently I ha\.·e received from a distinguished 

Prussian mineralogist, Mr. Frederick Tamnau Jr.of Berlin 1 not less than 20 specimens of concretions, from 

Nykoping in Sweden; which are prl'cisely like the clayslones of Massacbusells. They are denominated 

in Sweden M<,lrya.ka; {\Dd Mr. Tnmnnu adds;" the S\vedisb scientific men beliPVe them to be something of 

organic remains :-some sort of mollusca, which were more or less wrapped iu a mantle. I am not of tho 

same opinion. ] believe them calcareous concrelions, like those you sent me. It is remarkable that they 

are found in a. little bed of clay in the midst of primitive rocks." The specimens which I sent, alluded to 

above, were claystonee from Masso.chusl?tts and Connecticut. 
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diluvial clay, in horizontal layers, about half an inch thick. Sometimes lhe water has removed 

~hem several rods; but rarely far enough to wear them much. The most abundant locality, is 

in Hadley, on the east side of Connecticut river, half a mile south of the village. Jn South 
Hadley (or perhaps within the limits of Springfield,) they occur half a mile south of the village, 
at the Canal, in a clay bank by the roadside, some 50 feet above the river. In West Springfield 

they are found at the mouth of Agawam river; and a1so a mile up the stream, near the bridge 
~ading to Suffield. Jn Amherst they are washed from a bed of clay at some distance from any 
etream. In Deerfield, they occur on the bank of Connecticut river, a few rods north of Sunder
land Bridge. In Montague, they are seen at low water on the east bank of Connecticut river, 
in a clay bed, which underlies a meadow. Specimens will be found also in the Stale collection 
from Windsor and Wethersfield in Connecticut : where they are common in the clay be<ls, and 
differ from those in Massachusetts only in having the reddish tinge which is there common in 

the clay. Although I have seen imperfect claystones from the vicinity of Boston, and have 

heard of them in other parts of the State, yet I have met with good specimens out of the valley 
of the Connecticut, only in North Adams, where they are common in a clay bed which has 
been excavated for making brick. Along Hudson river they are quite common: and I have met 
with them at the slide on Presumpscut river near Portland in Maine. Indeed, they are found 
in nearly every part of our country, where diluvial clay exists. 

At most of the localities in Massachusetts that have here been described, thousands of speci
mens can be obtained. 

Chemical Composition. 

The following analyses of these bodies, although not carried as far as they 
might have been, will afford probably nearly all the requisite information as 
to their composition, except perhaps in one or two respects. 

J~~ 
"'O~ ~ 

]~ 
~.z 

!fi ~~: 
~ f ~-~ ~ l :z: CJ 

Carbonate of Lime, 48.4 42.1 56.6 49.9 53.6 
Carbonate of.Magnesia, 3.3 3.8 1.2 
Silica, Alumina, lron,&c. 51.6 49.6 43.4 452 
Iron, and Organic Matter, l No {,.17.il o.4 

{ tr~a~. trial. 
Iron, Phosph.oflime,and Org .Mat. Do. J.G Do. Do. 
Water. Do. 3.4 Do. 2.G Do. 

100. IOU. JOO. 
Specific Gravity 1 2.68 2.(;0 

The ~wo ~ollowjng specimens were obtajned from Nykoping in Sweden, 
as described m a note on page 407. 

CarbonaleofLime1 

CarbonateofMagnesia, 

Silica,Alumina,Iron,1..~. 

Jron, Organic Matter, &c. 
Water. 

1st Specimen. 
60.33 

35.'JO 

1.80 
2.67 

100. 

2d Spt'cimen. 

Gl.26 
1.40 

32.20 
1.70 
3.44 

100. 
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The process which leads me to suppose the presence of organic matter, was the following: 

The solution of the c1aystone in nitric acid, being evaporated to dryness, and hot water added, 
a dark coloured mass remained undissolved: which, on drying, took fire and burnt like powder

ed charcoal: although thorough ignition could not reduce the mass in weight more than one 
fifth. I cannot conceive what else besides carbonaceous matter, could have conducted in this 

manner. And yet the claystone in powder, thoroughly ignited, did not turn black at all, or show 
any tendency to inflammation. Hence, if carbon existed in it, it must have been in such a state 
of combination, that the decomposing power of acid was necessary to bring it to light. Upon 

the whole, I infer the presence of a small quantity of organic matter in these claystones ; al
though in the specimen analyzed from Deerfield, it was scarcely perceptible. In that from 
West Springfield, it was much more obvious. 

It may be, that this fact was one of the reasons that has led scientific men in Sweden, (as 
mentioned in a note on p. 407,) to regard claystones as petrifactions. The fact does certainly 
favor that opinion. On the other hand, the facts which I have to mention respecting their forms, 
render it almost certain that they must be concretions. That a solid animal once occupied the 
place of the claystone, that is, an animal with a skeleton, or a shell, cannot be maintained; be
cause every vestige of such solid parts has disappeared. And even if we admit that the remains 
of some soft or gelatinous animal did form the nucleus of the claystone ; yet the particles ap
pear to have been brought together by molecular attraction: and did not assume the form of 
the animal but that of concretions. It may be that organic matter was necessary to determine 

the concreting particles to particular centers. But I regret that I must leave this parl of the 
subject with only n glimpse of light, as it was only by stopping the press, (Nov. 1840,) that I 
have been able to make the few analytical trials that have been detailed. 

Another important inquiry is, whether these claystones form a definite 
compound of carbonate of lime an<l clay. The preceding results will hardly 
justify us in maintaining the affirmative. I incline to the opinion, that they 
consist simply of a portion of that clay in which they are enveloped, that is 
cemented by infiltrated carbonate of lime and magnesia. The particles ot 
clay do not appear to have changed their place at all: And of course, the 
quantity of lime and magnesia introduced, would depend upon the quantity 
and state of the menstruum, and of the lime and magnesia. If this be a cor
rect view, the claystones are analogous in their mode of formation to mor
tars. But as certain proportions of the ingredients form the hardest and 
most perfect mortars,.so probably it is in the claystones: and I doubt not but 
extensive analyses might discover these proportions. 

Physical Characters. 

The hardness of these concretions when freshly broken, is little less than that of common 

nrgillaceous limestone. On their exposed surfaces they are usuaily softer, either from partinl 
disintegration, or from an excess of clay. V{hen broken, the concretion appears compact and 

perfectly homogeneous throughout. In no case have I discovered a concentric, or oolitic struc
ture: nor did the application of strong heat deYelope it; although such heat usually splits tho 

mass asunder into irregular fragments. In some cases, especially' where the concretions arc 

considerably thick, the surfo.ce1 after long exposure to atmospheric and aqµeouR agencies, shows 
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a laminar arrangement of the particles, corresponding Lo the laminre of the clay in which they 
are imbedded: but they will not divide in that direction with much more facility Lhnn in any 
other In a very few cases I have met with a pebble, or a congeries of coarse sand, near the 
center of the clayslone, which appeared to have been the nucleus around which the particles 
collected : but in ninrty-nine cases out of a hundr~d, no such nucleus can be discovered : al
though it is undoubtedly true, that there must have been something to determine the particles 
to a particular center. In no case in Massachusetts have I seen any organic relic at the center, 
nor indeed any where in the clay beds. But in Maine, small shells do sometimes occur in the 
concretion: yet they did not appear to me to form a nucleus, but to be rather accidentally eri

veloped by the aggregation of the matter around them. In like manner, I have sometimes met 
with large pebbles, partly coated over with a claystone : but not properly constituting the nu
cleus. 

But though on breaking these concretions no marks of a laminar arrangement appear, yet the 
surface, in a majority of instances, shows that the accretion took place by successive deposits. 
This is particularly obvious in the flat varieties j where the matter was added by successive 
rings; ~ome of which are fuller than others. An inspection of Plates 15, 16, and 17, will fur
nish abundant examples. Yet if any of the specimens there figured were broken through, no 
appearance of separation could be found between the successive layers of matter. 

As to color, these concretions almost always take that of the clay in which they are found: 
and this is usually a light gray, or reddish. In a few instances different parts of the same con
cretion have different colors, because somewhat different in composition: and in such cases the 
two kinds of matter appear lo have been under the influence of two centers of attraction 
and the concretions are less firmly united to each other than where no difference exists in the 
matter. 

In general the concretions have a thickness less than a single distinct layer of the clay: 
which rarely exceeds half an inch. Sometimes the layers are a good deal thicker: and some
times, a1so, I apprehend that the concretion may have extended into more than a single layer. 
The horizontal extent of the concretion is often quite large, while its vertical range is very 
small : and I have no doubt but this fact has had great influence in modifying the forms which 
the claystones have assumed. It will give a good idea of the manner in which they are arrang
ed in the clay, and probably too, an accurate notion of the manner in which they were formE:d, 
lo suppose the matter of which they are composed to have been originally disseminated equally 
through a thin stratum of day, and to have been subsequently aggregated around different cen-
ters of influence. -

Form. 

We now come to a part of this subject the most interesting and yet most 
difficult. When examining the forms of these concretions from different lo
calities, I have often felt as if I could almost reach the great principle of 
their formation. I feel as if I stood on the brink of interesting discoveries ; 
and often regret that I must bring out my descriptions in so crude a state; 
when perhaps longer reflection, and specimens from a wider range, might 
unravel all the mystery. As it is, all I can hope to do, is to render it prob
able that these concretions are formed by laws as certain as those which reg
ulate crystalization : and that in fact, there is a strong analogy between 
the two processes. 
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One cannot examine these coi:cretions from different localities, without 
perceiving that they affect certain forms; which may be called the predomi
nant forms. We find, it is true, numerous intermediate forms: But then, in 
the midst of all the variety, the tendency to these predominant forms is ob
vious; and there would seem often to have been a struggle among them for 
the mastery: so that not unfrequently we perceive in the same concretion, 
at least two distinct forms, somewhat modified by mutual influence. I shall 
not attempt to state how many of these predominant forms exist in nature. 
But in the specimens that have fallen under my notice, I think I can recog
nize t~e six following: though nearly all of them might be regarded as mod
ifications of the first. 

!. The Sphere. 
2. Oblate Spheroid. 
3. Prolate Spheroid. 
4. Annulated. 
5. Lenticular. 
6. Cylindrical. 

I. The Sphere. This is the form which we should suppose the particles of matter would as
sume, when suffered to concrete around a center of influence, with nothing to disturb their free 
movement towards that center. But as we have reason to suppose that only a thin stratum of 
clay would at any one time be in a state sufficiently fluid to allow of such a movement, either 
the spheres would be small, or other forms, would result. \i\re accordingly find that the perfect 
sphere is one of the most unusual of the forms above named: and I have rarely seen it more th•m 
half an inch in diameter. More usually the specimens are not larger than small shot, and often as 
small as the head of a pin. Frequenlly the surJ'ace of a fl.al claystone is thickly studded with 
these small spheres, so thal they run into one another; and sometimes they shoot out in irregu
lar masses from lhe surface, so as to become botryoidal. The best locality of this variety of 
form is in South Hadley, a little south of the Canal Village. Plate 16, Fig. 25, is an example. 
At the slide on Presumpscut river, near Portland, in Maine, I have noticed the large detached 
spheres. 

2. Oblate Spheroid. In all our reasoning concerning the formation of concretions in clay, which 
is a mechanical deposit, we ought to suppose the particles to be only in a plastic, not in a fluid 
state; and although the carbonate of lime was probably in a ~tate of sot .. tion, yet the par
ticles of sand would obstruct the movement of the fluid towards particular centers ; and there
fore, counteract the natural tendency of the limestone to assume a certain form. Suppose then 
a perfect sphere begins to form in a thin layer of clay. Here the matter to be concreted has a 
great horizontal, but a !!mall vertical extent. Consequently, the accretions in a horizontal di
rection will be more rapi<l than in a vertical direction; both because the matter is more abundant 
in the former than in the latter, and because it meets with greater obstruction in passing to the 
latter. The result will be an oblate spheroid, whose shorter axis is perpendicular to the stratum 
in which il is formed. In the localities which l ha,•e examined, perfect oblate spheroids are un
usual. I have seen them at the mouth of Agawam river, at Hadley, and at Deerfield. Jn many 
cases one half of the spheroid is exhibited, while the other half is almost flattened into a plane: 
a circumstance that may be explained, by supposing the lower part of the stratum of clay to bo 
in a state more favorable to the accretion of the particles of carbonate of lime thaq the uppef 
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part; so as to cause the most rapid accumulation around the lower part of the axis. This form 
frequently passes to the state of a cone: And I think it not difficult to see how by some slight 
rnodifying causes, such singular forms as are shown on Plate 16, Figs. 18 and 19, were produced. 
The case just described explains Fig. 18, except the abrupt temination of its top; which may 
have resulted from its close approximation to a stratum which did not admit of the free trans
mission of the cementing carbonate of lime. The projection of the top of Fig. 19, might have 
been produced by the extension of the concreting process into a layer of clay more favorable to 
the accretion of the particles, than that layer in which the part of the claystone smallest in 
diameter was formed. 

3. Prolate Spheraid. Supposing the conditions of the medium in which theconcretions were 
formed to be the same as in the last case, we can conceive of a modification of circumstances, by 
which the horizontal axis of the sphere might be lengthened, so as to form the prolate spheroid. 
To produce the oblate spheroid, we must suppose the stratum of clay equally pervious to the 
cementing particles on all sides in a horizontal direction. But suppose the clay to be pervious 
only along a space which bas the form of a cylinder. The consequence must be an elongation of 
the axis of the sphere which coincides with the axis of the cylinder, and the consequent produc
tion of a prolate spheroid. 

Exactly such a slate of the medium as to produce a perfect prolate sph~roid, we must suppose 
to be extremely rare; and hence such a concretion is extremely uncommon. Still, one of the 
most usual forms of the claystone, appears to me to be the combined result of the conditions by 
which the-oblate and prolate spheroids would be produced. If the concretion should enlarge so 
that the horizontal diameter becomes longer than the Yertical-tl:iat is, longer than the thickness 
of the layer of clay in a fit state for producing it-the sphere would become oblate. But if 
when thus enlarging it should extend most rapidly in two opposite directions, the prolate charac
ter would be imparted to it : or if it should enlarge unequally in different horizontal directions, 
its character would still be prolate-spheroidal; while at the same, time its narrow vertical lim
its of increase would. continue its oblate character; and thus might be produced a flattened ovoid, 
which is a common form of these concretions: or there might be several flattened ovoid projec
tions, which is a still more common form. In this way I conceive the principal body of the 
concretions exhibited on Plate 16, Figs. 20,33, 34, and Plate 17 Fig. 35,38, 41,43, 44,47, 
48, 45, 46, 51, 52, 49, 50, 53, may have been produced: although in some of these cases, there 
is another principle, which I shall subsequently describe, that may explain some of their irreg
ularities. The localities where these forms predominate, are Windsor in Connecticut, Deerfield, 
Montague, and Adams, in Massachusetts. 

4. Annulated. Let us imagine the spherical nucleus of the concretion to have so narrow ver
tical lin1its, that, as it enlarges, it takes the form of a circular plate. Suppose farther, that the 
ad<litions are made in the form of rings, of different width and thickness; so that the successive 
accretions are obvious to the senses. \Ve shall then have an idea of what I have denominated 
the annulatedform of these concretions. The localily in Hadley furnishes specimens of this 
form in great abundance; and, indeed, few other forms are found there. Plate 15, Figs. I, 2, 
31 4, 5,6, 1,81 91 101 11, 12, 13, 14, 15, and Plate 16, Figs. 16, 17, 26, 27, are .some of the 
most remarkable varieties from this locality. And probably this is tbe most instructive class of 
these singular bodies : and yet there are more things about the varieties of the annulated form 
which I find difficult to explain, than in respect to any other. ' 

The increase of these concretions by successive broad rings, is one or these difficulties. In the 
specimens from Hadley 1 which are more perfect than I have anywhere else seen, the center is usu
ally. slightly the thickest part; (the thi.ckness rar~ly exceeds a quarter of an inch,) and then, by 
a slight curvature of the surface, the thickness dJmJmshes outwards as if the matter were dimin~ 
i•hing in quantity ; which we should suppose would probably be the fact. But immediately be-
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yond the thinnest part, the concretion resumes its original thickness, and a ring or consiUerable 

wi<llh forms its circumference. I can imagine no possible explanation of this occurrence, unless 

we suppose, that when the outer ring began to form, the clay became more pervious to the ce

menting matter, but from what cause I cannot conjecture: or that a new supply of carbonate of 

lime was introduced. Jn the specimens at Hadley, it is not usual for more than one or two dis

tind rings to be formed around the central plate. But in some specimens from Adams, shown in 

Piute 17, Figs. 36 1 37, several imperfect concentric banJs exist. 

The extreme regularity of the specimens from Hadley, is surprising. They could scarcely be 

lurned out more accurately by a lathe j and their surfaces are as smooth often, as if such were 
their origin. It is no wonder tbat they should be so oflen regarded as artificial. The specimen, 

Plate 15, Fig. I, is five inches and a quarter across; and the outer ring an inch across. This is 

the largest regular concretion of this sort which I haye ever seen. H is only about one tenth of 
.an inch thick.* 

The modifications of the an nu lated form are numerous and rem<lrkable. The simplest change 

is a deficiency of a few degrees in the outer ring: the two extremities of the remaining portion 
being always gracefully curved. Sometimes, though perhaps not always, this curve is epicy
"Cioidal. In general, the entire outer ring disappears al the part deficient, while the remaining· 

}1art remains unaffected. I have never seen a smaller portion of the outer ring wanting than is 

shown on Plate 15, Fig. 3, where the deficiency is about3oc. This is less common than Fig. 4, 
which has a deficiency of 110°. Fig. 5 shows a deficiency of about lBOQ: And Fig. S of 300°. 
Several others which I measured gave 35c, 40°, 45c 50c, 60°, 70c, soc, 115c, 140'\ 160c. 

Such measurements cannot of course be very accurate; as an inspection of the drawings will 

show : because the curved extremities of the deficient ring meet the circumference of the 
inner ring at so acute an angle. 1 had almost persuaded myself that the deficiency in the outer 

circle would be found to increase from the minimum to the maximum by a fixed quantity. But 
the above measurements do not sustain such a11 opinion. ! think, however, that the deficiency of 
70c or soc is much the most common. 

The above statements apply only to the most perfect specimens: and as there are defects in 

crystaJs, where some of the conditions for their perfect formation were wanting, so we find spec

imens of these concretions with an irregular circumference, apparently from a deficiency of mate
rials, or subsequent disintegration The second ring, also, is sometimes partly deficient. But 

cases of tbis sort are so few as to form only the exception to a general law that prevailed in their 

production. 
The next variety of modification consists in a deficiency of the outer ring _on opposite sides 

of lhe plate, as is shown in Plate 15, Fig. 6. In such a case, the bounding curves of the rings 
sometimes lose more or less or their circular form; as the above figure shows in a slight de

gree; and it is seen much more striki11gly on Plate 17, Fig. 37, which represents a specimen 

from A<lams, where only a few of the annulatetl claystones occur; and these somewhat anoma

lous in their characteL·s. The deficiency of the outer ring becomes in some specimens so great 
that only two portions of it, like ears, remain; as shown on Plate 15, Fig. 7. In some instances 
three of these projections remain, as in Fig. 9. 

When these projections are on opposite sides of the plate, as in Fig. 10, Plate 15, we have, it 

seems to me, the commencement of another modification of the annulated form. The projecticms 

constitute new centers of attraction ; and by the process of accretion around the three centers 
which now exist, we have produced the form represented on Plate 15, Fig. 11 ; and on Plate 17, 

Fig. 43, which was found in Deerfield. It is difficult to explain all the cases of this kind, without 

• This Rpccimen is reduced in diameter more than one ho.Ir in the drawing: and all the other figures nre 

reduced in the same proportion from the natural size. 

53 
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supposing lh:it the new centers of attraction h:l.vc the power of abstracting the -particles of th~ cen· 
ral plate afler it is formed. In Fig. I?, Plate 17, lhe rxtremc plates sc<~rn to h~l\·e p1edom1natecl 
over the central one, so as to destroy almost its circular form. The proc~.ss has !!one still farther 
in Fig 13

1 
where the extreme platt!S are connected only by a thin. an<l narrow strip of concreti~n. 

In Fig. 14, one of these concretions seems to have £.reatly predomrnated over the other, resulung 
perhaps from the more favorable stale of the medium in which they wnc formed, at one cx.
tremity than al the other; or from a deficiency of matter at one end. ln like maimer, we may 
explain Fig. 15, Pb.le 15, from lfo.dlt>y; anll Figs. 1 G and 17, Pfate from DeerfidJ, 
where three centers ct attraction to have existed besides the one; 
cording to the supposition I have more or plate. 
not necessary, howe\·er, to suppose the original plate to ha\'e had a circular form. ll may have 
had an irregular outline. And yet, there is too much regularity in the relative position of these 
centers on the above figures, to be explained without supposing it fixed by some law. 

Plate 16, Fig. 27, is a case in which one of the extremities, or plates, assumes an oval shape 
from some slightly modifying cause in its formation. The projection llpon one si<le, appears due 
to a similar cause. Io a few cases I have found specimens like Fig. 26, Plate lG, with the central 
nucleus wanting; perhaps because it might have been a pebble It is also an <."Xample of a de~ 
ficiency in opposite parts of a broad outer ring, one of which deficiencies is bounded by a chord to 
the inner circle. The vacant nucleus is coosidernbly oul of the center; although this is scarce
ly shown in the figure: but I apprehend thal to have bef'1l the center of attraction. 

In a few instances I have seen the annulate<l form embracing the spheroidal; as Plate 17, Fig. 
54. This produces a singular yel elegant claystone. 

5. Le11ticular. Perhaps 1 ought to have considered this as a variet.r of the annulated form. 
For the <'entral plate in the l::i.tt<."r, is oflen lenticular; and if the outer ring were wanting, it 
would be a perfect example of this form. ll is cheiny lhe sharp edge of the circumference that 
distinguishes this form from the annulated. Al the Jla<lley locality the lenses are sometimes 
several inches across, and the edge extremely thin. At the Amherst 1oC'ality, where this form 
is the predominant one, the concretions are much smaller and thicker, and the convexity is often 
much greater on the upper than the under side. Figs. 21, 22,23, an<l 24, were sketched from 
that locality. The concretions there are often aggregated together, as the drawings show: and 
this is almost the only variety of this form that 1 ha.Ye found. Whal circumstance could have 
given Lhe sharp edge to this form, 1 find it difficult to conceive. Perhaps, however, the stralt1m 
in which they were formed, was at first easily pervlous to the cemeuting material, but gradually 
became too hard to permit its passage on its upper and under sides, and thus narrowed the sur
face of aceretion, until the wholeititratum became at length impervious. 

6. Cylindrical. We have only to suppose the process already described, by which the prolate 
spheroid might have been formed, to continue long enough, and a cylinder will be the result, 
with r,1unded extremities; which are always present. Plate 16, Fig- 28, shows a specimen 
from .Hadley, which approaches the perfect cylinder as nearly as l have usu::illy seen, although 
the different parts Yary a good deal in diameter. If the stratum of cl::iy is too thin to <il!ow tlie 
formation of a perfect cylinder, thf'n a flattened one would be produced, by lhe same principles as 
have been stated in respect to the oblate spheroid. Aud this in fact is the most common va
riety of the cylindrical form. Plate 17, Fig. 55, is an example of this vari.ety, from West 
Springfield, in tbe banks of Agawam ri\·er, near ·where the bri<lge from that place to Suffield 
cr~sses it. lt is almost th~ only uriety found there. At other loca1i.ties] have scarcely met 
with it. It set:>ms to admit of vury little variety, except that it is not always straight, nor of 
equal wirlth. 

Compour:d Fo:·ms. Not a few examples occur in which at lenst two of the preceding simple 
forms are found 1n the same concretion. In Plate 16, Figs. 30, 31, 32, 33, and 34,and Plate 17, 
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Figs, 3\ 38, and 39, from Adams, we percein~ the nuclei of several spheres, partly imbcdded in 
the flattened irregular prola.le spheroid. lt would seem as i( th~ concretions began with thl? 

spheres; but frum some cause the medium soon became unfavorable for their increase, whilP an 
adjoining \ayer, either abOYC or below , became favorable to the form:ttion o( the flattened irregu

lar prolate spheroids; and the concreting matter partially enveloped the spheresi but could not 

e ntirely surround them, for the reason above given. On Plate 16, Fig. 42, from Deerfield, we 

ha\'e a s imple ring surrounding one of the poles of an oblate spheroid. On Figs . 40 and 4 1, from 

\Vindsor in Connecticut, we have the prolate spheroidal form assoc iated wi lh the flattened cy lin
drical. Jn l•\g. 40, the latter <loes not pas3 directly through the former; but it does in Fig. 41. 

And in such a case, we must suppose the cylindrical form to have been first produced, and then, 

by some change In the conc1 ition of the clayey medium, or the solution, a prolate spheroidal 
fig ure was accumulated upon it. Figs. 46, 47, and 5 1, frnm Deerfield, are of the same c haracter 

as those just described. In a few instances I think I can discover three distinct s imple forms in 
the same concretion ; but they are not ve ry distinct. 

I have now described the most important varieties of claystones that have 
fallen under my notice. I possess, indeed, many others which differ slightly 
from those exhibited upon the drawings. But I did not feel justified in 
multiplying the drawings beyond the present number. In attempting to 
show how the different predominant forms and their varieties may have been 
produced, by supposing the clay in a plastic state, and pervious to ·the con
creting solutic.n, I have given all of theory that I feel able to do. On .the 
more difficult question, why the concretions assume a curved rather than a 
polyhedral form, I have nothing to offer. That it depends upon the imper
fect mobility of the particles of the clay, so that resistance is offered to the 
cementing material, seems highly probable: but this is simply a fact, not its 
rationale. 

There is one fact which may be learnt from the preceding descriptions; 
but which is so important as to deserve a formal statement. It is well known 
that peculiar varieties of form in crystals of the same mineral, characterize, 
or rather predominate, at different localities; occasioned doubtless by pe
culiar modifying causes in their formation. The same i~ true of these clay
stones. Thus, at Hadley, the annulated form most decidedly predominates; 
as does the lenticular at Amherst, the cylindrical flattened at one of the lo
calities in West Springfield ; and various compound forms at Windsor in 
Connecticut, at Adams, Deerfield, and Montague, in Massachusetts. In the 
four last named localities, there is also some slight peculiarity of the com
pound form, easily recognized, but not easily described; as may be seen 
upon the drawings. 

This fact presents us with anotl1er very striking analogy between concre
tion and crystalization : and added to all the other analogies that have bten 
described, renders it highly prouable that the former as well as the latter is 
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the result of unalterable laws, and therefore we may hope the day is not 
distant when both will be equally \rell understood. 

In conclusion, let us review the ground ornr which we have passed. 
In the first place, a short review of our knowledge concerning con

cretions in general, shows us that the subject is yet very imperfectly under
stood ; and that in respect to the peculiar silico-calcareous concretions that 
are found in chcy, ''e seem yet excee<lingly in the dark. 

In the second place, the claystones of New England, found in diluvi:ll clay, 
appear to be composed of clay cemented by carbonate of lime ; and hence the 
l roportion of this latter ingredient will vary according to the nature of the 
clay. 

Hence, thirdly, we may presume that these concretions were formed by 
the accretion of the carbonate of lime around certain centers of attraction in 
the clay; which, although pervious to the solution of cementing matter, does 
not appear to have been removed from its original position. 

In the fourth place, we find in Massachusetts as many as six fundamental 
or predominant forms, which the concretions ham assumed : 1·iz. the sphere, 
the oblate spheroid, the prolate spheroi<l, the annulated, the lenticular, aml 
the cylindrical, with numerous rnrieties of these forms; and sometimes at 
least two of them arc combine<l. 

In the fifth place, if we suppose the conditions as state<l under the thir<l 
particular, and concci, e of modifications in the form an<l consistency of the 
clay, and the carbonate of lime in solution, we can give a probable ei..plana
tion of the mo<le in which all the varieties of form found in l\Ias!;achusetts 
were produced. 

In the sixth place, as in crystals, so in these concretions, peculiarities of 
form characterize <lifferent localities. 

Finally, the conclusion is forced upon the mind, that these concretions 
are produced by laws as definite as those ofcrystalograpby. 

I will only add, that to show how numerous centers of attraction could ex
ist, often close to one another, a·1<l perhaps also, to explain some other phe
no1\1ena, it seems to me we must call in the aid of Galvanism. 

Lnilalive Forms of Claystones. 

AlthoUgh not contiected with their scientific history, I can hardly pass in silcnre, ,, l:at must 
strike every 6'tle who looks at the drawings'' hich I have given of the claystoncs, and especia!Jy 
every one who looks at the originals. 1 refer to the resemblance that often exists between them 

- "'- "" 11~ certain animals or productions of human art. One cannot but see for instance, in PI:ite. IG, 
..,..., · ~~~9_,_ 30t 31, 32, 33, 34 1 ar.d Plo.te. 17, Figs. 3;j, and 39, a striking rescmhlencc to a co11cc

-..._tion tt""Chines_e"'or Hi_ndoo gods, as representeJ by images and drawings. Fig. 27, Plate 16,an<l 
471 48, 52 au~~a~e 17, remioJ us Qf birds: Fig_s 41, 51,, a.n<l 46, l')latc 17, of quadruped:;::: 



Ferruginous Concretions. 417 

Fig- 50, Plate l7, of the seal: Fig. 1> Plate 15, of a wooden trencher: Fig. 13, Plate 15, and fig. 
17, Plate 16, of spectacles: Fig. 19, Plale. 16, of the top ofa tea pot, or sugar bowl, and Fig. IS, 
same Plate, of a broad brimmed Chinese hat; and Fig. 54, Plate 17, of the extremity of various 
posts, turned in a lithe. And yet these resemblances are so clumsily executed, that they seem 
to be mere mimicry: or to apply what Shakspeare says of certain stage players," it seems as if 
Nature's journeymen bad made men and not made them well, they imitate humanity so abomi
nably." 

A very curious collection of these burlesque imitations might be made out by visiting various 
loca\iLies 

No 1592 to 1682, will be found in the State Collection. 

Ferruginous Concretions. 

These are less distinct and far more fragile than the claystones. Although 
they do sometimes occur in the pure clay, I have more frequently found 
them ncii.r the upper part of the bed, where the clay takes an increased 
amount of sand into its composition. Sometimes they occur in the fine sand, 
or loam, above the clay, and even in alluvial deposits. 

I have found the most perfect of these concretions in the valley of Connec
ticut river. In Deerfield are four localities: one at the earthen base of North 
Sugar Loaf in clay: one on the banks of Deerfield river, a little northwest 
of the village in alluvium: another, on the same river, in the north part of the 
meadows in alluvium: a fourth, and the most remarlcable, a little south of the 
village called Wapping, in the clay cliffs through which the road is cut in as
cending Long Hill. They occur also in clay at South Hadley canal. Ou 
the banks of the Housatonic, in Sheffield, in a locality m alluvium. I have 
noticed them in the eastern part of the State, in Charlestown and Manchester; 
and on Nantucket, in clay, 

Description. 

As a general fact 1 these concretion~ are mnde up of concentric alternating layers of clay or loam, 
nnd the same mate1 ial more or less colourt:d or consolidated by the hydrate of j, on: so that when 
o:-ic cxtrnmity has been exposed for some timl! to the weather, the sofler layers, that is the clay 
or loam, wear le:ave the intervening harder parts the form of cylinders 
::-L:t within one The thick€'st and most solid; 

liuge of 
clay or loam. whe.n 

hold together arc dug out, they are usually much smaller 
form csseufrilly. Bence the sketches on Plate 18, Figs. 1, 2, 3, 4, 7, S, 9, with the 
exception of Fig. 6, are only the nuclei of tho concretion: yet, as they probably give a gvod i<lca. 
of their shape, this is of small importance. 

Thcsl'.!concrctions assume at least three clistiJJct forms; viz. the sphere, which is oftf>n oblate; 
the conoid, and the cylinder: and frequently these forms are all united in the same specimens, as 
may be seen upon the drawings aboYe refcrccl to. Sometimes the cylinders are \'ery irreguhir, as 
if formed around small branches of vegetables. (See Nos. 1586, 1587. ) No 1588 has a goo<l 
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deal the appearance of a fossil bone ; and as it was found in alluvial soil, only a few feet below 
the surfoce, on an old battle field between the Indians and the Americans, I am by no means 
certain that the nucleus wus not a bone. 

As a general fact, the upper part of the concretion is terminated by the segment of a sphere: 
as may bt' seen in Figs. t, and 2. .Most commonly the cylindrical stem forms the termination be
neath. ThP-ir most usual position is prrpendicular to the layers of clay, or lcmm: but sometimes 
they incline as much as 45°; and sometimes lie horizontal. This is especially the case in alluvi
um. In height I have rarely seen them more than six inches i and in diameter, rarely more than 
four, but sometimes they are several fet>t long. The axis of the concretion is always occupied 
by a lube; the diameter of which is rarely more than the twentieth of an inch i commonly much 
less. I h:ive sometimes seen this occupied by the root of a species of equiselum: as on the banhs 
of the Housatonic, in Sheffieltl. In some cases, however, the great depth beneath the present 
surface where they are found, precludes the idea that the root of one of these plants could have 
reached the spot; being 15 or 20 feet 1 and several feet in clay; into which plants rarely send 
their roots. In other cases, as in some specime~s already mentioned from Deerfield, the form 
and size or the cavity do not correspond to a small cylindrical root. Yet I can hardly doubt but 
in every case some organic body formed the axis; and thus became lhe nucleus or the concretion. 

In almost all cases, the original lamination of the clay can be traced, almost without interruption, 
through the concretions; and even where the nucleus has become so much consolidated as to sus~ 
tain a considerable blow without breaking, the layers are distinctly Yisible. In general, they are 
llpt to separate when drying, in the direction of their lamination. This shows us that it is chief~ 
ly the iron that has been moved in the production of the concretions; while the clay has remain
ed nearly a.s deposited. 

In general, these concretions are insulated in lhe clay and loam: But sometimes they are in 
dusters; so that the concentric coats interfere with one another. Prufessor Emmons ha.s giv
en an instructive sketch of such a cluster from the clay beds of Champlain in New York, wher.e 
they occur abundantly. (Report of the New York Geologists for 1837, P· 233.) 

I have called these concretions forruginous. But I have a specimen from a clay bed in the 
itateof Maine, (near Hallowell, I believe,) in which a perfect cylinder exists, near an inch in di
ameter, with a perforation along its axis, containing the root of an equisetum; and yet the clay 
of the conpretion cannot be distinguished in appearance from that which surrounds it; which is the 
common blue clay. Here there has not been any segregation of the hydrate of iron: all the 
iron being, as is usual in our blue clay, in the state of protoxide. We may, therefore, be certain, 
that the iron is not essential to the formation of these concretions. Probably the existence of an 
organic axis, and a certain stale of the clay, are all that is essential. 

The central part of these concretions in IHanchester, is cOmposed of white, and the outer part 
of yellowish clay. Hence it is not strange that they should be regarded in tl1al place as human 
bones: for the resemblance is strong. 

Jointed Structure in Diluvial Clay. 
Be~ore preisentin~ any theoretical considerations respecting the ferruginous concretions just 

described, I shall give a ~escription of a jointed structure in some of our clay beds, which ap
pears. to me to be a more simple operation of the same general cause which produced the concretions . 
. It is well ~nown ~hat ~early all tbe conso1idated stratified rocks are often separated by divis
rn~al planPs rnto pri~~at1c massL'.s, appro~ching the rhomboidal; sometimes into perfect rhom
boids.. The s~~e JOmts ~ccur rn the diluvial clay of l\'lassachusetls. I can refer to three 
Rccess1ble local1t_1es. One 1s on the south bank of Agawam ri\•er, half a mile east of the bridae 
on th~ road leadmg fnm V'lest. Sp~ing6eld to Suffield, where thousands of these prisms may be 
6een m the clay beneath the cl1luvrnm. The layers of clay here are perfectly horizontal ; a.s 
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they arc in the two oiher localities. On the west bank of Connecticut river, a few rods below 
the mouth of Deerfield river, is another loi;ality: and a third e..;ists on the suuth bank oi Deer
field rirer, in the north part bf Deerfield meadows, near Pine Hill. These cannot be seen 1 how
ever, except at low water. The locality at We:::;t Springfit.'ld is somewhat elevat~d above the 
water. ln all the localities it is only a few layers of the clay that are thus di\'ided by transverse 
pla:1cs, while these <ire underlaid aad overlaid hy other laminre perfectly undivided. 

The form into which these masses are almost always divided, is that of the doubly o~lique 
prism: that is 1 the faces are all oblique angl~d parallelograms

1 
and only the opposile planes alike. 

I have seen some of the face~ almost rbombs; but have never seen a perfect rhomboid. Fig 84 
is an outline of one of these prisms from We.st Springfield. 

Fig. 84. 

Usua11y the prisms are much more elongated in one direction than the specimen shown ~hove: 
tbat is, the divisional planes are much nearer to each other in one direction than in the other. I 
have measured a few specimens, in order to see whether there is any appro<Jch to identity in -
their forms. The first column below gives the smallest angle of the oblique angled parallelo
gram, forming the terminal plane: the second column, the smallest solid angle formed on Lhe 
longest edge of the terminal r~lane, by that plane and the adjacent face: and the third column, a 
shnilar angle formed on the shortest e<lge of the terminal plane. Jn all cases the opposite angles 
to those given, is equal to their supplement. 
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There is too much discrepancy in the preceding results lo permit us to refer these prisms to 
the strict laws of crystalography: yet there seems to have been an effort in their formalion to fol
low those laws: and perhaps the want of fluidity in the clay was the hindrance to their perfect 
conformity to those laws. If so, we may never be able to calculate the precise amount of modi
fication which will be produced by this cause; since it seems, according to the foregoing mPas
urements, to vary in the same homogeneous mass of clay. But I would still hope that the clue 
may at fast be <li~covered, that will make the determination of their forms as sure as tha.t of 
crystals. 
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Theoretical Considerations. 

I have already remarked that the ferruginous concretions, which have 
been described, were on.:e supposed by myself to be organic remains. Such 
was the opinion of others. Some, however, have always been of a con
trary opinion. Professor Emmons, for instance, in his Report for 1837, 
is decided in favor of their being concretions. I forwarded some
time since, a few specimens to Professor Bronn of the University of Heidel
berg, in Germany, distinguished for his knowledge of organic remains; 
requesting his views of their nature. He has favored me with his opinion, 
not only of their nature, but of the mode in which they might have been 
formed, in the followiog extract. 

"They 'are surely merely concretions ; formed probably by the mutual 
influence of the vital activity of little roots, and of the chemical disposition 
of the earth contiguous to them. The latter became bound in irregularly 
concentric layers, either because the roots deprived earthy matter of the 
component which had till then served to it, or to a part of it, like a men
struum; or because some product of the roots passed into the composition of 
the earth. By accidents of the first kind, in a class of vegetable soils, the 
roots of fruit trees are incrusted with carbonate of lime to such a degree as to 
become sick and fade away." 

That the ferruginous concretions, as well as the prisms of clay, have been 
formed since the clay and loam were deposited mechanically, seems quite 
clear. For since the concentric folds of the first, usually extend through 
several layers of clay, with the most perfect continuity, it is not credible that 
the concretions began to form while yet only the lowermost layer was in 
existence, and before the center, or the axis, of molecular attraction existed: 
Nor is it more easy to see how the divisional planes of the prisms should be 
formed, till the layers of clay, through which they extend, were deposited. 
But to any one who has examined these concretions and prisms, it is not 
necessary to spend time to show that they are the result of some agencies 
subsequent to the mechanical deposition of the clay and loam. 

That these agencies have acted from a center, or at least from an axis out
wards, in the case of the concretions, must be equally evident. Nor can I con
ceive any essential difference between an agency that could cause a cylinder, 
an inch in diameter, to separate itself in the midst of a mass of clay, as in 
the specimen from Maine above described, where no chemical change ap
pears to have occurred, and the separation of similar clay into prisms. "\'\' hat 
then, was that agency~ Professor Bronn, we have seen, supposes the root
lets of living plants to have been the immediate agents in the case of the 
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concretions. Probably he may be correct in this supposition: for the cylin· 
drical axis is certainly always present. But I have found it exceedingly 
difficult to conceive why these concretions should be so short, and terminate 
upwards so abruptly by the broad segment of a sphere, if the root, which 
must have extended far higher, was alone concerned in their production. 
Besides, many of these concretions are found several feet below the top of 
the clay bed, which must all have been deposited beneath water, and, there· 
fore, land vegetables could not have sent their roots into it, till the whole 
was formed and the water drained off: if, indeed, we can suppose it possible 
they could ever send their roots so deep into a soil so poorly adapted to afford 
them nourishment. The only supposition that gives any relief to this difficulty, 
is to say, that the roots might have been those of aquatic plants, growing at 
the bottom of the waters, as the successive layers of clay were deposited. 

But admitting, as perhaps we consistently may, that the rootlets of plants 
were the immediate agents, yet what power have they, to cause alternating 
layers of clay and ferruginous clay to form around them? That they 
might absorb mechanically the menstruum that held the iron in solution, or 
throw out that menstruum in the same manner, will be admitted: But a 
mere mechanical agency could not have separated the iron from the men
struum. There must have been some other agency to produce chemical de
compositions and recompositions. And I know of no agent that could have 
accomplished this, under such circumstances, except Galvanic Electricity. 
The best vegetable physiologists now admit that the rootlets of plants form 
with the earths and the fluids which they contain, Galvanic circuits. Once 
suppose these in operation in the midst of clay beds even slightly moisten
ed, and it seems to me we are justified, from the present state of our knowl
edge on this subject, in saying, that these concretions may even now be form
ing in clay. The recent experiments of lVIr. Fox, by which a mass of clay 
was divided into laminre by galvanic action, throws light on this subject; 
(Phillip's Treatise on Geology, Vol. 2. p. 87.) and shows at least, how the 
prisms that have been described in clay, might have been produced. Very 
probably, did we know a little more of the operations of this potent agency 
in nature, we should see equally clear how the concretions might have been 
formed by it. At any rate, if this will not explain them, I know not what 
principle will. And although I have supposed only simple molecular attrac
tion to have been concerned in forming the claystones, l strongly suspect 
galvanism to have been a chief agent in concretions of every sort. It would 
be a curious subject of experiment to attempt to produce by galvanic action 
these singular.bodies. He who should succeed, would doubtless be able to 
inform us why they are bounded by curved rather than polyhedral surfaces : 

54 
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why they are sometimes composed of concentric coats and sometimes ar!! 
compact throughout; and why they sometimes have a nucleus and sometimes 
have not. In short, with Hauy, when the fundamental idea of crystalogra· 
phy flashed upon his mind, he might exclaim, "the mystery is explained." 

The occurrence of the prisms of clay, that have been described irt our 
diluvial clay, seems to me important in its bearing upon similar prisms in 
the older rocks. The latter have usually been regarded as the effect of heat. 
Ilut our diluvial clay cannot surely have been subject to a temperature high
er than that which prevails at present in our rivers and ponds: nor is it 
probable that it has eve1· been even sun-dried. Yet if in such circumstan
ces prisms as perfect as in any of the older rocks have been produced, by 
galvanic or some other agency, why may not all have been formed in a simi
lar manner: at least, in all those cases where the rock had a mechanical :ori
gin. Is it not more probable, however, that electricity is in all cases the 
ultimate agent in their production : and that whatever tends to bring the 
opposite electricities into more intense action, whether it be aqueous orig
neous fluidity, may prove to be a proximate cause of their formation ~ 

Jliinerals in Diluvimn. 

\Ve might expect that whatever minerals existed in the rocks exposed to the eroding action of 
diluvial currents, would be found in the detritus. But I sball mention only such as are inter
esting on account of their rareness or quantity. 

J have not found gold in the diluvium of Massachusetts: but have found it in Somersel in 
V crmont, only 20 miles north of this state: and since the same formations that contain it there, 
extend southerly almost across Massachusetts, I have little doubt but it may be found here. But 
I have not considered it an object of importance enough to spend one half day ia search of it. 

A mass of native copper, weighing 17 ounces, was found several years ago in thediluvium of 
'Vhately. This was probably derived from the trap ranges of the Connecticut va11ey, where in 
Connecticut, other n1asses have been found. Jn \Vallham, Dr. Samuel L. Dana discovered ga
lena, in lamellar sulphate of baryta, in diluvial gravel. I have found galena in the same forma
tion in Dedham, and on the bank of Agawam River in West Springfield. And I have described, 
in the first part of this Report, a large part of the beds of Hydrate of Iron, that are explored in 
Berkshire County, as having been torn from its original situation by diluvial action. 

3. EOCENE OR OLDER TERTIARY STRATA. 

A hasty examination of the strata of Martha's Vineyard, as long ago as the 
year 1823, led me to adopt the opinion, that the principal cliffs of that is
land correspond to the deposit in Europe, long known under the name of 
Plastic Clay; but now, as a part of the Eocene Tertiary. And I described 
these 8trata as such. (.11.mericanJournal of &ience, Vol. 7. p. '240.) Several 
subsequent examinations have confirmed me in this opinion. My chief rea
sons for it are as follows. 
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·1. The Lithological Characters of the formation. On Plate 55, will be found 
a section of the cliffs of this formation at Gay Head, on Martha's Vineyard, 
colored according to nature. As may be seen by a reference to the description 
of each stratum, shortly to be given, the beds consist of white, green and yel
low sands; white, gray, yellow, blue, blackish, and red clay; ferruginous 
conglomerate; quartzose and osseous conglomerates: and among the 
clays, giving them a dark color, unstratified beds of lignite. Now this 
corresponds almost exactly with the Plastic Clay Formation of Europe. 
If any one will compare the colored section of Gay Head, with one given by 
lUr. Webster, of the Plastic Clay of Alum Bay, in the Isle of Wight, in the 
Second Volume of the Transactions of the London Geological Society, he 
will be struck with the resemblance: ashe will, if he compares the descrip
tions of the two spots. I did suspect that the distinct stratum of green sand, 
found at Gay Head, might indicate an older formation. But the organic re
mains which it contains, such as crabs, shells, and bones, are very much worn, 
and half the mass is clay; proving that this stratum consists of the ruins of 
older strata: ex. gr. the green sand and clay of the cretaceous formation. 
Similar beds occur in the Isle of ·wight, and also in the Eocene Tertiary of 
this country ; according to the Professors Rogers. ( .Jlmerican Journal of 
Science, Vol. 38. p. 184.) 

2. The Organic Remains. Although a number of organic relics occur at Gay 
Head, yet so far as they have been determined, none of the characteristic gen
era either of the middle tertiary above, or of the cretaceous group below, are 
among them. This is a negative but presumptive argument in favor of my 
opinion. 

I shall now proceed to describe this formation more minutely. And since 
it is developed most perfectly on Martha's Vineyard, I shall first confine my 
description to that island; and especially to that southwestern point of it called 
Gay Head: an imperfect sketch of which has been already .given in 
Fig. SO. It is a cliff of about 150 feet high, exposed to the constant action 
of the waves and winds. 

Lithologicitl Characters. 

1. Clays. These greatly predominate in the cliffs at Gay Head; and by the vividness of their 
colors, attract the attention of the most careless observer. Their variety in this respect is very 
great; but the following predominate. 1. White Pipe Olay. This obviously resulted from the 
decomposition of granite. 2. Blood Red Clay. This is doubtless colored by the red oxide of 
iron, and fo1ms an important part of the cliff. 3. Red and White Clay mixed. 4. Yellow Olay, 
colored by iron. 5. Bluish Gray Olay. This is the most compact of all the varieties. It often 
becomes nearly black, where it lies contiguous to the beds of lignite; and when in contact wilh 
the white and red varieties, a mixture of them all results. 
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2. Sands. Nest to the clays the sands are mosl abundant. They are there sometimes inter
stratified with the clays; and indeed, some Y:trie:ics of the clay contain so large a proportion ,,f 

sand, that it is not easy to determine whether they should be denominated cla_ys or sands. Of 

the sands 1 have noticed the following·varieties. 1. Jr7iile Si.liceous Sa11d; generally fine, hut 

sometimes coarse. This is tlie variety which is spread over aln1osl every part of the southeast

ern district or New England; generally, however, mixed with pebbles <m<l bowldt!rs, ~nd con

stituting diluvinm. It may be seen in its greatest purity near the extremity of Cape Cod, ,,·here 

it is of snowy whiteness: and also on Nantucket. On the Vineyard it js generally yellowish 

from. the oxide of il'On. 2. The same sand, cemented by the yellow hydrate of iron, so as lo 

form a loose sandstone. It is easily crumbled down, however, and is not abundant. I have 

noticed it at Gay Head; in the cliff in the eastern part of Chilmark i and on Nantucket, a mile 

northwest of the town. 3. White JJficaceous Sarid. This is in fact a mixture of silcx, mica, 

and white clay; the lattn ingredient not being present in sufficient quantity to holtl the parlicles 

together. 4. Green Sand; of a distinct but dull green color. It is sometimes so mixed with 

clay, as to form a compact mass, even when dry. lt is interstratified with the red and white 

clays. It is this stratum that contains the greatest nriety of the organic remains at Gay Head; 

and on this account, its exact geological position i.s important to be known. Its position may 

be seen upon the Section : and as I have already fully described it in the first part of my re

port, it is unnecessary to add more in this place. 

3. Li911ite. This exists in the form of beds, interstratified with the blue clay, chiefly. The 

beds rarely ex:ceed a foot in thickness. But the lignite is so intermixed ·with the clay, that it is 

11ot always easy to see the dividing line. These beds of lignite appear to me to have once con-

stituted peat bogs; and occasionally we meet with the masses of wood a bog would 

contain. So that this lignite is of two kinds: 1. A carbonaceous mass crumbling to 

pieces, and ofte11 largely mixed with clay. 2. Brittle compact lignite, showing fibre. 

It seems to contain iron pyrites, which is undergoing decomposition: and seven I 

tations a1e found upon it; of whose nature I know nothing. This lignite makes but poor 

fuel. 

4. Conglomerates. The most interesting of these is the osseous co11glomcrate; which consists> 

of rounded quartz pebLles, rarely more than an inch in diameter, with a cement of animal matter ? 

clay, iron, and sometimes a minute portion of carbonate of lime. ]t abounds in fragments-, 

mostly rolled, of the bones and teeth of animals; some of them very large. It is sometimes as 

hard, and broken with as much difficulty, as graywacke: but in other places the coherence is 

not strong. 

The strata of this conglomerate are from one to three or four feet thick, and sc,·eral of them 

are found <listiuctly interslratified with Lhe other materials of this cliCf. 

I cannot find that the like deposit, containing the bo11es of vertebral animals, occurs in any 

plastic clay formation described in Europe; although in England, pebble beds alternate irregular

ly with the sand and clays, but it does nol appear that these are consolidated.* 

Another variety of conglomerate at Gay Head, consists of pebbles, chiefly quartz, cemented 

by a great abundance of the hydrate of iron, and often containing hollow nodules of the same. 

I am not sure that this always alternates with the layers of clay and sand. On account of tha 

great quantity of its debris, that has fallen down upon the face of the cliff, I found it difficult 

to ascertain its true position in regard to the strata of clay and sand near the right hand part of 

theS~ction. I '"".as n~t without a strong suspicion, that it might lie upon top of the plasticclay • 
nny, I was led Lo mqu1re whether it might not be diluvium consolidated by iron. 

A third kind of conglomerate exists at this cliff, in rolled masses, a few inches in diameter, iQ 

• De la Beebe's Manual, p. 235. 2d Ed. London, 163~. 
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the green sand stratum. It occurs, also, very frequently along the beach; having probably been 
washed out from the cliff. lt is unlike any rock that I ever met with. The nodules are almost 
if not entirely quartz, and the cement a black compact substance, highly bituminous, and .slight
ly effervescing with acids. It appears like bituminous marlite, finely comminuted. As already 
mentioned, in one piece I found the remains of a Zoophyte. 

At the foot of lbe cliff, I also found rolled pieces of a yellowish gray rock, hard and compact, 
approaching hornstone It appears like argillaceous sandstone, which bas been subjected to pow
erful heat by the proximity of trap, sucb as occurs at M..,unt Holyoke, on Connecticut river; 
but I have met with the like rock nowhere else in the Slate. {No. 81.) 

In a kiud of ferruginous sand in tliis cliff, I met wilh one or two small specimens of a roc.k of 
oolitic aspect; (No. 80) which, how ever, effervesces but feebly with the acids. 

Specimens of all the preceding varieties of clay, sand, lignite, and conglomerate, will be 
found in the collection made for the Government. (Nos. 62 to Sl; also 1715 to 1731.) 

Desoription <if the Colored Section <if Gay Head on Plate 55. 

Rains and gravity have so mingled the various sorts of materials on the face of the cliff at 
Gay Head, that a cursory observer would see no regular stratification ; and so it appears on Fig. 
30. But the most careful examination which I have made of the place, results in the convic
tion that the strata l1ere run nearly N. W. and S. E. and dip from 30° to 50~ N. E. Neither 
the clay nor sand are Lut rarely lamioated. I measured the horizontal wi<lth of each stratum 
along the beach, aod applied the clinometer where I could, to get the dip. The colors were put 
on while upon the spot; and were intended to gi\·e a correct idea of the cliff~ as it would appear 
were its surface lo be scrapeJ off, so as to show the strata in their cnchanged position. The 
following description will show the composition of the cliff, beginoing at the north end. 

No. I. Soil and Diluvium: several rods thick. 
'' 2. Diluvium: 260 feet. 
" 3. Gray Clay Y•ilh lignite: 100 feet. 
" 4. Reddish ferruginous Sand: 100 feet. 
" 5. Green Sand, 50 feet: Most of the organic remains are in this Rtratum. 
" 6. Yellowish and dark brown Clay: 150 feet. 
'' 7. \\"bite Sand: 50 feet. 
" 8. Clay with Lignite: 50 feet. 
" 9. Brown Clay and Sand : 200 feet. 
" 10. \Yhite and Yellowish Clay with Lignite: 300 feet. 
" 11. R•<l Cloy: llOfeet. 
" 12. Blne Clay with Lignite: 70 feet. 
" 13. Red : 250 feet. 
" 14. Brown 
"15. White 

Lignite: 50 feet. 
85 feet. 

'' JG. Red Clay with Lignite: 280 feet, 
'' 17. Yellowish ferruginous Conglomerate and Sand i the lowet part essecms: 

200 feet. 

" JS. White sand: 265 feet. 
" J 9. Light Gray Clay and Sand: 66 feet. 
" 20. Red Clay: 50 feet. 

" 21. Gray Clay: 50 feet. 
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No. 22. White Clay : I 00 feet. 
" 23. Gray Clay with ferruginous conglomerate near the top, perhaps not in

terstratified : 300 feet. 
" 24. White Clay : several rods. 
" 25. Red Clay chiefly: a long cliff seen obliquely. The coast here curves rap

idly towards the east. 
The entire length of the Section is about four fifths of a mile. 

Other Localities of Plastic Clay. 

At the cliff in the east part of Chilmark, on the shore of the ocean,some of the clay is schistose, 
and there we find the followfog section. A considerable part of the cliff there, from 20 to 30 
feet high, is covered by diluvium, which has slidden down from the upper part. But where the 
strata are exposed lo view, they present the curved, contorted, and inclined appearance exhibited 
below. The general dip, it will be seen, is towards the south, as the left hand side of the sketch 
is the southern extremity of the cliff. The sketch embraces a horizontal distance of :i:bout 5 rods. 

Fig. 85. 

Stction in tltt Pla1tit Clay: Chilmark. 

Nantucket and Cape Cod. 

"Beneath the coating of diluvium, which is represented on the Geological Map as covering 
Nantucirnt and Cape Cod, a clay occurs of a bluish color, sometimes with a tinge of green, but 
quite different in appearance from any that is found at Gay Head. The highest cliffs that I have 
seen of this clay are at the Light House in Truro, near the extremity of Cape Cod. There the 
layers are perfectly horizontal; as they are generally, or nearly so, all over the Cape and on Nan
tucket. I have never found any organic remains in this clay: nor any mineral to identify it with 
ihe strata at Gay Head; except some imperfect nodules of hydrate of iron at Truro. It is alto ... 
gether wanting in the variegated character exhibited by the plastic clay; and though I feel a 
good deal in doubt as to its position on the geological scale, I am inclined at present to regard it 
as a newer member of the tertiary strata than the plastic clay, not deposited till the latter had been 
tilted up. Yet it is possible that it may, like the blue clay in other parts of the state, be a part 
of the diluvial formation. But I know that the main body of diluvium lies above it, and have 
no evidence that any drift lies beneath it. Yet as we go north into Plymouth County, we do 
find gravel beneath similar clay: though it may not be diluvial gravel. But I have said all that 
I wish on this subject in giving the lithological characters of diluvium. At present I rest in the 
opinion, that probably the plastic clay may exist beneath a considerable part of Nantucket and 
Cape Cod; but it is concealed by a more recent tertiary, or a diluvial deposit. 
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In Marshfield and D uxbury. 

Jn the Economical Part of my Report, page 91, I have given all the details that are necessary 
perhaps, respecting a stratum of green sand in Marshfield and Duxbury, a little beneath the sur
face. The region is one of granite and sand, and as unpromising as any in Massachusetts for 
finding such a substance. Yet there it js, very similar .in appearance and composition to the 
.stratum on Gay Head. It abounds too, with the same fossils; viz. casts of a Cytherea ancl a 
Turbo, and bones of a vertebral animal, and the tooth of a shark. Rev. Benjamin Kent of Dux
bury first called my attention to the subject: and the strata '\vhich he penetrated in reaching the sand, 
were first, <liluvium; then vegetable earth; then a few inches of tough blue clay; then layers 
of ferruginous conglomerate ; then green sand. This may be the same stratum of green sand as has 
been described at Gay Head: but as that is evidently the result of the abrasion of some previous 
similar deposit) this also may be another stratum of the same kind, higher up in the series: and, 
t herefore, these facts do not necessarily show that the plastic clay formation exists nt this spot j 

although they do render it probable. My own belief is, that as we go northeasterly, the Eocene 
tertiary strata sink lower and lower; and that they have been found above the waters at no 
point beyond Gay Head. As we go south, the cretaceous rocks, which lie immediately beneath 
the Eocene Tertiary, emerge above the waters in N Jersey, and continue through most of the 
southern states, often covered by the tert iary. Whether they gradually rise higher and higher as 
we proceed south, I know not. But in South America they occur, probably a continuation of 
the North Amer ican group-at the height of 12000 French feet. (Petri}hations recueillies en 
A merique) &c. decritcs par Leopold de Buch, p. 3 and 4, Berlin) 1839.) It is a curious fact, how
eyerJ that throughout th is vast exteot no real chalk has ever Leen found . 

• Jllineral Contents. 

The most Interesting an<l abundant mineral at Gay Head, is limonite, or the hydrate of iron. 
The varieties a ·e all argillaceous. The most important are the following. 

I. Nodular. This is the most abundant variety, and the nodules vary in size, from that of a 
''rn1nut to a foot in diameter. Sometimes they are spherical, more frequently ovoid ; sometimes 
ovoid flattened; sometimes composed of concentric layers of the compact oxide and yellow ochre 
with a nucleus sometimes of sandistone in the center, but more frequently hollow. These 
nodult:s are generally mixed with a large proportion of coarse sand and gravel, which unitedly 
form, as alreaJy remarked, a conglomerate. The flat nodules are sometimes slaty; an<l it is on 
the lamiore of these, that the principal part of the vegetable remains of this formation occur. 
Sometimes the nodule, when broken open, is seen to envelope a flattened mass of lignite : show
ing conclu.sively that the ore originally accumulated around this as a nucleus. (Nos. 121, 122, 
12~.) Fig .. 86 sho~vs o_ne of these concentric nodules very much resembling a pear or a squash . 
ll 1s 6 or 7 mches l1l diameter and bas a central axis of lignite. 
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Fig. 86. 

Noaular argillaceous iron ore exists also on Nantucket; as wen as in other places on the 
Vineyard. 

2. Columnar. Some of the larger nodules mentioned above, being broken open, exhibit, as 
the result of desiccation, a columnar structure in the interior: the columns varying in diameter 
from a quarter of an inch, to one, and even two inches; and in length, from half an inch to three 
inches The sides arP generally unequal in size, and nrious as to their number. The axis of 
the column is always parallel, I believe, lo the shortest diameter of the nodule. The space be
tween the columns is generally only sufficient to allow of the introduction of the blade of a pen
knife. In some instances, where a shrinkage has taken place, no regular forms are prnduced; 
but the seams run in all directions. I have not observed any case where the seams reach to the 
surface of the nodule. The ouler portion, from half an inch lo an inch thick, is compact gray 
iron stone. 

An examination of these nodules, leads one at first almost irresistibly to the conclusion, that 
they must have been once in a melted state, and suddenly cooled at the surface: and the glazed 
iron-black appearance of their internal surface, tends to confirm this opinion. And yet, ] doubt 
whether it is necessary to evoke the god of fire for a solution of this phenomenon. For the 
mere desiccation of nodules, containing so much argillaceous matter, will, it seems to me, ade
quately explain the appearances. Of course the external portion would first part with its moist
ure and become solid: and as the water gradually escaped subsequently from the interior, the 
shrinking would produce fissures within j since the already compacted crust would not permit 
the compression of the whole mass. And as to the shape of the pieces, resu1ting from the 
.shrinkage, it seems to me that if the nodule be spherical, the fissures will coincide essentially 
with planes passing through the center of the sphere. (See No. 126.) But jf the shape be 
that of a flattened ellipsoid, the greatest shrinkage must take place in the direction of the plane, 
which coincides with the two longest diameters of the e1lipsoid : and, therefore, most of the fis
sures will be made perpendicular to that plane, so as to produce columnar masses i allhough 
there will be a proportionable shrinkage in a direction perpendicular to the plane above mention
ed, which will produce at least one termination to the columns : and all the specimens which I 
have examined, confirm this rationale of the appearances; (See· Nos. 124, 125,) as docs also 
the desiccation of clay on the surface of the earth, producing columnar masst's, which stand per
pendicular to the horizon. I apprehend it will be found, that the true columnar structure exists 
only in those nodules which are flattened. 
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The existence, sometimM, of lignite in the center or these nodules, is another evidence that 
they never could hav" be, 'l complelely fused, since the pieces of wood that were enveloped, 
must have been entirely dvtroyed. ] am aware that coal is sometimes founrl in trap rocks, or 
between the trap and sandstones : but in such ca;,,es, I apprehend that the fusion of the trap was 
only partial, as we know to be tlw case with many l::ivas. 

Further: how could nodules of iron, in the midst of cJay and sand beds, have been exposed 
lo a fusible heat, and yet the clays and sandJ have remained unconsolidated'? 

3. jlfarnillary. The tubercles of this variety are rarely smaller than a buck shot, or larger 
than an ounce ball. Vd1en broken, they exhibit no appc.>arance of a radiated structure; but are 
massive, though scales ·f m:ca and grains of sand are observable in every part of this ore. (No. 
120.) I am informed by Thom<is A. Grrnn, Esq. th1t it exists in much larger quantities in the 
cliffs, four miles east of Gay Heatl 1 in the west part of Chilmark, a JiUle east of Minimshi 
Bite, than at Gay Head, where I found it. 

4. Pisiform. Tbe grains are rarely cxact]y spherical, and seldom exceed the size of a small 
pe1. Not unfrequently they are distinctly reniform. Colori externally, blackish browa; inter
nally, yellowish brown. Aggregated into irregular masses with clay and gravel. This ore 
seems sometimes to be the mineralizer of alcyonia, shells, &c. It is not abundant. (No. 119.) 

5. Ocltreg Brow1i Iron Ore. This occurs mixed sometimes with e\•ery variety above de
scribeJ: particularly with the nodular. But it is never seen in 1arge masses. 

It is well known lhat the preceeding are valuable ores of iron for smelti1Jg; and at Gay Head, 
particularly, they may be obtained in abunJance. That spot is still in possession oflhe descend
ants of the lndians of Martha's Vineyard: ~ nd it is to be hoped that the Government of the 
State will take measures to prevent theil· being defrauded of this ore, which may prove of con
siderable value. 

Radiated Sulphurct of Iron. This ;s very frequent and beautiful in the osseous conglomerate 
and blue clay of Gay Hea<l. The nodules are sometim~s perfect spheres; from one to three 
inches in diameter; but generally more or ]P.;S irregular; the surface often exhibiting one face 
of numerous cubic crystals; but on breaking the mass, the radiation is obvious. Such, howev
er, is the tendency of lhis ore to decomposition, that it is difficult to preserve specimens long in 
a cabinet, unless excluded from the atmosphere. Their decomposition produces of course sulphate 
of iron and sulphate of alumina and pobsh,or alum, which effloresce on the clay. (Nos. 117, 118.) 

Sulphate of Lime, Ot Selenite, exists at the same place in tables and acicular prisms, dissemina
ted in ·bJue clay and in lignite (No. 131.) 

It is said that amber has been found floating in the ocean near the cliff ·at Gay Head. l also 
found it in small quantities, connected'' ith a vegetable relic in iron ore, at the same place. At 
Nantucket, a m3.ss of light colored amber was found, three or four inches in <liameter, which is 
now in the cabinet of T. A. Greene, Esq. of New Bedford. 

Native arsenic is said to have been found at Gay Head: but I saw none. 

Organic Remains. Fossil Vegetables. 
The lignite beds already drscribed, prove the presence of a large quantity of vegetable matter 

in this formation. This lignite is sometimes Iigniform, of a brown color, anc~- distinctly fibrous: 
somelimes it is hard and brittle; and more commonly, it is friable. I found a mass at the foot of 
the cliff, wliich abollnded in tbe impre-ssions of a monocotyledonous plant, bearing the dosest 
resemblance to a Zostera. The mass resembled peat. 

Dul most of the vegetable impressions at this cliff are dicotyledonous ; and exist only in slaty 
argillaceous iron ore. Although these impressions are very distinct, exhibiting the minutest 
reticulations of the leaf, yet every particle of the vegetable substance is removed. This is true 

55 
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only in those instances where the impressions are leaves. (Plate 19, Figs. 1, 2, and 3. )• The 
shape of most of these leaves very much resembles that of an Ulmus: but they are wanting in 
the serratures, which the existing speoies in this country possess. Fig. 3, bas serratures, or 
rather is crenate, and resembles a Salix. On Fig. 2, may be seen the impressions of pear shaped 
seeds . 

Figs. 4,and5, represent different individuals of another variety of vegetable remains, occur
ring at the same spot, and in the same iron ore. These are not mere impressions; but a scale of 
carbonaceous matter, mixed with amber, marks the spot where the vegetable was i:nprisoned. 
The amber occupies longitudinal ridges, which in the plate are represented by white stripes. It 
seems to me very obvious, that these remains must be the seed vessels of coniferous plants. 
The amber shows that they abounded in resin. They resembled unopened flowers of syngenesian 
plants : but they contain too much resin for these; and have left too much undecomposed mat
ter for so frail a substance. Indeed, although the compound dowers, with their double calyx 
and strong receptacle, might stand a better chance of being preserved in a fossil state than those 
of any other kind of plant, yet I am not aware that a flower of any sort has been found in that 
condition. Near one of the specimens of the vegetable under consideration, I observed an ovoid 
seed vessel, about a quarter of an inch long, exhibiting the shell most distinctly, and different 
from the pear shaped ones just mentioned . 

.llnimal Remains. 

Vertebral Animals. The bones and teeth of these Animals are more numerous at Gay Head 
than any other organic relics. They are found in the greatest abundance in the osseous con
glomerate, already described: but they occur also in the green sand, and in a yellowish sand, 
associated with the green sand. For the most part, the bones are not mineralized; but frequent
ly they are black when broken ; and sometimes they nre thoroughly impregnated with iron ore. 
In general they are much broken and often rolled. In one instance, however, I noticed a suc
cession of large vertebrae, one or two occasionally being absent, for a distance of 10 or 12 feet. 
Some of these are 9 inches thick, and as much in length. (Nos. 104 to 108.) The head in 
this instance was wanting ; and, indeed, nearly all the other bones, except the vertebrae, and 
short portions of the ribs. (No. 109.) But it is improbable that these could have been moved 
in so connected a state, far from the spot where this huge animal died. In the green and ferru
ginous sand, veNcbrae are found only occasionally; and they are generally much smaller than 
those in the conglome.rate. 

Two of these vertebrae, among the smallest, are exhibited on Plate 19, figs. 6,and 7. Pieces of the 
ribs, (some of them4or5 inches in their greatest diameter,) bones of the head, &c. are jn general 
so broken, that a sketch of them would be useless They will be found.among the specimens. All 
the vertebrae that are drawn, are from the green and ferruglnous sand. 

All the varieties of teeth that accompany these bones, which I could find nt Gay Head after a 
protracted search, are exhibited on Plate 19, Figs. s, 9, 101 11, 12, and 13. Figs.Sand 
9, are of a triangular shape, yet like the others, they probably belonged to different genera of 
sharks. Figs. 8, 9 and 10, may have belonged to the Carcharias of Agassiz; aod figs. 11 and 
12, to his Lamna. Fig. 14 was from the green sand of Duxbury, and appears to have been a 
J,amna. In general these teeth are very much broken, and never have 1 seen them attached to 
the jaw. This fact confirms what all the other organic relics at Gay Head teach, that they 
must have been subject to a good deal of violent action by the waves during their deposition. 

Fig. 13 may have been a part of the crocodile's tooth, as it corresponds with one figured in 
Cuvier's Ossemns Fossiles . But it may, also, have been the tooth of a Sauroid fo;h, such as the 
!degalichthys, which had large conical striated teeth, like fig. 13. These fish are, indeed, found 

• All the organic remains Lhat are fiaured a.re dr:wn of the natural size. 
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tar beneath the tertiary strata. But the specimen from Gay Head, which is only a fragment, is 
converted into a substance exactly like flint, being in this respect unlike all the other petrifactions 

from that place; and therefore, it m:u7 have been derived from a formation even as old as the 
Carboniferous. (No. 103.) 

It ought to be noticed, that sometimes masses of lignite are contained in this osseous con· 
glomerate; and that in two instances, 1 found the bones penetrated by a cylindrical cavity, two 
or three inches long; pretty ubvinu~ly the work of some lithodomous shell. (Nos. 112 
and 116.) None of the vertebrae or other bones which I have described except the teeth, so far 
as I can judge from the imperfect means within my reach, seem to be those of the shark. They 
bear a much nearer resemblance to those of huge saurian reptiles: one of the vertebrae in particu
lar, appears very much like those of the Plesiosaurus. 

A tooth of the shark (probably a Carcharias,) from Gay Head, much larger than those which I 
have described, is preserved iu the Collection of the Essex County Natural History Society at 
Salem. I am indebted for the following sketch and description of it to Professor Charle::; B. 
Adams of .Middlebury College. 

'' I have before me a shark's tooth of extraordinary dimensions, of which you will find below a 
figure, of the natural size. The specimen is from Gay Head, Martha's Yineyard, and belongs 
to the Essex County Natural History Society. It is 3 1-2 inches in length,and probably might 
have been longer, as the base is imperfect. The sides are broken off for some distance above the 
base, as represented in the figure, but the apicial angle between the sides indicates a base not 
much less than the length. 2 3-4 inch~s on one side, and 2 1-4 on the other, are nearly perfect, 
and the edges are minutely crenulate, rather than serrate. The surface represented in the figure 
has a convexity of l-3d of an inch. The enamel is perfect, with the exception of a number of 
longituclinal cracks, which terminate about l-3d of a'1 inch, before reaching the edges of the tooth~ 
the middle one however extending to the apex. The other side bas a less convexity, and rises 
with an inclined pfone each side, about 7-Sths of an inch, but is rounded in the middle The 
enamel on this side is also cracked. 

Fig. 97. 

Shark'! Tooth from Gay Head. 
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"A portion of osseous conglomerate adherillg to the base of the tooth, shew; th::it it was taken 

from the stratum of the conglomerate, which you have describrd ia your Report on the Ceology 

tif l\fi.ssachuselts. 
"\1 ·hat a monster! The lowest estimate would make this shar1~ mi re than 60 feet in length: 

and tho estimate according to the rule which you have cited, of Lac,:p !de and Faujas St. Fond, 
would make him SS feet long. What a mouth! With an opening 6 or 8 e.; ; ,,.·ide, thickly ser~ 

utcd with several rows probably, of these enormous teeth. 
"Last summer Pardon G. Seabury, Esq. of New Bedford informed me that he had seen at 

Martha 's Vineyard a few days previous, a shark'tl tootl; 3 inches in length." 

Lt the north part of OMlmark, on the road to Tisbury, on Martha's Vineyard, an excavation 

by the road side has broL1ght to light the osseous conglomerate, and Dr. Gale of Holmes' Hole, 

obtained lhe:e ! everal shark's teeth. One of them was 4 inches across lhe base, and four in

ches high, including the roots. It would seem that such huge fishes as Professor Adams has de

scribed, were not uncommon once on the. coaH ol Massachusetts. ln comparison it will hardly 

he proper for us to speak of any of the present puny inhabitant; of the ocC'<lU as monsters of the 

deep> unless the famous sea serpent should prove as gigantic in posses.8ion, as he long bas been in 

the newspapers. 
Orvstacea. In the green sand at Gay Head we meet with well characterised specimens of the 

genus Cancer: although they are in general much broken; showing that they originally belonged 

to a formation which was abraded or destroyed anterior to l.he production of 1he green sand. Tho 

interior part of the specimen consisted of argillaceous matter, probably con1J ining a large propor

tion of oxide of irou: but the covering of the animal still retains its blackslu ing color, although 
upparrntly carbonaceous. The broken state of nearly all the specimens, reuders it difficult lo 

deteri11ine whether they helooged to more than one species, although they probably did : and for 

Urn ~a.me reason I have thought that drawings would not be of use. 

Zoophyta. In the bituminous conglomerate that occurs in rolled masses in the same green 
sand, I found a branching zoophyte, whose characters are indistinct. 

In the same green sand, and also in the fow1 ginuli s eautl associated with it, we find numerous 
roncretions whose interior part appears to bccoirpactargillaceous oxide oflron, with the pisiform 

ore disseminated. Their shape is so exceedingly like that of several of the alcyonia, that I sus

pect they are petrifactions of those singular animals. They are generally more or less rolled, 

though not as much so as the crabs. Plate H1, Fig. 15, represents one of these relics. ]t re
sembles a spr.cies of the genus j}Imwn figured ju Goldfu ,; 1

!- Petrifacta. 

On the surface of some of these specimens small pebbles are sometimes Sf>en ; and I have oc
casionally found them disseminated through the specimen. In such case it may reasonably be 

doubted whether an animal once occupied the place of the nodule. Yet if the principal part of it 
be hydrate of iron, I can conceive how a few pebbles rnigbt be introduced along with the iron as 

it gradually took the place of the animal. Still, I am not in a little doubt as to the origin of 
these nodules. 

Testacea. I found in the green and ferruginous sand at Ga.y Head, the casts of three genera 

of shells. As the shell itself is wanting) the charadl' rS are indistinct; and there is evidence 

that the specimens have been more or less rol led; but the two bivalves are probably referable 

to the genera Venus and Tellina, and the univalve to the genus Turbo. The mineralizer is the 

game ferruginous c!ay, or perhaps argillaceous O)iide of iron, which has petrified the crabs and 

£oophytes. Hence they all probably had the san;e origm. Plate 19. Fig. 16, is a sketch of the 

Venus: Fig. 17, of the Tellina: Fig. 18, of the Turbo. The latter is obviously somewha.t brok

en. I could find only two specimens of it. Of the Venus, I found only three or four ; but I 

obtained 20 or 30 of the Tellina. Fig. 1!l shows a small species of Venus from the green s:ind 
of Duxbury. 
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Theoretical Considerations. 

It is universally agreed that all the tertiary formations have been deposited 
from materials diffused or dissolved in water; and it is now generally ad
mitted that these deposits took place in independent basins and at various 
epochs. One of the most remarkable facts in relation to these deposits, is 
the frequent alternation, or admix.ture, of marine with fresh water or terres
trial relics. Thus, at Gay Head, we have lignites and dicotyledonous veg
etables mixed and probably alternating with the remains of sharks, alcyon
ites, crabs, and marine shells. In some instances, such facts may be explain
ed by supposing alternate elevations and depressions of the surface, so as to 
bring salt and fresh water succe.:sively over these deposits. But more usual
ly it is probable these strata were deposited in estuaries, which were occa
sionally inundated by fresh water: and as in early times the earth's surface 
was perhaps, more level than at present, these inundations might be more 
extensive than any that now occur. 

The inclined position of the Eocene Tertiary on Martha's Vineyard, es
pecially at Gay Head, is extremely difficult to explain. I have no evi
dence of any disturbance by which the strata in any part of New England 
have been elevated more recently than the tilting up of the new red sand
stone along Connecticut ri1cer: Nor in the eastern part of the state is there 
any other evidence than this plastic clay presents, of any rise of the strata 
since the elevation of the graywacke. Yet this disturbance at Gay Head 
must have been immensely more recent: and I have been led to enquire, 
whether it be not possible that it might have resulted from the sliding down 
of the clay and sand towards the sea, after they had been undermined. This 
to be sure is extremely improbable; and little less so is any supposition 
which I can make. 

Sipposed Volcanic .fiction at Gay Head. 

The opinion, I ought, however, to remark, has been advanced by writers 
too respectable to be passed unnoticed, that there are traces of volcanic ac
tion at Gay Head. The great quantity of lignite there mixed with the clay, 
giving the whole mass an appearance somewhat like cinders, and the ferru
ginous conglomerate, in which the pebbles are coated over with the b1own 
hydrate of ir.on, often exceedingly resembling the conglomerated semi-fused 
mass that is raked out of a furnace, would very naturally lead a person, un
practised in geology, to refer them to volcanic agency. These are undoubt
edly the substances intended by Dr. Bay lies, when he speaks of "masses of 
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charcoal," and "large stones, whose surfaces were vitrified,"* It is now well 
understood, that neither lignite nor the hydrate of iron, require heat for their 
production. 

4. NEW RED SANDSTONE. 

Under this name I have included all the sandstone in the valley of' the 
Connecticut; extending from New Haven, Ct. to the north line of Massa
chusetts in Northfield. On a geological map, given in the 6th volume of the 
American Journal of Science, I have marked the inferior beds of this form
ation as Old Red Sandstone. Nor do I now deny the existence of this rock 
in that valley. But I have not discovered marks enough to identify it, so 
as to be justified in giving it a place on the Map. 

In Europe the Coal Measures usually intervene between the old and the 
new red sandstone: and some geologists have thought that we have all three of 
these formations in the valley of the Connecticut. Thin seams of coal do, 
indeed, occur in this sandstone; and many specimens of rock may be found, 
which cannot be distinguished from the shales and sandstones of the coal 
measures. But in general, the flora of this sandstone is altogether of a dif
ferent character from that connected with the coal formation, and very scan
ty. I cannot, therefore, present any, conclusive evidence of the existence 
in tliis valley, either of the coal measures, or the old red sandstone. But I 
think I have proof sufficient to justify me in maintaining that the New Red 
Sandstone does exist there. That proof I shall now present. In order, 
however, to make my arguments intelligible, it will be desirable to describe 
briefly the extent of this formation in this country. 

In the valley of Connecticut river this formation commences at New Hav
en on Long Island Sound, and extends uninterruptedly across Connecticut 
and Massachusetts ; beyond which State it does not occur. In going south
erly we again meet with it in New Jersey; from whence, with little inter
ruption, it extends across Pennsylvania, Marylanll, and Virginia, into North 
Carolina. Throughout this whole extent, its lithological characters are so 
much alike, that the geologist recognizes it at once as the same formation. 
It is also traversed by dykes, or irregular protruding ridges of greenstone ; 
and at the junction of the two rocks, ores of copper are common. The or
ganic remains also, especially the fishes, correspond essentially in the differ
ent parts of this formation. In Nova Scotia, likewise, a similar red sand
stone occurs; which is connected with trap rocks, contains gypsum and salt 
springs, and is underlaid by a coal formation. That this is the new red 
sandstone can, therefore, hardly admit of a doubt. Let us now look at the 

*Transactions of the Amer. Acad. of Arts and Sciences, Vol. II. Part L p. 150. 
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evidence which goes to show that the sandstone of the Connecticut valley 
belongs to the same place in the geological scale. 

1. Lithological Characters. In order to make fair comparison, after hav
ing become familiar with the numerous varieties of this formation in the 
Connecticut valley, I cast my eye over a collection of 600 specimens, ex
tending through the entire geological series of rocks, as they are developed 
on the continent of Europe. My object was, to ascertain whether there 
was any such resemblance between the New England group, and any one 
of the European formations, as would at once arrest the attention, without 
looking at the labels. It was obvious at once, that no such resemblance could 
be traced, except in a group of 60 or 70 specimens, near the middle of the 
series : and here it was so striking, that one could not but infer that they 
must have been formed under similar circumstances. In both groups there 
was a great variety of colors, red, brown, gray, white, and black ; yet the 
red predominated. In both groups these colors were arranged in stripes, 
spots, or clouds; so as to give a lively variegated aspect even to hand speci
mens: and in both groups were fine shales and marls, common gritty sand
stones, limestones, conglomerates, and breccias. I think the calcareOU$ 
matter decidedly more common, however, in the European group, and that 
the sandstone is oftener of a light colour; but that a slaty character is much 
more common in the New England series. 

The European collection to which I have referred, is one of those put up 
at the Mineralogical Institution at Heidelberg, in Germany; and is deposit
ed in the Cabinet of Amherst College. And as similar collections are wide
ly distributed in this country, as well as in Europe, and have the same 
numbers and labels attached to similar specimens, it may be well, perhaps, 
to refer to a few of them, for the sake of comparison with those from Mas
sachusetts in the state collection. I shall mention only those which are so 
exactly alike, that the one might be substituted for the other, and the eye 
not be able to detect the difference. I shall give the labels that are attach
ed to the specimens from Germany. 

No. 267. "Lou:er Keuper Illar/: black, covered by the keuper gypsum, and allernating 

with its lower strata. \Vurtemburg." Compare with Nos. 202, 203, state l'Ollection; which are 
the common, dark, not ''ery fissile shale so common in the Connecticut valley, and found most 
abundantly near the middle of the formation. 

No . .26!:.J. "J(euper Sandstone, forming the middle strata of this formation. Dolerite breaka 
through this rock. Weiler, ll<ulen." Compare with Nos. 171, 172. This gray sandstone in 
the Connecticut valley is usually found very near where trap rocks have beeq forced through the 
forn1ation. 

No. 320. " ~hile Sa11~1om, vari~ty or _New Red Sandstone call~ u:eisses Todl-Liegeride~, 
full of small laminae of mica and fossil remains of plants belonging to Lepidodendron Dichot0-
mum1 (Sternbt-rg,) partially overlying the new red sanl!s.one called Rothes 1Qdt-Liegn1dea, 
or mica slate, or gneiss. Spessart." Compare with 248. 
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No.297. "Sandstone of the l'osges (Voltz.) It passes in several places into the variegated 
Sandstone. Neiderheins." Compa1e with Nos. 165, 166. In an Ecooomic collection in Am
herst College from eidelberg isaspcdmen (No.155) called u Gres vigarre, Heidelberg, Bade," 
which corresponds exactly with Nos. 165, 166. 

Nos. 318, 319. ''Bituminous 11Iarl Slate: the lowest of the formation of the first floetz lime· 
stone. Immediately covering the white sandstone (variety of new red sandstone) called lVeiss 
~icgendcs. Eislebrn, Mansfeld." Compare with Nos. 207, 208 and.278. This is the rock, 
which, both at Mansfeld an<l in Sunderland, contains fossil fishes. 

No. 322. "New Red Sandst01ie, or Conglomerate: immediately below the bituminous marl 
slate. Specimens thereof are not to be distinguished from many variegated sandstones. Ilesse." 
This js a variety of the Rothes Torlt-Liegerides of the Germans, and of the Gres .Ancien of 
the Fl'ench. Compare with No. 1752. Very common about the center of the Connecticut 
Volley. 

No. 323. " Rothes Todt-Liegendes: New Red Sandstone Conglomerate: including various 
fragments of older rocks of the neighboring Odenwald. Probably overlying gneiss. Hesse·" 
Also No. 156 of the Economic Collection, which is labeled, "Keuper Sandstone, Malsch, 
Bade." Compare with Nos. 134 and 1736. This is that variety of the lower beds in the Con
necticut Va1ley in which thefragments of feldspar appear to be more or Jess converted into IJor
eelain clay. It generally lies near the primary rocks, and is nearly the oldest variety of sand
stone in this valley. 

Nos. 324, 325. " Rothes. Todt-Liegendes: New Red Sandstone, or Conp;lnmerate, with 
fragm .. nts of c'ay slate, gne:ss, &c. It overlies clay sl te and transition limestone. Baden.'' 
Compare with Nos. 137, 13 ), 139. 

No. 132 of the Economic Collection, which is labeled'," Muschelkalk: Harmersbeim, Bade." 
Compare with No. 215, which is lhe fetid limestone of West Springfield. 

There is also at Amherst College, a collection of the rocks of continental Europe, amounting 
to200 specimens, put up at Heidelberg. Compare No. 94 of this Collection, which is labeled, 
"the true Zechstein, Eisleben 1 Thuringia," with Nos. 213, 214 of the State Collection, which 
are the fetid limestone from West Springfield. 

Con1pare also No. 98 of the same European collection, which is labelled, 0 Weiss legendes, 
Ruokingen, Hanau," with Nos. 136, 137 of State collection. This is the same as No. 320 of 
the European rocks already described, except that it is coarser. 

I might go on lo multiply examples of this resemblance still farther. But it is unnecessary. 
I have also compared a pretty extensive collection of specimens from the red sandstone of Nova 
Scotia with those from Germany, and I think the resemblance even more striking than in the 
rocks of the Connecticut valley: partly, I apprehend, because the Nova Scotia rocks contain 
gypsum. 

I have not had access to so fu1l a collection of specimens of the ne\v red sandstone of Great 
Britian as of Germany. So far as I have compared them, there is a. strong resernbla.nce to those 
of the Connecticut valley. 

The correspoudence between the German and New England specimens 
is most striking in that part of the formation which the Germans denonn
nate Rothes Todt-Liegendes, or red dead Iyer; which constitutes the low
est part of the New Red Sandstone Group, lying immediately upon the 
coal measures. And it is interesting to know, that all the specimens above 
referred to in the State collection, as corresponding with the Rothes Todt
Liegendes, are from the lower part of the formation in the Connecticut val-
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ley. These lower beds are much less slaty than the upper ones, and their 
color is m:>re uniformly reel. In general the ridges of greenstone 
separate the thicker from the more slaty beds. The rock above, or on the 
cast side of the greenstone, is much more various in its characters and com
position; being made up sometimes of fine shales, than of slaty sandstones, 
then of coarser sandstones, then of limestone ; and finally of very coarse 
conglomerate. 

I am aware how little depcndance can be placed upon lithological charac
ters alone, in determining the place of a mechanical rock. But if on com
paring the organic remains and the relative position of a rock, (which are 
the other important charncters for identifying it,) we find them agreeing with 
the same known rock as do the lithological cliaracters, our confidence in the 
conclusion at which we arrive, is strengthened. Let us then see how it is in 
the present case. 

2. Organic Remains. The organic remains in the reel sandstone of the 
Connecticut valley are very few, and most of them are still undetermined. 
In regard to the plants, of which a few species occur, I can only say that 
they appear to be entirely unlike those of the coal formation; and some of 
them, I think, without doubt, are dicotyledonous. Some of them may be 
large fucoids. Among the animal remains, by far the most important are 
several species of fish, of the order Ganoicles, belonging to Agassiz's genera 
Pali:eoniscus and ]i),,rynotus. Now these fish are abundant in the New Red 
Sandstone of Europe; not less than a dozen species being clescriberl by 
Agassiz in that group. Indeed, specimens from the Connecticut valley so 
much resemble some from the bituminous marl slate of Germany, that none 
but practised eyes could discern any difference. But they also occur in the 
coal formation, and, therefore, their existence in our sandstone does not 
certainly prove that it is the new red sandstone. I think, however, we 
have the means of deciding this point; as I shall show when I consider the 
relative position of our sandstone. 

I cannot but regard the paucity of organic remains in the sandstone of 
this valley, as a presumptive proof that it is the new red sandstone. For 
such is its character all over Europe. 

Another presumptive argument on the same side, may perhaps be derived 
from the discovery of the bones, not mineralized, of a vertebral animal, as 
much as five feet long, iu this sandstone, in Connecticut. These bones were 
certainly not those of fish; and I believe that hitherto the remains of no 
other vertebral animal have been found lower than the new red sandstone. 

A similar argument is derived from another fact. In no less than six in
stances have the tracks of animals been found upon sandstone in Europe ; 
and in every case except one,5~hey occur upon the new red sandstone. Such 
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impressions are very numerous upon the sandstone of the Connecticut val
ley; and the probability is strong that this ~lso is an equfralPnt rock. 

The evidence thus far is only probable, not decisive. Let us sec if the 
last test is not more satisfactory. 

3. Relative Position. As the sandstone of the Connecticut valley reposes 
directly upon primary rocks, and is covered only by diluvial and alluyial de
posits, its exact place in the complete geological scale cannot be directly de
termined. But in New Jersey, Pennsylvania, and Virginia, Professors 
William B. and Henry D. Rogers seem to have satisfactorily determined 
that this same formation lies above the coal formation. (Prof W. B. Rog
ers' Report for 1839, upon the Geology of Virginia, p. 71, 72.) Now the 
fossil fishes found in this formation at Deerfield, West Springfield, and Sun
derland in Massachusetts; at Glastenbury, Middletown, Berlin, Durham and 
Southbury in Connecticut; and of Morris County in New Jersey, belong to 
that division of Agassiz's classification, which he calls Heterocerci; that is, 
having tails with unequal lobes, and called unsymmetrical, or heteroccrcal. In 
these the scales, and probably the vertebrae, extended to the extremity of 
the upper lobe. Such fish have been found rarely, if at all, in any formation 
above the new red sandstone. Hence then, the rock containing them in 
Massachusetts, Connecticut and New Jersey, must be as old as the new red 
sandstone. But the Professors Rogers have shown that it lies above the coal 
formation. I do not see, tberefore, but it must occupy the place of the !Jew 
red sandstone; since this is the only rock between the lias and the coal. 

It may serve to illustrate this argument more fully, to present a synopsis 
of the distribution of the order of fishes which Agassiz denominates Ganoi
des; and which embraces all those with rhomboidal or polygonal scales. It 
was derh'ed from his great work on fossil fishes now in the course of publi
cation: and for it I am indebted to my young friend, Mr. John II. Redfield 
of New York, so favorably known by his researches upon the fossil fishes of this 
country. 

GANOIDES. 

l. Old Red Sandstone. 

Cephalaspis, 4 specie. .. , Osteolepis, I species. 
Gyrolepis, 1 " Tola! 6. 

2. Coal Measures. 

Dipterus, 2 species, 

Acanthodes, 2 " 
Osteolepis, 2 species. 
Cbeirocanthus, 2 " 
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Cheirolepis, 2 species. Palreoniscus, l 0 species. 
Amblypterus, 7 ''~ Eurynotus, 2 " 

Pygop .. erus, 1 '' Tolal,30. 

S. Rothe Todte Liegendes. 

Palreoniscus, 2 species. Total, 2. 

4. Magnesian Limestone and Zecltslein. 

Palreoniscus,S species. 

Pygoplerus, 3 " 
Platysomus, 5 species. 
Acrolepis, l " Total, 17. 

5. Gres bigarre, Muschelkalk, and Keuplff. 

Amblypterus, I species. Gyro1epis. 3 species. 
Eurynotus, 2 " Palreoniscus, 1 " 
Saurichthys, I " Placodus, 2 '' Total, 10. 

The species of lhe above genera are all heterocercal, Those which follow, from the lias up
wards, are homocercal. 

6. Lias, Oolite, and Calcaire Jurassique. 

Leminotus, 6 species. Lepidotus, 11 -species. 
Pholidophorus, 13 Ophiopsis, 2 
Microps, I Notagogus, 
Ptopterus, Daped1us, 
Tetragonolepis, 16 Arnblyurus, 

Ptycholepis, I Sauro psis, 
Pacbycomus, 2 "Thripops, 4 

Caturus, Leptolepis, II 

Megalosus, Sauroslomus, I 

Aspidorhynchus 6 Belonostomus, 6 

Macro~eni'Js, I Sphaerodus, 2 
Gyrodus, 10 Microcodon, 5 

Pycnodus, Total, 126. 

7. Purbeck, Wealden, Green Sand, and Chalk. 

Lepidotus, 
Sphaerodus, 

Pycnodus, 

•· 

5 species. 

2 " 
6 

Macropoma, 1 species. 
Gyrodus, 1 " 
Dercetis, 1 " Total 16. 
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8. Tertiary. 
Sphaerodus, 2 species . Pycnodus, 2 species. 

Diodon, 1 " Ostracion, 1 " 

Blochius, 1 " Calamostoma, 1 " 

Syngnathus, 1 " Total 9. 

Grand Total, 200 Species. 

In the fourth volume of the Annals of the New York Lyceum, (p. 37.) 
Mr. Redfield has described a new genus of fossil fish from Middletown, 
under the name of Gatopterus gracilis ; and he represents it, though not 
without doubt, as having a homocercal tail. But in a recent private commu
nication, he says: "In my paper upon the genus Catopterus, I stated, that 
in Agassiz's arrangement, it would come under the homocercal division of his 
family Lepidoides. This statement was made with a great deal of hesita
tion; and I now feel disposed to qualify it somewhat. The fact is, that this 
genus seems to occupy a sort of intermediate position between the two di
visions: neither being exactly equilobed, like the Homocerci, nor yet having 
the decided heterocercal character which belongs to those genera which 
Agassiz has placed in that division. But from the strong analogies, which, 
in other respects it bears to the heterocercal fishes, I am inclined to think 
it should go among them." 

Rhombic polished fish scales have been found in the bituminous slate of 
the red sandstone at Farmsville and Leaksville in North Carolina; and in 
Fauqiuer County in Virginia; and there can be hardly a doubt but they also 
belong to the same family of fishes as those above described in the states 
farther north. Nor can we hesitate, I think, to conclude that all which this 
rock has furnished, belong to the heterocerci. Now is it credible that all 
such fishes in Europe should occur below the lias, and the same not be true 
in this country. It seems to me that this fact fixes the upward limit of the 
red sandstone under consideration. And since the Professors Rogers seem 
to have fixed its lower limit, I Jo not see how to escape the conclusion, that 
it is the New Red Sandstone Group of Europe. W beth er we shall be able 
to identify all the subdivisions of this wide series of strata, I am not prepar
ed to say: though I am inclined to believe that the representatives of most 
of them will be found here. 

The great importance of the question as to the age of this sarn.lstone, is my 
apology for having dwelt so long upon it. If it be new red sandstone, it 
would not be judicious to undertake expensive explorations for coal in it: 
but rather to seek for gypsum and rock salt. In a scientific point of view, 
this decision is of great interest; not only because it fixes the age of a very 
extensive formation in our country, but also, when considered in connection 
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with the fossil footmarks found upon it, to be described hereafter, carries 
back the exitsence of one class of vertebral animals to much a earlier pe
riotl than they had been supposed to have appeared. 

Lithological Characters of the New Red Sandstone. 

<Taken as a mass,> says De la Beche: 'the group (of new red sandstone) may be considered 
as a depusit of conglomerate, sandstone, and marl, in which limestones occasionally appear in 
certain terms of the series ; sometimes one calcareous deposit being absent, as the muchelkalk is 
in }.;ngland; sometimes the zechstein, as in the east and south of France; and sometimes both 
being wanting, as in Devonshire.' 'The beds, says Dr. Macculloch,t 'are sometimes of a con
glomerate structure, at others a fine sandstone, and occasionally schistose; and in composition, 
the rock is calcareous, argillaceous, or ferruginous, or all together; presenting endless varieties of 
aspect and color! 

These descriptions correspond in general to the group which I denominate new red sandstone 
in the Connecticut valley. Our rock, however, is more deficient in calcareous matter than is usu
al in Europe : though more or less of lime is disseminated through all the members of the group; 
so that in some cases even the reddish shales slightly effervesce with acids: and might, there
fore, be properly called red marl. Nearly all the limestone in the group is highly fetid; though 
in some instances this passes into that which is bituminous; and even in to bituminous marlite. 

It should be recollected, also, that this formation is wanting in gypsum and rock salt; two 
minerals found in it almost un i,·ersally: though as mentioned in the first part of my Report, a 
minute quantity of the former has been found at West Springfield, and South Hadley. I havl', 
however, compared a suite of specimens from the new red sand:;;tone containing gypsum in Nova 
Scotia, with a suite from the Connecticut valley, and with the exception of the limestones, thty 
can hardly be distinguished from one another. Indeed, why may we not suppose gypi;um an<l 
rock salt to be occasionally wanting in this formation, as well as limestone? 

The following dislinct varieties of rock compose the new red sandstone in the valley of the 
Connecticut. 

1. Conglomerates. A conglomerate, composed almost entire]y of the ruins of granite nn<l 
mica slate, forms, in connection with a sandstone of similar character, all the lower beds of this 
formation; and these lwo varieties embrace all the rock in Massachusetts and Connecticut, that 
has usually been denominated old red sa11dst011e. The two varieties pass into each other by iO
sensible gradations, and even the finest portion of the sandstone is coarse. The strata are from 
one to two, and even three or four feet thick; and for the most part, the slaty structure is al
most entirely wanting. The prevailing and almost uniform color of the rock is red ; and eVl'n 
the imbedded nodules, when not very large or compact, are penetrated with this color. Yet 
where this rock approaches granite and mica slate, as in Bernardston, Greenfield, Deerfield, 
\\'hately, and Southampton, it is somewhat variegated; some portions being of a light gray 
color; as if a heat so powerful had been applied lo it, as partially to expel the iron, or change it 
from an oxide into some other compound. The nodules ot the conglomerate are sometimes one 
or two feet in Jiameter ; but for the most part, they are only a few inches thick. A variety oc
curs in Bernardston, Southampton, &c. (Nos. 135, 136,) which can hardly be dist;nguished in 
hand specimens from granite; being composed of fragments, but little rounded, of quartz and 
feldspar; the latter of a flesh color. Sometimes the nodules, as at sugar Loaf, in Deerfield, are 
graphic granite, whjch is ofieo quite beautiful ; the feldspar being of a lively flesh color. 

"Geological M1mue),p.3S6. 
f System of Geology. Vol. 2, p. 227. 
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ln Greenfield and Bernar<lslvn, near the junction of the new red sandslone form::ition with the 

nrgillo-micaceous slate, a conglomer~te occurs, composed of argi!lo-micaceou<J slnte and white 

quartz. This was obviously derived from the detritus of the ~late against whic.:h it rests. The 

general color of thjs rock is red; and ev£'n tbe mica slate on which it reposes, exhiLits the sn.me 

color several feet from thejunction. (Nos. 137 to 139.) 
Another variety of conglomerate, which is found only in connection with the uppPr beds of the 

new r~d sandstone, is of a dark, reddish gray color, and is composed of fragments of mica slate, 

talcose slate, chlorite slate, hornblende slate, and slaty quartz rock, with occasional nodules oi 

quartz, feldspar, and granite. Thecemenl appears to be the same materials comniinuted. This 

is the coarst"st conglomerate in the Connecticut vallf'y. It constilUtes a considerable part of 

mount Toby, in Sunderland, where the imbedded nodules are sometime~ three or four feet in di

ameter. ll extends through Montague, and at the mouth of Miller's river, as well as on the op

posite side of the Connerticut at that place, it may be exan.ined to good advantage. South of 

Sun<lerlanc.I,] have not found it, except at Durham, in Connecticut. Unless viewed on a large 

scale, this rock scarcely exhibits any stratification. The strata are sometimes eight or ten feet 

lhick. (Nos. 140 to 143.) 
At Turner's falls a much finer and morP compact gray conglomerate exhibits itself, composed 

of the same materials as the last, except that it abounds more in quartz and feldspar. (No. 150.) 

A reddish conglomerate, made up of nearly the same materials as that first described, (except 

tJmt it contains m0re slate,) abounds among the lowest of the upper beds of this formation. 

{Nos. 144 to 147.) It js not ns coarse as the last variety, and the strata are usually less than 

n foot thick. It is common in mount Toby and on the east side of mount Holyoke, in Granby. 

'Tujaceous conglomerate is another variety of no small interest. It reposes on the greenstone on 

t he ea.st side of mount Tom and Holyoke; anJ consists of a mixture of angular and rounde~ 

masses of trap and sandstone, with a cement of the same materials. The nodules are sometimes 

one or two feet in diameter, and the stratification is not very distinct. I do not doubt but the 

t;ame rock may be found on the e::ist side of nearly all the gre~nstone ranges in the Connecticut 

valley. Its thickness is but small, and 1t graduates on one side into greenstone, anJ. on the 

other into sandstone. (Nos. 151, 152, and 285.) 

2. Sa11dstJ11e. The lowest and most abundant sandstone jn this formation has been described 

with .sufficient minuteness, in connection with the conglomerate with which it occurs. It is 

used i:;omewhat extensively for architectural purposE>s. (Nos. 154 to 161.) 

A sandstone, which, at a little distance resembles that just descrjbed, is found among the up

per beds of this formation in Longmeadow and Wilbraham; where it is extensively quarried. 1t 

differs, however, essentially from the last Yariety; being composed chiefly of fine siliceous sand, 

with occasional specks of mica, cemented proLably by the red oxide of iron : for its color jg al

most blood red. Its particles, howC'ver, do not cohere strongly; ::ind this forms the only objec

tion to its use in architecture. The extensive quarries in Chatham, Ct. are opened in a some

what analogous rock; or in a variety closely allied to it. Its strata are thick and rarely exhibit a 

slaty structure. (Nos. 165, 166.) 

Gray sandstone is not uncommon in this formation; but it is found chiefly in the upper part of 

the series; or rather in the vicinity of trap rocks: as al Turner's falls, and on both sides of 

Holyoke and Tom. It is made up of coarse gray sand-sometimes of comminuted granite en

t irely, as on Holyoke-and varies in color from light to dark gray. ln some localities, ::is in Gran

by, the strata are thick, ::ind the rock is scarcely schislose; it is there used in architecture. Jn 
othe~ places, t~e strata become thinner_- On the banks of '·Vestfield river, in West Springfield, 

I noticed a variety that resembles the grrndstones brought from Nova Scotia, though it is harder. 

Gruy micace~us s~11.d~to11e'. 'When. the last variety takes mica into its composition, it be

comes more easily chvlSlble rnlo larnm<e; and "here that mineral abounds, it is very fissile. 
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Some spccirrn;ns of this kind,_ found in the vic inity of trap rocks, can hardly be distinguished, in 

hand specimens, from mica slate. ( Nos. 177, 178, 179.) Giay micaceous sandstone abounds 

at Turner's Falls, on mount Toby, in South Ha<lley, in West Springfield, &c. 

Variegated sandstmie. This is composed of allernating laminre of Iigbt and dark red sand

stone, usually somewhat rnicaceous. The layers are not very evenly ;::manged; so that their 

edges prc~st::nl rather a fantastic :ippearance. l h:ive scarc ;- 'y met with this r,1ck except on the 

banks of Westfield civer, half a mile west of the West Sprin£,field i where the ch:1r::ic-

teristics of the New Red SanJslone are than any where else in the vn!l~y 

of lhe Connecticut. The forms thick and workable strata. But un-

fortunately the rocks at that place are now almost entirely concealed by lhe detritus of the '"' est

ern Rail Road. 

Brecciated sandstone. This is composed of fragmer1ts of micaceous sandstone, which seem to 

have been partially fused and then reunited. lt is almost as hard a.s siliceous slate. It is found 

about a mile east of Turner's falls, on both banks of Connecticut river~forminir a stratum some 

20 feet wide. The stratification and schistose ~tructure are very obscure : but on the nor1h 

shore, the layers have evidently been forced upwards, so as to give them somewhat of a spheroid

al form. I hence infer that a mass of unstrat ified rocks, probably greenstone, lies beneath the 
sandstone at no great depth; and that when this was forced upwards in a melted state, it partial

ly fused the sandstone. (No. 174.) 
Red 111icaceous sandstone is not unfrequently a member of this formation. The grain is usu

ally fine, and indeed, lt commonly approaches very near to shale, into which it passes: yet much 

of it is too coarse and contains too much siliceous mallet• to be called shnle. It is very common 

along the east side of ridges, as at Turnel''s falls and in West Springfield. It is 

quite remarkable for divided into rhomboidal masses, or joints. On the north bank of 

Westfie!J river, in West this division is remarkably distinct, and the surface of the 

aspect. The same is the case in the nol'lhe<lst pa1t of 

(Nos. 191, 192.) 

3. Shales. (Nos . 199 to 204.) Under this term I include all the varieties of argilluccC1us 

slate, sometimes called slate clay, found in connection with the secondary ro1.:ks. And in .Ma3sa. 

chusetls such slate occurs only as a member of the nt!w rc<l sandstone series : of that formntion 

it constitutes a very impc.rtant part. Jts colors are gray, red, and black; and io hardness it varies 

from that of tender schistose marls, to a degree of indura.tion appro::;,ching that of siliceous slate. 

The red variety is most abundant: especially in the region of Enfield and Hartford, in Connecti

cut Sometim~s it takes mica and sand into its composilion, and then passes into the red mica· 

ceous sandstone, as already remarked. \lfhen black, it is gf·nt:-rally bituminous, as at Sun<ler· 

land, and at .Middletown, Connecticut; where are found upon it the impressions of fish and "f"S· 

etables. Some of the black colored s!::ite, as at Turner's falls, splits into irregular, somewJ1a t 

wedged shape pieces; and inc\P--ed, easily disintegrates and falls to pieces: when it resemWes com· 

minule<l con.I. IL frequently contains sulphmet of iron; which by decomposition, caust>s the 

slate 10 e:-:foliate: in some places, nlso, as at Tqrner's falls, and on Chicopee and Westfield riv

ers, this shale abounds in nodules of arg1llaceous iron ore, of a poor quality. Some of the 

bin ck non-bituminous shale of this formation, has almost lost its slaty structure in the proces~ of 

induralion. Thin pieces of it give a ringing sound when struck. This variety abounds in the 

vicinity or Turner's falls : as, indet:d nearly every other variety does. There we find a gray va

riety,\\ hich is so soft that it may be imprt!ssed by the finger nail. 

On Westfi~ld river, in West Spril]gfield, both the red and black shales aretra¥ersed by numer

ous veins or satin spar; itself often of a reddish hue. They are rarely more than an inch wide, 

but often scvernl feet long; :rnd run uniformly across the Jamin~ of the slate. 

In the same place the black shale, as well as the bituminous marlite, and some varieties ofolaty 
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sandstone, contain masses of septaria, or the L-:J.dus Helmonlii. They rnry in size from an inch to 

5 or 6 inches in diameter, and are usually flattened or reniform. The envelope appears to be 

an argillo-ferruginous magnseiau limestone; and the cavities are lined, and sometimes filled, l>y 
·whitecalcareous spar. The interior is divided into irregula.r masses, or sometimes into polygo

nal prisms. 
The hypothesis which imputes the cavernous structure of these argillo-calcnrt:ous masses to 

1.b3iccation, and the subsequent filling up to the infiltration of carbonate of lime in a state of so

lution, seems to me liable to few objections; and, indeed, is quite satisfactory. But I have al

ready given it somewhat in detail, when speaking of columaar argillaceous iron ore. 

4. Limestones. (Nos. 205 to 216.) When the black bituminous shale, thal has been de

llcribe<l, takes into its composition enough of calcareous matter to produce effervescence with 

acids, it becomes bituminous marlite. lt is not very common in this sandstone formation. Yet 

one finds it in considerable quantity on the banks of Westfield river, in West Springfield; an<l l 

have ascertained that the stratum of slate in Sunderland, which contains the best preserved rel

ics of fish, is bituminous marlite. Although tMs rock contains but a small proportion of calca

reous matter, yet it certainly does not deserve to be described as a distinct rock; and it may be 

conveniently mentioned under the head of limestones. 

Strongly fetid Limestone occurs, interstratified with the micaceous sandstones of this formatiorr,. 

at two places in the northwest part of West Springfield. At tbe most northern locality, I no

ticed only a single bed above ten feet thick: but two miles south from that spot, several beds, 

not far apart, may be seen, associated with greenstone, as well as sandstone. The rock at both 

places is of a dark gray color and nearly compact. Its fetid odor when struck, is exceedingly 

strong, so as even to produce nausea. It is wrought to some extent for water proof cement. 

(Nos. 213 to 215.) 

At Paine's quarry of fetid limestone in West Springfield, a mass of greenstone comes in con

tact wHh, or very near, the limestone: and the consequence is, that a portion of the carbonic 

acid has Leen driven off, so that the rock appears to Le the genuine tripoli of European writers. 

Sometimes it is easily crumbled down; and in uncovering the limestone, great quantities have 

been mixed with the soil and of course ruined, or nearly so. I am inclined to think that the 

heat has produced some other change besides the mere expulsion of the gas : but I am not pre

pared to say in what it consists Suffice it to say, that specimens may be found in all states of 

aggregation, from the unchanged limestone to powder. Nor can 1 doubt but the proximity of the 

igneous rock has been the chief cause of the production of the tripoli. 

I doubt whether much genuine bituminous limestone exists in the new red sandstone in l\.fas

sachusetts. Yet when the bituminous mar1ite takes a large quantity of lime into its composition, 

it becomes bituminous limestone; and perhaps some of this variety may be found in \Vest Spring

field. It is also said to occur in Southington and Middletown, Ct.: and the fetid limestone, also, 
(all of them connected with the new red sandstone,) in Northford, Ct. 

At Turner's falls, on the north shore, I found, a few years ago, a stratum of coarse argillace

ous limestone, a foot thick, which was neither bituminous nor fetid: but the subsequent remov
al of the dam over Connecticut river, has covered the spot beneath the waters. 

On the banks of Westfield river, in West Springfield, we find layers of what appears to be an 

argillo-ferrnginous limestone, interstratified with the slate, and only a few inches thick. \Vflere 

the water has laid bare this rock, il sometimes presents tlie whole surface divided into small prisms 

of only a few inches in diameter and length, whose axes are perpenilicular to the planes of the 

strata. They have four or more sides, though irregular, and their sides do not touch. They 

appear to have resulted from the same cause as the septaria already described ; and to be in fact 

only a variety of septaria. These layers, I am sorry to s:>.y are now covered with the detritus 

of the railroad, except at a spot perhaps 100 rods above Mitineaque Falls. 
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Upon the finer t•arieties of this fonn:ltion, ripple marks are very common. In general lhey !IO 

exactly resemble those gentle un<lubtions, co:nmon upon the shores of existing rivers and e~tua

rie.s, that the most dctcrmine<l skepticism cannot resist the evidence of their iden tity. The 

ritlgcs and hollows vary in width from one quarte r of an inch lo al ll!ast two inches. At \Vcth

ersfield I noticed a singular vadcty, which is .shown on Fig. SS. The principal groon·s 
nre more than an inch \\ ide; and th~ ridges intervening between them, are not rounded as 

is usual, but sleep, so as to become wedge shaped; and their tops form sharp edges. But the 

most remarkable peculiarity is, that at the bottom and in the midcllc of the principal furrowf, 

there is a small low riJge, corresponding in direction nnJ general character to the principal ridgr.s . 

Did these low ridges occur only occasionally, it would not be remnrkable. Ilut they regularly 

alternate with the larger ones, and ilre almost exactly midway between them. These facts show 

the agency of some law in their formation. But I am unable to conceive to wh<1.t peculiarity in 

the niovcm<'nl of the water, they owe their origin. 

Fig. SS. 

From this sketch of the lithological chuaclcrs of this group of roch, it will be easy to d1~tin

gui11h betwc<'n the lower beds, which have heretofore Leen consi<lercJ as the old red Fi:.ncistooE>, 

and the upper ones, l~hid1 ha\·e been called a coal formation. The lower beds arc distinc:ly 

57 
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1trati6ed, but rarely slaty; whereas the upper ones arc usually so: although some varieties o( 

conglomt!rate, scarcely exhibit any marks even of s'ratificalion. Ill the lower beds is no shale. 

'fheir color is almost uniformly some sh:lde of red: but as already shown, the upper beds are of 

various colors and shale is abundant. 
The greater abundance of granite nodules in the conglomerate of the lower beds of this forma

tion, than in that of the higher, has led some geologists to regard them as belonging to distinct 

formations. But as a general principle, it will not answer to conclude that conglomerate to be the 

ale.lest rock, which contains rounded masses of granite. For a deposit of granite might be so 

situated, that an abrading current would tear off large quantities of it, while much later rocks 

might flank its sides in such a manner as to be almost entirely protected from tht:: water. Tho 

recomposed rock hence resulting, would, therefore, contain granitf' nodules chiefly. \Vhereas it 

might be that the more recent rock above spoken of, once covered the granite and was worn away 

by an agency that could not touch the granite. Hence the earlier mechanical rock thus pro

duced would consist chiefly of fragments of the schists. Besides, geologists now generally admit 

that granite is a later rock than most of the primary ones; and sometimes even of the same age 

M the highest of the secondary; since there is evidence that it has been protruded through the 

chalk: and finally, in the present instance, some of the lowest beds of the sandstone under 

consideration, are composed of fragments of the latest of the primary stratified rocks in the re

gion; as in Bernardston and Greenfield, where the conglomerate is made up chiefly of argillo-mi
caceous slate. 

Extensive mnges of greens tone are connectP.:d wilh the sandstone of the Connecticut val1ey. 

But I need spend no time, in the present state of geological science, to show that trap rock can

not be a member of the sandstone formation, and that it was subsequently introduced. Its 

characters and relative position will be described when 1 come to speak of the unstratified rocks. 

Topography of tltis Formation. 

With a single exception, all the new red sandstone hitherto described in New England, lies in 

that part of the valley of Conn('cticut river which extends from New Haven lo the north line of 

Massachusetts: and in this State none is found out of that vallf>y. An inspection of the 

Map, which marks out this valley, on Fig. 49, will convey a definite idea of the space 

covered by this formation. For the hills which are tht'rc represented as bounding the val

ley, commence on the outer edge of the sandstone. All the included space is sandstone, e,.cept~ 
ing those ranges of hills which arc drawn within the valley, which are grrcnstone. 

The single exception above referred to, embraces a valley 10 or 12 miles long, extending from 

Woodbury to Southbury, in Connecticut, along a branch of the Bousatonic river. There we 

find the same varieties of sandstone, accompanied by analogous greenstone, as in the valley of the 

Connecticut. The two valleys are separated by a high ridge of primary rocks, through which 
they have no lateral communication. 

As the general direction of the strata of the new red sandstone in the valley of the Connecti

cut is north and south, inclining a few degrees east, and the dip easterly, it will follow that the 

the lower beds of the group must occupy the western part of that valley. And I ha,·c already 

rema1-ked, that the greenstone ridges generally separate the upper from the lower beds. In Gill, 

Greenfield, and on Alount Holyoke, however, the observer will see schistosc sandstones crop· 

p111 out beneath the greenstone; though in receding w~sterly from the greenstone he will fin<l 
the slaty character of the rock soon to disappear. 

In tie central parts of the Connecticut valley, from South Hadley nearly to Middletown, the 

tbalrs and finer sandstones pre\'ail almost e.tclusively; so that in cxcavatinz 15,000 cubic ynrds 
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ot stone at Enficl<l Falls, not a pebble as large as an acorn was observed.• The prevailing 

color of the slate in that region is dull red or chocolale; and being easily decomposed, it imputs 

a like hue to the soil. 
The coarser an<l the finer becls do not, however, in all cases, occupy separate portions of the 

valley exclusively; but in many places they are interstratified in almost endless \·ariety. The 

6ection laid Lare by the Connecticut, for three miles ahO\'C, and nearly a mile below Turner's 

Falls, of which a sketch will be givcu in treatin6 of grccnstone, presents a good c:..ample for ex

amination. The coarser varieties, however, arc not so abundant tht!re, as at Mount Toby in Sun

derland. On the west sit.le of Connecticut river, opposite Sunderland, Deerfie!J mountain ex

hibits nearly every variety of the lower beds of the formation. LeL the observer pass to the 

cast bank of the river, at Wbitmorc's ferry, three miles north of Sur1derland village, and he will 

land upon a }edge of the coarsest conglomcrale that has just been described. Lying directly 

above this, and dipping a few degrees easterly, as do all the strata of l\fotJnt Toby, he will find 

the black bituminous shale containing impressions of fish, 10 feet thick. Jmme<li:ltely above 

this, succeeds a coarse conglomerate, scarcely differing fr,)m that beoeath, and forming a mass 

200or300 feet thick. Proceeding southeasterly to the top of Toby, not less than 900 feet above 

the river, he will find numerous alternations of the coarsestconglomerateswith the finest red and 

grey sandstone; or rather shales. And the passage from one variety to the other is not in gen

eral gradu::i.l, but suJl~::i; so tll:lt the line between the finest and coarsest mater:als is well 

marked. 

It is very ob"ious, in such cases, that the finer byers of the rock must have been deposited in 

still waters, and the coarser materials ha\'C been the result of po\'11erful abrading currents. 

From the nature of the materials composing the different beds, it appears also, either that the 

currents which collected the detritus, must have come from various dirnctions, so as to pass over 

different rocks; or in the same channel, difiCrent rocks must have been worn through. The lat

l'?r supposition is probably the true one. There is one other, however, that may be suggestt>d. 

'Where the current was violent, it might ham brought detritus from a much greater distance 

than when more quiet. By the two modes last suggested, we may explain the changl" of materials, 

and various d('grees of fineness, without supposing any essential alt('rationio the direction of the 

stream that collected them together. 

Dip, Strike, and Thickness of the Strata. 

Although subject to local variation from local causes, yet the general dip nnJ strike of the 

strata of this formation are quite olwious. The direction is not far from north and south, and the 

<lip easterly, at :mangle from IOQ to 20°. Fifteen degrees is probably about the medium dip: 

and the prevailing direction is a few degrees east of north. Jn particular places, however, the 

dip is fount.1 at all angles, from OQ to 80°. This is remarkably the case in the vicinity of Tur

ner's falls j as may be seen on the section or that place to be given farther on. This extraordi

nary clip, howe\'er, appears to be easily explicable from the proximity of greenstone ant.1 granite; 

ns I shall attempt lo show \\hen I come to treat of those rocks. Near the eastern extremity of 

Mount Holyoke, also, these rocks mount up on the ridge of greenstoneat an angle of 55° or 60°. 

Here too the direction of the bas~ct edges is about nort w; st and eouthwest. The presence 

ofgreenstoncin this cas.e, also, as I shall attempt to show, will explain these anomalies. Jo the 

west part of Wcstlield, and near the ceuter of Hatfield, the lower beds of this formation have 

u dip to the west, of about 10°. The same is also the case in Bermudston. In the north part of 

• .Mr A. S.nilh on the Conneclicut valley, Am. Jour. Science 1 Vol. XXJJ. p. 220. 
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Iladley, I have observed slrata running nearly ensl nnd west, and clipping 10° north. The prob

able presence of granite at no great depth in all these cases, will readily account for these 

exceptions. 
Although the new red sandstone must come in contact with the primary rocks on both bor

ders of the Connecticut valley, yet l have discoverC'd the aciual junction only in one spot. Half 

o mile south of the 'Glen,' or Gorge, in Leyden, near a saw mill, the peculiar conglomerate 

made up of argillo-micaccous slate and quartz, reposes upon that slate, and has a dip to the 

~outh from 2oei to 30Q; while the slate is nearly perpendicular, and the strike of its edges 

nearly north an<l south. Admitting the elevation of the slate subsequent to the deposition of 

the sandstone, the southern slope of the edges of the former in Leyden, will explain the southern 

dip of the latter at this place. 
The following are the dip and strike of the new red sandstone in several places in .Massa

chusetts, where it does not seem to have been subject to local deviations. 

Between West Springfield, an<l Westfield, along Westfield river, east of the grecnstone; di

rection, north and south; dip, 15° to 'Z0° east. 
Mount Tom and Holyoke beneath the greenstone; direction, north and south, inclining sever-

al degrees to the east of north, dip J5::. to 20° east. 
Most northerly lime quarry, WestSpring6eld: direction north and south; dip, J5° east. 

Rock Ferry, (S. Hadley, at Titan's Pier) i direction, nearly north and south: -dip, 20° east. 

Sunderland ; direction, generally north and south : dip, between 10° and J5ci east. At 

Whitmore's Ferry, however, the stratum containiug the ichthyolites, 1s nearly horizontal; but 

this is overlaid by sandstone, dipping east from 5° to J0°. 

Deerfield; (Sugar Loaf and Deerfield mountain;) direction, north and south; dip, J0° to 
15c;i east. 

Do. at Hoyt's quarries, in the west part of the town; dip, 15a to 2oa east. 

Greenfiekl ; near the village; dip, 2oa to 30° east. 
N. Wilbraham, east of the village, strike N. ;ind S. dip E. 

Longmeadow, E. part; strike N. and S. dip 10° to 2oc:i E. 

Other localities might be cited, but it seems unnecessary. It ought, however to be mentioned, 

that as we go south into Connecticut, where the breadth of this formation increases, we find the 

dip to decrease; so as in many places to be almost nothing. In the vicinity of unstratified rocks, 
however, it presents much irregularity. 

Mineral Conll!nls. 

Coal and Copper- These are the two most important minerals in an economical point of 

view, hitherto found in the new red sandstone. But] full an account of them 

ia the first part of my Report, that little more ueetl All the veins of copper 

there described, r~n nearly north and south; indic:ating some common cause from which lhey 

ori~inate<l. That on one of the islands in Turner's Falls, has a westerly dip of about 45a ; 

whde the strata of sandstone dip easterly al the same angle. Around this small \•ein, on tbe 

eclgt-s of the sandstone strata, I noticed numerous lenticular crystalizations of carbonate of 
ircn. (No 240.) 

Lead, Zinc, and Iron. At Paine's quarry of fotid limE'stone in \Vest Springfield, J rioticed 

smnll quantities of galena; and at Me:ichem's quarry, a little north of Paine's, I saw bl~nde. 

Nodufar limonite is sometimes found in the shale at South Hadley Canal, Turner's Falls &c. 
but in too small quantities to be of any importance. ' 

1 
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Iron Sand. Bushels of this substance, highly magnetic, may sometimes be collected on the Mon

tague shore of Connecticut river, 4U rods below Turner's falls Probably it proceeds from the di!r 

integraticn of the nt::w red ~andstone at the falls. Some of the iron-colored ~rains are not magnetie 

enough lo be taken up by the magnet and resemLle iserine. It is also very common to meet with 

iron sand on the Eihores of the Connecticut in Hadley, where I bave collected large quantities. l 

am not sure however, "' hether this as well as that in Montague, does not originate from the 

diluvium, and not from the rt>d sandstone. 

Sulphate of Baryla. This mineral, accompanies the veins of copper ore in the new red sand

stone in most instances, both in l\fassachusetts and Connecticut. In this State, it is most abun-

dant at the copper veins in Greenfield; where it forms veins from six to eight inches wide. 

Fibrous Limestcne, or Satin Spar. The red and blrrck shales, on the banks of Westfield ri,·er, in 

West Springfield, contain numerous veins of 'this substance from an inch to a mere line wide. 

Somelimes it forms a thin seam between the layers of slate. The same mineral occurs along 

with thP. fish impressions at Sunderland. Common cakareous spar exists in these locks as well as 

sntin spar; and Prof. Shepard says also, that the ankerite occurs here. 

Stalactical concreted carbonate oflime is frequently found in this formation. At West Spring

field I found it an inch or two thick between the layers of sandstone, near the southern bed of fo

tid limestone. At the Sunderland c3ve, it forms small and imperfect stalactites on the coarse 

- conglomerate : and on the same conglomerate, on tbe east side of mount Toby in Leverett, ] found 

n large quantity of it coating over a perpendicular" all several inches thick. (Nos. 226 to 230.) 

This had obviously bt'en derivr<l from the conglomera.tc by water; and it shows that carbonate 

of lime is more frequent in this forn.ation tha.n one ·would be led to suspect fr(Jm its general :ip

pea.ra.nce. 
Su.lplrnle nf Limr., etc. Rev. E. Davis, states that this interesting mineral exists in sm:ill 

quantity on the banks of Westfield ri1i·er, in West Springfield. I have found it also, in the form 

of selenite, on gniy sand stone a.t South Hadley Canal, in quite small quantity. These facts are 

sufficient to encourage farther research after so valuable a substance. 

1n sqme of the seams of the fetid limestone a.t West Springfield, I have noticed thin layers ot 
purple iluate of lime. 

It ought not to be forgotten, that in Europe, the new red sandstone group is one of the depos

itories of salt and gypsum, as well as the nch mines of mercury in Carniola; nor ought it to bo 

supposed that our new red sand stone has been examined thoroughly enough, to render it certain 

that Lhc same minerals do not exist here, 

)tis now also pretly well ascertained, that the diamond mines of Golconda and Panna in India, 

and those in South America, occur in a conglomerate belonging to the new red sandstone.• 

And when we considtr how easily one might OYerlook so rare u substance as diamond, obset· 

vers, I should hopP, will rccolkcl this foct in their future examinalions of this rock in Massa. ... 

chusctts. 

Organic Remains. 

Though the amount of organic remaius found in the new red sandstone be 
quite small, an<l though I am much perplexed in regard to the specific na
ture of many of theru, still a few of them posse~s a \'ery great interest, 

• ConJbenre's Report on Gl!olog}',(1832
1

) p. 395 and 39S. 



450 Scientific Geology. 

and will need great minuteness of description. They belong to the 
two great classes of organic nature; viz. Vegetables and Animals. 

J. VEGETABLE REMAINS. 

Perhaps the most common form in which vegetable relics occur in this 
formation, is in broken fragments, rarely more than a foot or two long, and 
generally not more than one or two incbes, but sometimes six inches wide. 
These are ·sometimes branched and consist of a thin layer of coal. They 
exhibit no striae of importance, nor joints; and I am inclined to regard them 
as the fragments of dicotyledonous plants-probably terrestrial-that have 
been drifted into their present position by currents. Certainly they very 
much resemble fragments of existing vegetables, which now occur in the 
bottoms of rivers and estuaries. The localities where I have noticed them, 
are on the large Island at Turner's Falls, at the locality of ichthyolites in 
Sunderland, on Agawam river in West Springfield, and e;pecially at a local
ity of fossil footmarks, to be hereafter described, in the southeast part of 
Northampton, on the banks of Connecticut river. At the latter place, some 
square rods may be seen almost covered by these fragments. ln most of the 
localities the rock is a rather coarse micaceous sandstone. 

In some instances these relics appear to be flattened stems, whose surface 
is covered by carbonaceous matter, and the central parts are occupied by 
siliceous matter, not differing from the sandstone, or shale, in which they oc
cur. Often the layer of coal is quite irregular, as if it penetrated the stem, 
as well as to enclose it. Sometimes also the internal axis or heart of the 
vegetable, is visible. 

Another set of organic remains in this sandstone I have been inclined to refer to marine 

plants: some of them, pe1 haps, to fucoides. Jn general little more than the impres~ion of 

these iemains is left upon the rocki without any carhom:iceous matter. Sometimes, however, a 

flattened stem occurs, which will separale from the rest of tbe rock; but is of the same com

position, except some difference of color at the surface. These stems are rarely more than an 

inch iu diameter; but they are oflen 6 or 8 feet in lenglh; and retain their size throughout. 

They rarely lie on a right line in the rocks, as a solid stem of a dicolyledcnous plant would do; 

but in a serpentine direction ; such, for instance, as the flexible foot stalk of a large U!va woul<l 
be apt to assume. 

Plate 29 Fig. I, exhibi~s a plant sometimes met with on the red shale of this formation. 

It is little more than a.u impression. But J fancy that the margin shows the small vesicles of n 

fucoid. This specimen was obtained at the Cove in Wethersfield in Connecticut. 

Fig. 89, exhibits a specimen very common on the hard black shale of Cabot ville and Chico· 

pee. It resembles exceedingl,r a species of Jiving Lemania, which now grows on the rocks at 

the bottom of Connecticut river, and l have little doubt but it is allied to that genus. The 
drawing cannot exhibit its minuter characters well. 
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Fig. 89. 

I have met with specimens of P1ate 29, Fig. 2, at the ichlhyolite locality in Sund~rland, 

and at the bridO'e over Conn('clicut river in Enfield, Ct. I t resembles somev1--hat the rachis or 
a dicotvlcdonou~ plant. Possibly it may be a Voltzia. 

On ;he hard gray sandstone at the Cove in \Vethers'ield, is sometimes an appearance in ro· 

lief, resembling very large and long leaves of the living Aloe. I saw one specimen \vhich 
seemed to be a flattened relic of this sort, six inches across at its base, and 4 or 5 foet long. 

Usually they are not more than two inches wide, and perhaps two feet long. They rapidly CO· 

large nea r the base, doubling their diameter iu the space of a few inches. They taper upward, 

also, quite fast, and come nearly or quite to a point. They do not appear to have been perfect· 

Jy cylindr ical; if I can judge from the deep longitudin:il furrows which they sometimes show on 

their surface. There is no carbonaceous matter remaining; but tlw whole jg changed into 

sandstone. , 

Frequently, but not always, connected with the relics just d~scribed 1 and spread o\·er tha 

stone all around them, are shaped small bodies, entirely converted into stone. 

T hey are sometimes two or three long1 and are not usuaUs simple : but similar spines 

proceed from opposite sides, though shorter and blunter than the central one. They common· 

ly lie nearly parallel to one another, with their points in the same direction. It seell's difficult 

to avoid the conclusion, that they are the leaves of some peculiar plant, and probably of that do

scribc<l in the precee<ling paragraph. Plate29,Fig. 3, shows a surface of a few inches ou a 

::;pecimen from the Co\·o iu Wethersfield; which is the cnly locality where I have noticed this 
yery distiuct relic. 

From the same place I have a specimen of fine red sandstone, containing an impression, which 
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I h:i.vc endeavored to represent on Plate 29, Fig. 4. The surface of the rock, has been consid

erably acted upon by the weather: lmt there is a distinct appearance, as if several fealhNs h:id 

tcfl the impression of their fibres on the stone: an<l if I do not mistake, tlwy proc ed from the 

sounded termination of some plant; alt~ough this is not w~ll defined: somew at like the leaves 

upon the terminal brnnches of the Lepidodt·ndron. I have never met with another specimen. 

Fig. 901 shows a peculiar vegetable relic which has the general appearance of a fern. But the 

rock on which it occurs is a coarse i:;rey sandstone ; and the on!y specimen J have been able to 

obtain, had long been weathered; so that if the delicate leaflets of the frond of a forn did once 

exist upon it, they cannot be now traced. All that can with cerlainty be traced, is a principnl 

uis, from which frequent and exactly opposite branches proceed, more than an inch long. Thia 

specimen was taken from a quarry in MonlJ.gue; 100 rods northwest of the bridge over Con

necticut ri\'er, leading to Greenfield. I was told that such relics are not very unfrequent there: 

but I have tried in vain to obtain a fresher specimen. 

Fig. 90. 

The original from which Fig. 5, Plate 29, was skctche<l, was found at the Falls io Sou:h 

Hadley, among t1
1e fragments thrown out in excavating the Canal; and it is not very uncommon 

there. The Jra.wing coa\·Pys but a poor idea of the specimen ; because it does not show a great 

number of cxcceJingly minute fib;es, corresponding in their general direction to the larger ones. 

t ha\·e somelim~ suspected that the irnpre;;sions may hn.ve !Jeen that of some la.r~c thin mcm

br::rne or a marine vegetable, full of some sort of vessels, or veins. Dut I rather-incline to th" 

belief, that it m:iy ha\'C resulteJ from a great number of such specimen:; as I have already Px

hibite<l oil Plate 23 Fig 1 : for so::ne of the larger veins Oil Fig. 5, appear to be margine<l by 

iiUCb an appcar::ir.c~ as fig. 1 e:..h.b1ts. 
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0;-i Fig.!) I, is a!1 apj>Carance not uncommon on the tine re1l sh:i.le at )ifid<llctown atHl E nflclJ 
in Connecticut. Generally there is no appearance as if any body of much thickness had Leen 
eaclose<l; but a few slightly clevateJ ridg~s, a little resembling the ribs of a small animal , appt: ar 
upon the slate, and that is all. Yet in one specimen, which I obtained from the quarry in Suf
field, near Enfidd Bridge, a protuberance, more than an inch high, 3 inches across, and 6 t•r b 
inches long, appears with several singular projections on one side. This I have attempted l ll 

show on fig. n2. The resemblance of the singular appendages on the left hand margin of thi:, speci
nwn, to those on fig. 91 1 has leJ me to place them together. As the specimen was rcmvHd from 
the quarry before I saw it, I cannot say whelher the protuber:i.nce was on the upper or uudtr 
~i<le of the stone, as it lay in its natural position. 

1 have little doubt I.mt both these specimens are fucoids: or rather a part of the frond of ar. 
.Algae. For the resembbnce of Fig. 92 to the Fucoide1 Selaginoidc1 and Lycopodio-idcs of 
Adolph Brongniart, ( Jlistoire des l'"e9etau:r Fossiles, Lii:raison l. Pl. 9,jig. 2 and 3,) is so strik
ing, that I am almost persuaded to propose for it, as it is obviously a new species, the name of 
}~1coides Cormecticutensis. It is well known that analogous sea weeds (as Macrocystil pyrifera,) 
have vesicles filled with air at the base of each leaf. And if we suppose the plant on :Fig. !J2, to 
have had a large vesicle at its base, when it was buried in the mud, it might have made an im
pression before the escape of the air: But when, as it decayed, the air escaped, the envelope 
would settle into the cavity, so as to give the impression in the rock, such as is described abo\•e. 
Xumerous small leaves, like those shown on the edge of Fig. 92, were scattered over the sur
face of the stone, but insulated. 

Fig. 91. 

On Fig. !J3, is shown asptcimcn th:it occurs on the dark hard shale of Chicopee river at Chico
pee Factory Village in Springfield. Often it has a bifid, and sometimes a trifi<l division, and the 
~urface has the granulated aspect of an organic relic. ] have little doubt but it is a vegetable ; 
perhaps a fucoid. 
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Fig. 92. 

Fig 93. 
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On the sl~a:c at the locality of kssil fish in Sunderland, occurs a specimen of which some idea. 

miJy be formed from Fig. 94. The ]ayers of the rock are penetrated perpendicularly by cylinders, 

from a quarter lo half an inch in diameter, scarcely differing from the rest of the rock, except m 

being more ferruginous and softer at the center, which is frequently perforated by a very minute 

hole, running through the specimen. These relics a good deal resemble those peculiar concre

tions that have been described as occurring in diluvial clay, and some of which are figured oo 

l'Jate IS, figs. 1 to 9. 

Fig. 94. 

ln the lower beds of the new red sandstone in Deerfield and Greenfield, occurs a peculiar relic, 

v.·hich I figured and described in my former Report, under the name of Fucoides Shepardi. In 

regarding it asa fucoid, I followed the opinion of Dr. Morton of Philadelphia. Dr. Harlan after

wards contested this opinion with much force; and as I have obtained no new light on the sub

ject, I confess myself exceedingly undecided as to the real character of this relic. All I shall 

do, therefore, is to repeat the description given of it in my former Report. I have failed of ob

taining in season for this report, the opinion of a distinguished foreign fossil botanist, which I 

should esteem of great value in a case where able naturalists of our own country disagree, and 

which I confess myself unable to decide. Fig. 95, will give some idea of these remains 
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Fig. 95. 

This relic rnries in size from one tenth of an inch to an inch in diameter. 
More commonly it runs through the rock in a direction corresponding to 
that of the laminre ; in which case it is considerably flatteneil. Sometimes 
it passes obliquely through the layers, anil very commonly crosses them at 
right angles; in which last case it has a cylindrical form. It is rare to see a 
specimen of any considerable length, that is not more or less curved; and I 
ham never met with one that was branched at all. I have noticed 
specimens a foot or more in length, and they may be much longer than this, 
since I have not met with any large mass of rock containing them. The 
sandstone in which they arc found is rather fine and quite soft, and easily 
disintegrates. They occur near Hoyt's quanics, one mile west of the village 
of Deerfield; and also a few rods south of the County jail in Greenfield, 
close by the stage road, aucl on the road to Bernardston a mile north of the 
yiJlage of GreenfieH 

The vegetable matter in these remains is wholly replaced by sandstone. 
By breaking the specimens transversely a curious structure is re\ calcd. It 
may be described, by saying that the cylinder is made up of convex layers 
of sandstone, piled upon one another: and I observe that in the same rock 
all the specimens have the convex sides of these layers in the same direction; 
so that on one side of the rxk you will see numerous button-like protuber
ances, and on the other side corresponding concavities. (No. 258.) Hut I 
<lo not know which side is uppermost in the rock, in situ. 

Fossil Trunk of a Tree. 

I saw this interesting relic se,·eral years ago, in Dr. Smith's collection in 
Southbury, Ct. It was obtained in that place in the sandstone formation ex
tending from ·w oodbury to the IIousatonic; which, although separated 
topographically from the new red sandstone of the Connecticut valley, ap
pears to possess precisely the same characters. The specimen to which I 
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refer was cylindrical, eight or ten inches in diameter, highly siliceous, and 
exhibited the bark very distinctly; which if I do not misrecollect, was 
carbonaceous. It was discovered in a swamp, and a laborer, mistaking it for 
a stump of a recent tree, struck it with his axe ; and being vexed at the in
jury his instrument received, be in revenge broke it almost to pieces. The 
unbroken fragment in Dr. Smith's possession, however, was several inches 
long. 

I shall here clescribe an unique specimen of vegetable remains, although it does in fact occur in 
trap rock. But I suppose the trap to have been originally sandstone, which has become trap by 
partial or entire fusion. It differs from the common grecnstone of the Connecticut valley chief
ly by being more argillaceous. Yet it has the hardness of greenstone, abounds even more in 
crystals of feldspar, and contains prehnite and other minerals usually found in the greenslouc. It 
forms beds of considerable thickness on the eastern or upper side of the greenstone, where this 
rock is overlaid by sandstone, or rather shale. It is in bowlders of this rock in Amherst that I 
frequently find what must be regarded as vegetable remains. They consist of cylinders of stone, 
sometimes a little flattened, and oflen two inches in diameter, running through the specimen. 
Fig. 96, shows a specimen of this sort ·whicb is 24 inch"s long. In other parts o[ the same 
specimen were two other stems of nearly the same size and appearance. One half of this bowl
der, l have deposited in the State Collection, the other half in the Cabinet of Amherst College. 

Fig. 96. 

'These cylinders resemhll~ the stems of plants, found frequently in the coal and other formations, 
except th1L they ~how no appearance of bark or organic Structure: for th.ey are in fact converted 
i.ito vesicular amyydalcrid, lhe cavities of which are empty. They hence resemble vesicular 
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lava: and yet their cylindrical form is preserved. None of the surrourn.l;ogrock is amygdaloidal 

or vesicular. They can be separated without difficulty from the matrix. 
It ought to be mentioned that these cylinders are largest at one extremity and gradually taper 

to the other; and this fact, with thE"<ir strong resemblance to silicified stems, and their paru!Tcl 

position in the rock, and I may add, my entire inability to explain them in any other way, have 

produced the decided conviction that they ha<l a vegetable origin. I suppose they at first became 

enveloped in sandstone into which they were converted, as is common. Then this sandstone 

was subjected to so strong a heat as to change its structure and nearly obliterate the lines of 

stratification, (for these are not entirely gone,) and also to change the siliceous sterns into amyg

daloid : but yet the heat was not quite strong enough to destroy the form of the stem, as 

would have been done had the rock become entirely fluid. That maHe.r may change its in

ternal structure without complete igneous fluidity, seems now to be a well established fact. 

The reason why the stems became vesicular, while the roC"k around is not so, is probably 

because the former contained matter easily converted inlo gas, while the latter did not. 

The facts which I have detailed respecting these specimens are very remarkable, andlso far as 
I know, unique in geology. If any doubt my exposition of the case, the specimens will speak for 

themselves, and must be regarded as curious examples of metamorphic operations in nature. 

II. ANIMAL REMAINS. 

The bones of a vertebral animal, several feet long, have been fouud in two or three p1nccs in 

Connecticut, in the red sandstone. But for reasons that will appear in the sequel, I defer a par

ticular description of them till I come to speak of the fossil footmarks in the same formation. 

The m9st important animal remains in this rock are those of fish. ·I have already stated that 

these have been found at several places in Connecticut, and at Sunderland, Deerfield and \.Vest 

Springfield, in Massachusetts. Sunderland, however, at the place called Whitmore's Ferry, is 
the only locality in Massachusetts where specimens can be procured. 

The shale there forms the bank of the river several feet high : but the 
ichthyolites are most abundant in the lower part of the bed, which corres
ponds nearly with low water mark. I have dug out hundreds of specimens 
at this spot; though perfect ones are very rare to be obtained. On one 
layer of the rock, fifteen inches by three feet, seven distinct impressions were 
visible. Indeed, I have not unfrequently met with one fish lying across 
another, without the intervention of a layer of shale: and from these speci
mens, I can easily conceive how the mistake should have been made, that 
among the Monte Bolca ichthyolites, one fish was found in the act of swallow
ing another ! 

A thin layer of carbonaceous matter usually marks out the spot where the 
fish lay; except the head, whose outlines are rendered visible only by ir
regular ridges and furrows. In some cases, however, satin spar forms a thin 
layer over the carbonaceous matter, and being of a light gray color, it gives 
to the specimens an aspect extremely like that of a fish just taken from the 
water. 

\Ve sometimes find the specimens a good deal mutilated; so much so, in
deed, that the form of the fish is entirely lost: and the scales and fins are 
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scattere<l about promiscuously: an<l this too in the vicinity of other speci
mens that are entire. Hence we cannot impute this mutilation, as is usually 
<lone, to a distw·bing force acting on the rock at the time in which the fish 
was enveloped, or afterwards. But if we suppose that the fish, as they died, 
were gradually enveloped by mud, it is easy to conceive how some of them 
might have putrified and fallen to pieces, before they were buried deep 
enou!;h to be prescrve<l: or it might be that the fish were mostly devoured 
by some other animal; and in either of these ways, we might expect to 
find only scattered relics enveloped in the rock. 

Enough perhaps has already been said respecting the general character of 
these fishes. They belong to races, of which there have been left as their 
living representatives on the globe, only two genera and about seven species: 
viz. the Lepidosteus, or bony pike of this country, and the Polypterus of the 
Nile an<l Senegal: although 17 genera have been found fossil. Professor 
Agassiz, so justly distinguished for his knowledge of fossil fishes, has given 
some account of the Sunderland species, partly from the imperfect. drawings 
which I gave in my Report. The tails especially, being quite obscure upon 
the specimens, the artist was not careful to exhibit them as they undoubtedly 
ought to be, viz. heterocercal. Plate XIV, Fig. 46, of my Report of 1835, 
Agassiz names Palreoniscus jitlt1ts: which, he says, is distinguished "by the 
large osselets, which extend upon the anterior borders of all the fins." This 
is a rare species; and I h:wc been unable to procure a specimen for the 
State collection. 

Another specimen sketched on Plate XIV, figs. 45 and 48 of my Report, 
1\1. Agassiz has named Ettrynotits le1wiceps: the specific name being given 
because "the breadth of its head is small in proportion to its length, and to 
the breadth of the trunk." A much more accurate sketch of this species is 
given on Plate 29, Fig. 1, of the present Report. In Agassiz's description 
of the genus Emynotus, he makes the anterior rays of the dorsal fin large; 
whereas, in my figure, both in the present and former Reports, the posterior 
rays are by far the longe~t. Agassiz supposes a mistake in the drawing: 
but nearly all the fish at the Sunderland locality belong to this species: 
and this character of the dorsal fin is constant in all the specimens which I 
ha1•e seen. Perhaps this peculiarity will form the foundation of a new 
genus: though Agassiz remarks, that "aside from this character, it appears 
to him, that this fish ought to enter the genus Eurynotus: since its anal is 
narrow, and it belongs to the section of heterocereal Lepido·ides." 

I h:wc given lhe sketch Fig. 2, Plate 29, because il appears to me probable that it may be 

anotlwr species of the s:lme genus as the above. It is much less chubLy and the fins are more 

dd ciltc than the E. tenuicej;s. lt occurs at Sunderland. 

1 haJ Jrawn another specimen from the same locality, which is a foot long, and the sc:i.lcs 
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three times as large as those on the species aboYe describecl: Dut it is so much mulilated that I 

have withheld it from the lithographer: especially as I h::we found but one specimen. 

I ba\•e sometimes found specimens much less chubby than either of the specimens shown on 

Plate 29 ; and considerably longer: but the fins arc so deficient, that probably even their genus 
cannot Le determined except by the most practised eye. 

I have met with a single specimen of a much smaller fish at the same locality, and fig. 3, 
Plate 29, is an attempt to represent it. But the markings on it are so delicate, that it is very 

difficult I find for an artist to represent it accurately. Besides, the fil:lh appears to me not to lit> 

exactly upon its side. For the delicate rays of the dorsal fin extend over the body a con
siderable distance. I pretend not to pronounce upon its generic or specific character . 

.IVIr. John H. Redfield, in his account of the fossil fishes of Connecticut and Massachusetts, in 

the fourth volume of the Anuals of the New York Lyceum, has described a new genus from 
:Middletown, under the name of Catopterus gracilis. He also describes a new species of 

Palreo11iscus, under the specific name of latus. Before the publication of this report, I had 

hoped the final opinion of M. Agassiz would be obtained upon the fishes of this valley, after he 
had seen specimens of nearly all the species sent to him by Mr. Redfield. But that gentleman 
has not, I believe, yet received a return. 

A quarryman at Chicopee Falls in Springfield, presented me with a single tooth of the family 
of fishes called Pycnodonts, which he declared he found imbedded in the sandstone of that place. 

It is not in the least changed; and the shining wbiteeD.arnel still remains. But in other respects 
it exactly resembles the Bufonites of the oolite in England. After seeing how little changed were 

the fossil bones found in this sandstone in East Windsor, (of which an account will soon be given,) 
I can easily believe that a tooth might be preserved as perfectly as the one under consideration: 
nor can I conceive of any inducement on the part of the quarryman to deceive me 1 as he refused 
a.11 compensation . 

• .\. few relics of a doubtful character will now receive a short description. 

Fig. 97. 
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Connected with some of tbe vegetable remains on the reddish slale ~f Wethersfield in Con

necticut, I have met with spherical bodies, sometimes more than an inch iu diameter, to which 

nre attached occasionally bodi~s resembling the spines of Echini. Fig. 97, represents one of 

these. No animal or vegetable matter apparently remains; and it is possible that it may be the 

fruit of the vegetable with which I have found it connected. But it certairily resembles a 

species of the family Echini. 

A variety of remains, not unfrequeolly met with on the shale of Springfield and West Spring

field, as well as at Wethersfield) is shown on Fig. 98. The appearance of a. single specimen, is 

that of a fleshy worm, from a quarter to half an inch in diame-ler, and two or three inches long. 

In some cases there is an appt>arance, especially if the specimen be weathered, of an annulated 

structure. \'\' hen severnl specimens lie crossing one another, as is frequently the case, they are 

often folded upon one another, just flS a mass of soft worms, or intestines, woul<l do; and I can

not doubt but they were originally sofL bodies; and yet it is remarkable that they are preserved 

almost without shrinking. I ba,·e sometimes se~n the excrements of birds, lapping over one 

another in the manner above described; and moreover, presenting a somewhatsilnilar ribbed ap
pearance : and after having seen numerous fossil footmarks in the same rocks, which seem to 

have been those of birds, I was led to suspect that these remains might be coprolites. I there

fore attempted their analysis; and allhough the result does not pro\•e them coprolitcs, l think it 
does show that they are animal remains. The substan<;e of these relics is..apparently entirely an 

induratecl somewhat concretionary clay. la 100 parls 1 find the following ingre9ients. 
Silica, 40.85 

Subphosphale of Alumina, 37.00 
Alumina, 1.54 

Peroxide of Iron, 8.49 
Phosphate of Lime, 3.62 
Lime, 3.32 
Water, 2.85 

Loss, 2.34 
Uric Acid, a trace? 

100.00 

The composition of this substance is so remarkable, that I should be glad 
to verify it still further by a greater number of trials. But time will not 
permit. It seem•, howe1·er, hanlly possible to doubt that it had an animul 
origin. 

Fig. 98. 

59 
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Somewhat analogous~ what has just been described, is a specimen represented on Fig. 99, 

from the locality of fossil fish in Sunderland. I founJ several square feet of the sh~l~ covc~cd 
with it. It differs from the last chiefly in the much greater taper of the extremities. 1 ho 

ipccimens rarely cross one another. They have made an impress!on, both on the shale_ above 

and below; which proves that they ,vere solid bodies, enveloped m the matter composing thei 

rock. 
Fig:. 99. 

Half a mile west of l\Iitine:ique Fa1ls in West Springfield, on the north shore of Agawam 
river, there exists an impression on the shale, which, upon a general view, bears a strong re

semblance to fine ripple marks. But upon closer inspection, the whole surface is covered with 
reticulations, as if an enormous gorgonia had left its imprint there. Indeed, I formerly sup
posed that this might have been the origin of th is curious appearance. But I think that opinion 
must be abandoned. 1 cannot doubt but the grooves and ridges are genuine ripple marks. But 
how the reticulations, which cover the entire surface, were produced, I feel incompetent to deter

mine. They are polygonal, somewhat like columnar clay iron ore. But the depth of the groovrs 
that form them is scarcely more than the thickness of writing paper. Sometimes the part in 

relief is solid throughout: but sometimes it forms a ring around a depression. In form, the pro
tuberances are a good deal irregular. Towards one extremity of the spot ]aid open in the shale, 

the reticulations are much smaller; and it was this circumstance chiefly that led me to suppose it 
might be organic. I now suppose it may be the result of concretion or possibly of rain drops. 

Fig. 100, will gi\'e some idea of this specimen: but No~. 264, 265, io the State Collection, 
will give a much better idea of it. 
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Fig. 100. 

In the fetid limestone of \\ .. est Springfield there occur some singular bodies, which approach in 

their structure so nearly to some of the family of Crinoideans, that I was formerly inclined to 

refer them to an organic origin. Frequently they consist of spherical or hemispherical heads, 

covered with smaU protuberances, and terminating below by small cylindrical stems, extending 

downwards several inches, which certainly bear no slight resemblance to the head and orms of an 

encrinite. But the discovery of the .singular concretions on the f1oor of a limestone cavern in 

Lanesborough, which are shown in Plate IS, Figs. 10 and ll, and which have been already de

scribed, led me at once to abandon the idea of their organic origin and to refer them to the same 

cause, viz. concretion. The resemblance of the heads of the cavern deposits, to those in 

the fetid limestone, was too striking to be overlooked. Figs. IOI, I02, will give an idea of 

the upper part of two of these concretions, and Fig. I03, of the cylinders proceeding from them. 

By comparing these with Plate 18, Figs. 10 and 11, the resemblance wjll be obvious; but still 

more so, by comparing Kos. 268 to 2771 with Nos. 2504 and 2505, in the State Collection. 

Fig. 101. 



464 Scientific Geology. 

Fig. 102. Fig. 103. 

III. FOSSIL FOOTMARKS. 

The impressions which I have now to describe, under the name of fossil 
footmarks, are by far the most interesting relics of organic beings hitherto 
discovered in the sandstone of the Connecticut valley. It was not till the 
completion of my last report in 1835, that I had any knowledge of their ex
istence. Since that time, I have prosecuted it with encouraging suc
cess; and have brought to light many very remarkable facts, which I shall 
proceed to describe. In the American Journal of Science in 1836, I gave 
an account of seven species of these footmarks. But since that time, I have 
discovered more than twice that number of additional species. The general 
conclusions in that paper, however, are not invalidated by subsequent dis

coveries. 
Not with a view to prejudge the nature and origin of these impressions, 

but chiefly to avoid circumlocution in description, I shall assume that they 
were produced by the feet of animals. Yet in the sequel, I shall present 
the arguments by which they are proved to be tracks. I shall frequently 
speak of them, also, as if they were really the feet of animals. Nor, as I can 
conceive, will this lead to error. For they are in fact, either casts, or moulds, 
of the feet that made them ; and may, therefore, be spoken of as if they 
were petrified feet. 

In prosecuting this subject, I shall describe these impressions under the 
following heads. 

l. Their Localities. 
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2. A General Description of their nature and situation. 
S. A Specific Description of the different kinds of footmarks. 
4. Collateral Facts connected with the Subject. 
5. Conclusions from the Facts. 

1. Localilies. 

These irnpres~io:1s are confined to the new red sandstone formation, ex· 
tending from N cw Haven in Connecticut to the north line of Massachusetts, 
and occupying most of the bottom of the valley of Connecticut river. We 
have seen that this formation has a slight easterly dip throughout most of its 
extent, and that a ridge of greenstone divides the upper from the lower beds, 
most of the distance. I have never met with any of the tracks in the sand
stone below the greenstone; that is, on its west side. On the east or upper 
side of the greenstone, the greater number of localities occur not far from 
the greenstone. 

The most norlhern locality is on the north bank or Connecticut river in Gill, nearly three 
niil~s higher up the stream than Turner's Falls. The spot is called the Race, or Horse Race, 
from the velocity of the current tlwre. The rock on the north shore is a grey micnceous sand· 
stone, a good deal resembling mica slate in hand specimens, having a dip of 30Q southerly, and 
passing under the rin~r without any intervenint! alluvium. It has been quarried there somewhat 
<'Xten!)i\·ely; and thus have the tracks Leen broughl to light. Several sor ts of tracks are found 
here, quite distinct from one another. Jn gcnl'ra l, however, the impressions on this sort of rock 
nre not as distinct as upon some other varieties. I have never seen on this rock any other or• 
ganic relic, \'egetable or animal. 

About eight miles south of the Race, on the east side or Connecticut ri,·er, is another locality; 
from which the first specimens e\•er noticed were produced. It is a quarry in red sandotone, in 
the south west part of Montague, less than half a mile from the river, and elevated above it not 
more than 100 feet. It is only a mile north of the locality of fossil fish in Sunderbnd j and 
such :ire the dip and strike of the strata, as to show that tbis quarry is higher in the snies, by 
~omf.'lhing le~s tl1an 100 feet than the fii:>h. The layer on "hich the tr.:.cks occur, "as OJ encd 
about 7 fl'et from the surface cf the rock. It is a red micaceous sa1dstonc, which splits very 
cHn, and is cntir ·!y free from every other organic relic. An adjacent layer, on whirh thero 
were• traC'ks, is a sofL friable red marl, which crumbles to pieces easily. I have noticed only 
two species of the tracks hE"rc, and most of them are exceedingly distinct. In other parts of 
lht.• quarry, I have noticed a few slf'ms of vegelablcs. 

The next locality in passing southerly, is in the north parl of South Iladley; ns m 1ch ns two 
miles from Connecticut river, and 200 or 300 feet above it, on the hill south of a small stream, 
ne:ir Hale's Mills. The rock is a grey micaceous sandstone, laid bare in cxca,·ating the road 
lt•a<liu~ from tho:-;e mil s to the center of South Hadley. I have seen here only two spC>cics, :ind 
obtained only a fr•" specimens. From this vicinity, however," here are several quarries in a 
coarse gritty sandstone, a block was obtained many years <igo, and long used for a door step by a. 
farmer, which contains a fine et;an1ple of tracks in succession, shown on Plate fig 1 cannot 
douLt but this originated from the vicinity of the above locality. 

On tbc wc·~t bank of Connecticut river in the extreme southeast Fart of Nortbamrton, at tbJ 
~astern part of Mount Tom, is another inlt!restiug locality. 1 h~ grey and red micac1.ou!) s:uu.lstono 
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and shale at that place, are laid bare by the river, for an extent of 70 or SO rods, anJseveral 
rods in width i and on lheir surface occur numerous examples of tracks of several species. The 
strata dip beneath the river at a'fl angle from 10° to 15°, and have been scaled off consiclerably 
by the quarryrr:en. Some very good examples of tracks in succession occur here, although 
many of them are a good deal weathered. On some parts of this stone there are remains cf 
plants, genera11y much broken : but I have not seen any in immediate connection with the 
tracks. 

Near the village of South Hadley Canal, extensive excavations were formerly made ihl'ough 
the shale, in constructing a canal. On one of the fragments thrown out, 1 noticed a single 
track. 

On the fragments dug out at Mitineaque Falls, in West Springfield, in constructing the facto
ries and the rail road, I have met with two similar isolated specimens on grey brittle shale. 

The extensive quarry at the east end of the village of Cabot ville fo Springfield, furnishes some 
good examples of tracks. The rock there is chiefly gtey and reddish shale, often abomiding in 
septaria. Two ]ayers at least, have been found here, abounding in tracks: one of them within 
4 feet of the surface of the rock, and the other from 15 to 20 feet below it. On the north bank 
of the river, also, nearly opposite this spot, is another quarry, where numerous impressions of 
this sort were disclosed. They Were found likewise several years ago, in excavating the canal 
for the sword and cannon manufactory of the Messrs Ames; to whose assistance I have been 
much indebted in pursuing my investigations at this place. Some vegetable remains, perhaps 
fucoidal, occur at these quarries. They nre situated about half a mile from Connecticut river. 

Between Cabot ville and Springfield, on the east bank of the Connecticut, and considl"'rn.bly el
evated above it, as well as several rods distant from h, I found several footmarks in fhe same 
sort of shale as at Cabot ville. The spot is near the road from CabotYille to Springfield; and is 
a nearly abandoned quarl'y. 

Chicopee Factory Village lies a mile n.ncl a. h::t.lf farther from the Connecticut than Cabotville, 
and on the Chicopee river. At the east end of the village is a bridge, near which ledges of roclc 
extend across the stream, producing a considerable fall. In the bed of the river the rocks 
have been extensively quarried, and the work has disclosed many fine footmarks. The rock is 
either an exceedingly hard dark blue shale, or a fetid limestone; and well calculated to give dis
tinctness to the tracks: though it is exceedingly difficult to obtain specimens here without taking 
very thick and heavy masses ; so liable arc they to break. Several species occur here, and by 
the kind intenention of Col. Joseph Bryant, I have been able to obtain at this place some re
markable specimens. At a quarry a few rods east of the bridge, on the south shore, I have seen 
a few tfacks j. aud I was told that whercYer quarries have been opened in the vicinity of these 
factories", they have always been found, and often many of them in auccession. I doubt not that 
'vere the foundations of the factories and canals here to be torn up, they would disclose numer
ous interesting specimens. Jt wns tantalizing to hear the quarrsmen describe these relics in the 
ancient quarries; and mortifying to :see with what sang froid they spoke of their being broken 
to pieces. I have no doubt but the whole region, for several miles square, near the mouth of 
Chicopee river, is underlaid by r.Jcks abounding with the:;e footmarks. 

These are all the localities that I have found in Massachusetts. In passing southerly into 
Connecticut, the first quarry we meet, where they 'vould be likely to be found, is on the bank of 
Connecticut river, near Enfield bridge, in Suffield. I have not seen any at the quarry.: but have 
noticed a few specimens on blocks, said to have been brought from that place. 

The next localities are in the vicinity of Hartford. They occur, though not abundanlly, at 
the Rocky Ilill quarries, a little west of that city. But the locality which I ha,·e found. the 
most prolific in the whole valley, is at the north end of the principal street in Wethersfield, a 
litlle northeast of the St1tes' Prison, where a low ridge of red sandstone projects into the river; 
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nn arm of which p:isses behind it, so as to form a cove. This locality was pointed out to me by 

Professor Henry Banmer, who graduated at Amherst College in 1837, and who resided near the 

spot. To him, and to his brother Charles Hanmer, I am much indebted for assistance in ex

ploring this spot. It has furnished more species than any other locality; and the impressions 

are many of them as perfect as it is possible tor a track to be upon tenacious mud. On the 

banks of a small stream, about 2 1-2 miles south of this place, and in the same town, I noticed a 

few tracks ; but no excavation has been made there. 
In Middletown some interesting examples of these footmarks were discovered by Dr. Joseph 

Barrat, and shown to me upon the side walks. The species are some of the most remarkaLle 

which I have found. The stones were brought from a quarry a few miles west of the city. 

They are mostly a quite coarse micaceous sandstone, sometimes containing pebbles half as large 

as rifle bullets. 
At the extensive quarries in Chatham, I could not discover any footmarks . But Mr. Charles 

Hanmer pointed out to me a very distinct example, upon one of the stones forming the walls of 

the Stale Prison at Wethersfield . It may be seen in the front wall, on the west side of the en

trance door. The rock of which this prison is built, was brought from Chatham quarries. And 
more recently I have met with other examples of tracks on stones brought from the same 

quarry. 
It may be well, perhaps, to mention se\•eral places where the flagstones upon the side walks 

contain specimens of these footmarks. They occur on two or three door stcnes in the north 

part of the principal street in Wethersfield. I have seen a few upon the flagstones of Hartford. 

They are quite common in Northampton, though few of them would be recognized by persons 
who had not seen them more perfectly developed. Near the court house, and first parish meet .... 

ing house, they may be seen; and it was from thence that I obtained by leave of the Selt!ctmen, 

an excellent slab of which I shall give a drawing. They may he seen also itl other streets, an<). 

in the front yard of John Hopkios, Esq. All these probably were brought from the quarries 
in the southeast part of the town, already described. I have noticed a few in Hadley, near the 

r<·sidence of Rev. Joseph Curtis. Jn Deerfield, a little south of the meeting house, they <ire 

common. These wne brought from the Horse Race in Gilt. 

It appears from the preceding statements, that these impressions have 
been found at no less than fifteen localities, scattered over a linear distance, 
of about 80 miles: viz. from Gill in Massachusetts, to Middletown in Con. 
necticut. The number of quarries where they occur, is still greater: but 
some of these being quite near each other, as those at Cabotville and at 
Chicopee Factories, I have considered them as belonging to the s;ime lo· 
cality. 

2 . .B General Description of the Nature and Situation of the fossil footmarks. 

The first and most obvious idea excited in the mind by examining these 
impressions, is, that they were m~de by some snbstance pressing with con
siderable force upon the rock while it was yet in a plastic state, and caus
iug the layers of mud clay to bend downwards. Upon the upper swface oJ 
the roclc, in its 1uit11rnl situation, the track is always a depression, or a mould; 
and it is only when the rock is split and lifted up, so that we can examine 
its under side, that we find the tracks standing out in relief, or as casts. In 
the thousands of specimens that have come under my notice, I have nevel' 
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seen one exception to this statement. A single well marked exception, in
deed, I should consider fatal to the idea that they are the tracks of animals. 

It is not merely upon one particular layer of the rock, that these impres

sions occur; but the depression is communicated to se,·eral byers; so that 
a vertical section across the three forward branches of the track, will pre
sent such an appearance as is shown on Fig .. 104. Considerably above the 
middle of the specimen, as at a, a, the layers are most bent downward. 
Sometimes, indeed, they make almost a right angle with the general sm
face. In the layers above and below the layer that bas been most bent, the 

curvatmes become less and less, until they at length disappear, and no trace 
of the impression remains. They usually continue longer, both upwards 
and downwards, in the middle impression than on the side branches, because 
there the imprint was deepest. So that when the rock is split open near the 
top or the bot.tom, the middle toe only is visible. In such a case, we kno\V 
that we are eithj'!r above or below the layer on which the impression was or
iginally made. In fact, it is not always easy to ascertain when we have opened 
the rock precisely at that place. If the rock be quite fissile, it is easy to 
see that several distinct specimens of footmarks may be obtained, all pro
duced by one original impression; and these may likewise be so much like 
one another, and like the original, that they can hardly be distinguished. 
In some of the larger tracks, the impression extends vertically as 
much as 4 or 5 inches: but in the smaller ones, rarely more than 
two or three. It is usually difficult to separate the layers of the large tracks, 
so as to obtain more than one good specimen. But the smaller tracks fre
quently furnish several. In some instances we find upon one layer, proba
bly that originally impressed, certain delicate markings, not seen upon the 
layers above or below: of which examples will be given when I come to 
give specific descriptions. 

Fig" 104. 
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From the preceding statements, it seems a legitimate conclusion, that 
these impressions were not made by a solid body which remained upon the 
rock while yet in a plastic state, so as to be covered up by layers of mud 
subsequently brought over it. For in this case, although the inferior lay
ers would be bent downwards, the superior ones must have been bent up
wards, by folding over the foreign substance. This is, I believe, universal
ly the fact, wherever any organic body, possessing much solidity, has become 
enveloped in rock: and where it is so evanescent as to leave only a trace, 
no perceptible curvature is produced in the layers, either above or below, 
except perhaps the case of the vesicular fucoids already described. Hence 
we may be sure, that the footmarks of this formation were produced 
by some body, that did not remain upon the mud after the impression 
was made. 

The description that has been given above, of the curvatures in the layers produced by these 
impressions, is not exactly true in every case. Sometimes the rock below the impression is not 

slaty, and exhibits no lamination: and in such a case we see only the indentation on the surface. 
This is usually remarkably distinct; as is also the track in relief, upon the under side of the 

layer above the depression. But neither does the impression in such a case often extend up

ward; because the superior layer also is thick. The rock in these cases is usually very hard; 
which accounts for the distinctness of the impressions. Most of the specimens found at Cab
otville and Chicopee Factories, are of this description. 

There is another case in which the curvature of the layers extends upward but very little 
distance above the original track. l t is where coarser or different materials from those compos
ing the layer on which the track was impressed, were brought over it. Probably the indenta
tion was thus at once filled up j so that the supcrinduced layer did not partake of the curvature. 

It could be only in very quiet waters that successive deposits of mud would conform to the 
depression: for the tendency of any agitation would be to fill it up. Jn the case under consid
eration,] have also frequently noticed, that the matter on the upper layer, that forms a cast of 
the track, is harder than the rock in general. Hence I conclude that the laws of coucretion have 
operated to some extent; as they are apt to do, where matter is consolidated in rounded cavi
ties. It is, however, chiefly the thick toed varieties of the footmarks that exhibit this extra in
duratiou. And, indeed, it is chiefly these that l have observed to be sometimes filled up at once 
without affecting the superincumbentlayers: as at the Horse Race in Gill, and in the southeast 
part of Northampton. 

The more I examine the subject, the more convinced I am, that the curvatures in the layers 
extend downwards much farlher than upward, from the layer where the impression was original
ly made. They are, also, much more perfect below than above that surface. This is a matter 

of considerable importance in ascertaining the precise shape of the track, and settling the species. 
For to do this, we want to get at the surface on which the impression was first made. Since 
on the layers abo\•e or below it may be somewhat different; orrnther,some parts of the track may 
be wanting. Thus, in ·many cases we find a fourth toe upon one layer, hut not upon the othen; 

and the same is true of the beel. Jn giving an account of particular species, some cases will 

be given to illustrate the change which occurs, as we pass vertically from the original layer on 
which the track was made. 

In a few instances I have noticed a singular peculiadty in the manner in which the curvatures 

in the rock, produced by the footmark1 pass downward. Usually they descend perpendicularly 

60 
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through the layers. But in this c~se the impression is communicate:! to th1• successive layer~ in il 

di;cction a good <lea! oblique to the fayt'r3; as is shown on fig. 105, which l trust h:mlly needs 

t•xplanation. The track shown at the top of the block of slotw, is continueJ downward in the 
direction of the dotted Jines, so that the under side of the stone shows the trad:s, as in the draw~ 

ing, thrown a good de:i.l furward. Jn on.! s,)e:::ime:-i in my 

thick, the track is adnnced beyond the perpendicular, not 

some cases the oli!iriuity is on the other side of the 

cessive Inycrs arc farther and f;;irtlwr uocli;1v"r'o ui;;lcou 

Fig. 105 

whi..:i1 is a!iout 2 inches 

than an inch and a half. Ill 

that is, the tracks in the sue~ 

I explain this anomaly, by supposing that the mud on whic!1 the animal 
trod, was more or less inclined : in other words, that he trod upon a slope. 
The force of gravity would cause the layers to yiel<l in a perpendicular di
rection; which would of course be oblique to their surfaces. In confirma
tion of this supposition, the most distinct specimens of this peculiarity in 
my possession, show a much deeper impression at the heel than at the toes: 
as would happen to an animal descending a slope. 

I think, however, that we might explain a sligi1t deviation of this sort 
from the perpendicular, by supposing th~t the successiv-e layet·s of mud that 
were brought in to fill the track, were urge.I a little m~re and m'lre for
ward or backward: or more likely, that the whole yielding m~ss, lying upon 
a sloping bottom, was slowly slid forward or backward by the force of gravity. 

The varieties of rock on which these impressions havi;; been found, <i:·e :-mmewhat nu111crous. 
] have noticed the following: 1. A gray fine grained mic;i~eou> s1:hlsto:1 • . rnrdy effl!n·~·.scing 

with acids. 2. A red do. containing no lime. 3. A gray har<l not very fls~ile ~h::ile, SOJUt'timcs 

slightiy efl'en·escing with acids. 4- This passes into on imperfect blue fetid limc:-.tone. 5. A 
soit red or grny shale, or marl, sometimes e;isily disintegra.ing) rarely conHtin!ng lime. 6. A 

gray sandstone, with gm ins coarsl'} enough to be easily pcrcci"e<l by U1t• nak:~d <'ye, iu a frw in
stances e\·en containing smal! r-ebbles. The imrrcssions are mo~t dis:inct 11~.un the limestone 

and roddishsbale. 
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Whoever has seen the tracks of birds upon moist snow, but especially 
upon clayey mud, will have a very good idea of the appearance of the largest 
part of these fossil foutmarks, even though he may not have seen a specimen. 
l\fany of them are as perfectly defined, and exhibit as distinctly the minutest 
markings on the foot, as any that I have seen of living animals upon snow or 
mud. Others, however, are much less distinct: but their outlines are quite 
obvious. Others are so nearly obliterated, as to be recognized only by the 
most practised eye. This is rarely the case, however, where the rock is 
newly split open. 

Nearly all the impressions present three, and only three, toes, on the fore
part of the foot. The middle one is always the longest, and the inner one. 
usually the shortest. A toe is sometimes seen coming out directly or ob
liquely behind; and very rarely there are four or five in front; as may be 
seen on Plate, SO, Fig. 1, and Plate 34, Fig. 15. 

The nume.rous drawings on Plntes,30 to 49, inclusi\'e,will give a better idea than des
cription, of the varieties of these footmarks. They exhibit not only C\'ery species of the natural 
size, but also numerous examples, on a small scale, of tracks in succcssiori, as they appear at the 
quarries. Still more satisfactory, to those\\ ha have the opportunity, will be an examination of 
the specimens, either of natural lrncks, or of casts and moulds of the different species, in the State 
Collccticn. Jn my own collection, deposited in the Cabinet of Amherst College, the originals 
from which the drawings, casts, an<l moulds were taken, may be seen, wilh many olhet 
analogous spc>cimens. * 

A very striking difference is manifest among the specimens of footmarks, 
in respect to the thickness of the toes. \\' hile some of these are extremely 
thick, showing distinct protuberances and distinct claws at the extremity, as 
in Plate 36, also Plate 37, Fig. 21, and Plate 38, Fig. 37, others are 
extremely slender, and destitute of tuberose swellings and distinct claws; 
as in Plate 35; also Plate 43, Figs. 3:3, S-1. There are, to be sure, inter
mediate specimens ; yet I have never noticed any protuberances or 
distinct claws upon such specimens: And hence I bring together the nar
row toed, under the name of Lcptodactyli; (·''·""and J"'"'·'''·l and the thick 
toed, under the name of Pachydactyli, <·'"'''and J""'·'·"·l 

In the Pachydactyli, I have nernr Sf'e:l a fourth toe, or any heel, except that which forms the 
basis of the toes. But in the J ... eptodactyli, we find soml:' curious varieties of both these appen
dages. Perhaps the most simple form of the heel, is whc1e the tarsal, or met.itarsal bone of the 

" 1l m:1y be proprr to say, that thrse footmarks WNC <l:sco\'f'tC'd in tl1e interim betwrcn the public:llion of 
my fost ll.f'port, and the prl'scnt rc- sun•ry of the State: so th:it my Coll<'ctiou was chit·Oy made while I 
wn1 not<•m ployrd l>y the State, and at rPJ own rXJ)('nsl'. Since that time , I h1vc not l>l'C'n able, in all r.ase111 
to obtain as good spf'cimc n! for the Stale Collt·ction; nnd hav<>, thcrC'forc, soml'tim<>s subslitull•d pl:i.ste.1 
casts nnd moulds of those in my own CollC'ction. Similar casts and moulds, with :t. f,•w natunl sprcimens, 
have bct>n st>nt to the Gardrn of t•Jants at Paris, thl' .Minrr.llngicnl Institute at 1Icid1•ll><'rg, the London 
Gt>ological Sncirt_v, the lluntrrian Musf'um.a11J Rev. W. 0. Cforkc of England. Ami in this country, to 
tl1 r. Uostnn Natural ll istory Suci<>ly, Y:ile Collrgl', thl' Mditnry Ac'.ldc·my, at West Point, the Lyceum of 
Natural History in New York, and to Fr.lucis .:\larkc<> 1 Jr. Esq of Washington. 
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foot, has left an impression as far as the tarsal joint. The tracks of some living birds, (as the 
Penguin,) and of many lizards, is of this description. But in the fossil footmarks, the length of 
the heel is remarkable; as .in rt;ite 33, Fig. 12. In this case, it is one and a half times as 
long a.ii the middle toe. A short fourth toe proceeds from it, nearly at right angles, an inch and 
a half behind the junction of the three forward toes. In some cases, ns in }lJate 331 Fig. 
11, ''-'Ccan sec by the upward slope of the impressions made by the heel, that the" hole of the tarso
mctatarsuswas not brought u~on a level with the toes. In some instances, ns in Plate 31 1 

Figs. 5
1 

6
1 

the fourth toe seems to have proceeded almost exactly from the tarsal joint. Jn the 
remarkable track, Plate 35, the heel had a circular form ; and after il had sunk more than 
an inch into the mud, a fourth toe, like a sort of spur, made an impression, as shown in the 
figure. The five toed track, Plate 30, Fig. I, shows a long heel, but no tocprocccding from it. 

In some cases, the heel seems to have consisted merely of an enlarged basis, from ·which the 
toes ramified. But in others, the toes appear to have been inserted a little above the general 
level of the foot, while a distinct heel projected downward, so as to leave a space between the 
heel and the toe, so that when these pressed upon the mud, it was forced up more or less into 
the vacancy ; and the deepest impression of the track appears about the middle of the toes, nnd 
nt the heel; while the two seem hardly to be connected; or are more or less separated by a ridge. 
In these cases, however, the impression of the toes is considerably the deepest. The heel did 
not reach the ground, till the toes had sunk some distance into it; so that the former is often 
wanting. Plate 40 and Plate 41, Figs. 28, 29, are of this des(\ription . The specimen from 
which Plate 401 "as sketched, is particularly valuable for illustrating this point. WhiJe the 
enormous heel is most distinct upon the upper side of the slab, the toes are best exhibited upon 
the lower side. I think the latter must ha\'e sunk at least an inch into the ground, before the 
former reached it. 

Connected with heels of this sort, there is a peculiar appearance that deserves notice. Small 
ridges and grooves radiate from the central part of the heel, on its posterior side 1 appearing as if 
produced by stiff bristles, or feathers. Such I formerly thought might have been their origin. 
But I give up that opinion. For even had these bristles existed upon the animal's heel, it seems 
hardJy probable that they would so uniformly leave an irnprcs3ion that was regularly radiated. 
Again, I have seen them on successive layers, too far separated, (though but a small distance,) 
to have been communicated by the impression . l think they may be explained by supposing 
slight ridges, or rugosities, upon the animal's heel, so that when it was lifted up, thP mud ad
hered to it more than to the other parts of the foot, and thus an irregularity of surface was pro
duced, which was continued for a short verticar distance, as the impression was Jilled up. I do 
not feel perfectly 8atisfied with this solution; but I think it corresponds to the facts better than 
my fohner hypothesis. 

It was an important point to be determined, whether these footmarks 
occur in succession. The drawings on P lates 47, 48, 49, will settle 
this point. They represent slabs from the different quarries that have 
been described, with the tracks occurring upon them; and although in sev
eral cases these are very irregular and confused, yet in most instances it needs 
no argument to show that they are continuous. Nor will the conclusion (to 
which I shall refer more particularly in the sequel,) fail to be forced upon 
the mind, that most of them must have been made by bipeus. The alter
nating right and left foot can in general be distinctly recognized. 

• Dy using the term larso-metatarsus, I do not mean to decide beforehand that these tracks are those of 
birds, in most of which the tarsus and metatarsus form but a single bone. nut really, l did not know -what 
other term to employ: for had I used another, it would have implied that the tracks are not those of birds. 
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This leads me to state a curious fact in regard to the Leptodactyli: It is 
less striking in the Pachydactyli. In many cases the toes of the right foot, 
are curved, often a good deal, towards the left; so as to bring the exterior 
side of the curve on the right side of the track. The left foot is curved in a 
similar manner towards the right. Plate 35, and Plate 41, Figs. 28, 
29, are examples: as is also the five toed species, Plate SO, Fig. I. 
It appears to have resulted in part from the effort of the animal in throwing 
its body forward. But in some of the cases referred to, I apprehend it re
sulted from the curved position of the toes of the foot. For by recurring to 
Plate 51, Figs. 96, 100, and lOS, which represent the feet of living lizards, 
it will be seen, that some animals have feet of this description. 

I have spoken of the right and left foot on the impressions, as if these 
could be distinguished. And in fact they often can be. Sometimes, indeed, 
where the tracks are in succession, they are almost exactly on a right line, 
as on Plate S8, Fig. 52, and there is no mark by which to distinguish 
the feet. But generally they are on the right and left sides of a right line; 
as a reference to Plate 48, Fig. 47, 55, will show : for these are sketches 
from different quarries, intended to be exact miniature representations : and 
can there be a doubt in such cases, but that the track most to the right, was 
made by the right foot; and the track most to the left, by the left foot? If in 
addition to this, we find the toes of the alternate tracks curving in opposite 
directions, will it not confirm this conclusion? Again, what I infer to be the 
inner toe of the track from the preceding marks, is almost always shorter 
than the outer one: And in the thick toed species, the angle of the heel, on 
the same side as the outer toe, extends farther back than the other angle. 
These two last marks may sometimes be employed to determine the right 
and left foot, where other evidence is wanting. 

In the thick toed species, distinct claws at the extremity of the toes, are 
very obvious; as may be seen on Plate S6, and on Plate S7, Fig. 21, 
and Plate S8, Fig. 2. On the largest species, Plate S6, they are nearly 
two inches long; and in the smaller species, about one inch. They 
commonly proceed from near the middle of the curved extremity of 
the toes, unless where the foot was thrown a little out of its natural 
position, by the unequal pressure of the animal, in its efforts to move the body. 
In the narrow toed species, there is no claw perceptible, distinct from the 
toe. The toe, in this class, usually attains its greatest width, and sinks 
deepest, a little nearer the anterior than the posterior extremity of the foot: 
from thence it has a gradual taper to the end ; sometimes of extreme 
fineness and delicacy. So that although the extremity was probably pro
duced by a claw, the place where it joins the toe is not obvious. 'l'he 
claws of some living animals, especially birds, where they join the toC', are 
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e.lmost exactly of the same width as the toe: so that their impressions in 
mud, would show only an uninterrupted taper, from the thickest part of the 
toe to the end of the claw, as in the fossil specimens. In a perpendicular 
direction, however, the claw of the living bird is not so thick as the toe; and 
one specimen of the thick toed footmarks, shows clearly that the same is 

true of that. 
In the Leptodactyli, of course, we find no protuberances along the toe, 

produced by the articulations. But in the Pachydactyli, these are often very 
distinct; as may be seen on Plate 37, Figs. 20, 21, and Plate 38, Fig. 
22. If I am 110t mistaken, the inner toe has uniformly two of these 
swellings, forward of the joint where it joins the tarso-metatarsvs. Jn the 
middle toe, I think I can usually count three: But in the outer toe, they ap
pear to be so much blended tcgether that I can rarely number them. I shall 
recur again to these statements in the sequel. 
Th~ enquiry ls often mnc!e, hew cleC'p beneath the surface of the rock thesefootmarksarc eyer 

found; nn<l at "hat clisto.nce frcm, and height above, Connecticut rh·er? An<l when the reply is, 

lhat at Cabot\'illc, one lnyer of reek, on whi"h they occur, is from 15 to 20 feet below the sc.r~ 

face; !hat the qu<irry in the soutl:e<?.st rnrt cf I\Iont<igue is nearly blf a mile front the ri\•er, and 

i1early 100 feet nbo\·c it, and that the locality in South Badley is still more elevated and tli~tant 

from lhc river; it rrcduces surprise. But such <"'nquirers usually suppose that Connecticut 

river has 1 ad srme ccnccrn in the Cf'position of the solid sandstone rocks along its borders; nn<l 

that tl-:c i:reHnt <lepth of a fcollr.ni k bclcw the surface, shews how much rock hris been formed 

OVl-'T it !'cincc its fcrmnticn. Iut tl:c :;colcg.ist is much more impressed, when he stands at the 

lucality in J\Icntugt:C'1 and !':Ce~ tl.c bjcrs containing the footmarks pass laterally undC'r .l\.Jount 

•ruby, at the <lista1~ce of a mile or two i for he kno\\ s that this mountain, 800 or 900 feet above 
the quarry, shows only a part of the depth of rock that has been deposit~d in this n\lf'y since 

they were made. He knows, also, that the s::m<lstone of the ,·alley of Connecticut river, nnd 

or course the tracks which it contains, were formed Jong before the existence of that ri,·cr. 

S. Specific Description of lhe Foolrnarks. 

In attempting to descrihe the different species of fossil footmarks that 
have been found, it will be necessary to settle some preliminary principles, 
as points of departure. 

In the first place, what is to be understood by a species, in this case~ In 
palreontology it is not always possible to give this term as restricted a mean
ing as in natural history : or rather, several species in natural history are of
ten blended in a species in palreontology. But it is only because the charac
ters of the fossil species are often tea obscure to be distinp;uishcd. This is 
eminently the case in respect to the footmarks. For so slight is often the 
difference between the tracks of different species of the same genus, that 
they cannot "~en be distinguished. Nay, in the case of birds for instance, 
the tracks of different genera often differ tea little to be obvious to the eye. 
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What I call species, therefore, among the fo:itmarks, would probably h~ only 
genera in natural history. Indeed, some may suppose it preposterous to at
tempt to distinguish even genera by a simple track. For in the case of 
bird;, wh!lsZ tracks corresp:ind m!lrc rarely than those of any other aniru:tls 
with tho>e on stone, even the wliole skeleton hmlly furnishes sufficient dat1 
far such a determin1tion. "The difference," s1ys Cuvier, bztween two spe
cies, is s:imetimes entirely inappreciable from the skeleton. Even the genera 
cannot always be distinguished by osteological cl11ractcr>." (01se n3ns Fus· 
siles, Tome Troisieme, p. 52<1. Sd edition.) But I suspect that these tracks 
arc quite as characteristic as the skeletons. "The place where hirJs live, 
and the manner o[ their moving forward," says Dumeril, "are, so to speak, 
indicated beforehand by the disposition of their feet. Indeed, it is by the 
form and the length of the feet, anrl the disp:isition of the toes, that birds are 
divided into six orders, &c." ( Elcmens des Sciences .N'alure!lcs. Tome 2. 
p. 258. 4/h edition.) 

Characters on which Species arc founded. 

I shall found the characters of the different specie;, "hich I am a1101.:t 

to describe, chiefly on two circumstances, viz. the form and the size of the 
tracks. The first 1)1rticular will embrace several points: l. the number of 
toes, whether 3, 4, or 5: 2. the shapo of the toes, whether narrow, or thick anrl 
tuberose: 3. whether they are approximate to one another, or arc divaricate: 
4. whether straight or curved: 5, their relative length: 6. whether the track 
has a heel or not: 7. whether the heel be merely au impression made by the 
tarso-metatarsus, or by a distinct protuberance. 8. whether it have a toe 
pro:eeding from it: 9. its relative length. 

Some m:ly doubt, perhaps, whether a mere difference of size is sulficient to constituto distinct 

species. I have not often depended upon this clnrlctcr al.Jnc: Still, where the difference is 
quite large and constant, as in the Ornitltoidiclmitcs ingcns and eleyans, and O. gigantcus and 
tuberosus, I conceive it to be sufficient. The contrary supposition is, that the smaller trncks are 
thos~ of the young of animals that made the larger. But if we judge from the habits of living 
animals, we ought not to expect to find the tracks of the young in company with those of their 
dams, at a Jistancc from the place of birlh, until the feet of the .young hj,d attained a size ap .. 
pro:iching that of their p:ircnts. Especially we should not expect to find them in localitic3 
where none of their parent's trac~s were to Ue found. In this case, also, we ought to find the 

tracks of overy intermrdiato sizo, between th~ sm1llest and the largest; which is not tho case 
in nny in<>t:rncc where I have referred tracks of similar form to diffJrent spe~ics. 

\Yhere we mnke size the chief criterion of species, however, there is one source of error, 
which should be carefolly guj,rdcJ against. As fresh layers of mud were scc::essively brou!:!;:ht 
over lht· track, after it was imrresscd, it would be gra<lu1lly filled up: and the ex'rcmitic,j bci:l~ 
the mo;;t .sh:illowand narrow, wo:.Jk) befir~toblitcr:ncd; and the tr.lcks beco:ne shorter and s'.tort, 
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er; so that when the rock formed out of the mud should be cleaved open considerably abo¥e the 

original track, we should find the impressions indeed, but considerably shortened. But in this 
case the outlines will be indistinct; the claws will be wanting, and the toes too much rounded 

to be natural; so that we can usually determine whether we are much above or below the origin

al footmark. 

Olassificatio1t. 

So numerous have been the discoveries of fossil footmarks in Europe 
within a few years past, and so many spec~es occur in this country, that it 
will be at least convenient to have them designated by some appropriate 
scientific terms, and to arrange them in systematic order. I propose the 
term lclmolite (•x"' a track, and"''' a stone,) to include them all; and to be 
the name of the Class. I would divide this Class into Orders, depending 
upon the number of feet possessed by the animal that made the tracks: 
Polypodichnites, <"''"" ""'· and •x•••> to embrace those with more than four feet: 
Tetrapodiclmites, those with four feet; and Dipodiclmites, the bipeds. The 
last order will embrace uearly all those found in this country; and the two 
first orders, nearly all those yet found in Europe. I shall in this place notice 
only those found in the Connecticut valley. I shall describe the following 
species in the order in which they here stand. 

I have arranged these species under two sub-orders: the Sauroidiclmiles, 
(-"••e•<. .. 1., and •z•o;) or those resembling the track '!f a Saurian, or lizard; and 
Ornitlwidiclmites, (oe"" ul•; and 'X"' ·) or those resembling the track of a bird. 
These names, implying only resemblance, leave the real nature of the tracks 
open to discussion in the sequel. 

CLASS. lcHNOLITES. 

Order. Dipodichnites. 

a. Sauroidiclmites. 

1. S. BarraUii. 
2. hcteroclitus. 
3. Jacksoni. 
4. Emmonsii. 
Q· Ilaileyi. 
6. minilans. 
7. longipes. 
8. tenuissimus. 
9. p:ilmatus. 

10. polen:archius. 
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b. Ornithoidichnites. 

1. Pachydactyli. 

1. O. giganteus. 
2. tuberosus. 

3. expansus. 
4. cuneatus. 
5. parvulus. 

2. Leptodactyli. 

6. iogens. 
7. elegans. 
S. elegantior. 
9. Deanii. 

10. tenuis. 
11. macrodactylus. 
12. diva'ricatus. 

13. isa.dactylus. 
1-1. delicutulus. 

15. minimus. 

]6. tetradactylus. 
17. gracilior. 

1. SAUROIDICHNITES. 
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I. S. Barrattii. Toes iive, directed forward, although usually much curved; 
very thick, and tapering rapidly towards the extremity; terminated by a dis
tinct claw. Middle toe longest; length of the foot, excluding the heel, about 
S inches. Length of the step, 11 to 14 inches. Heel 2 inches long, and an 
inch wide. At its posterior extremity the)mpression of the tarsal joint is 
visible; and it seems that the leg did not rise perpendicularly, but was very 
much inclined. P late SO, iig. 1, shows this species, of the natural size. 

This very remarkable species was first pointed out to me by Dr. Joseph Barratt of Middle
town, in Connecticut, upon the flagstones of that city; and on this account, as well as in testi
lnony of respect for his scientific attainments, I have attached his name to the species. When 
he first showed it to me, I felt confident that I had at last found the tracks of a quadruped. But 
a careful examination of the only speci:;nens yet found, does not confirm this impression: but 
r.J.Lher the contrary. Only two slabs of slone, containing these tracks, have yet been found ~ 
and these are rather small, and a good deal worn by 15 or 20 years travel over them in the sid~ 
walk. Plate 48, fig. 44, represents one of these slabs, presented to me by Dr. Barratt. lts 
greatest length is 30 inches, and its greatest breadth 20 inches. With the exception of four 
::.mall tracks on the right band side of this stone, all the footmarks belong to the S. Barrattii: 
alLhough most of them are deficient in some part. At a, the five toes are quite distinct, and a 
part of the heel: the other part having been broken off. At b, all the track is effaced, except a 
part of the toes, which curve somewhat, and in a different direction from those of a. The same 
thing may be seen upon the other slab, Plate 48, fig. 45. And this I regard as perhaps the most 

61 
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convincing evidence, that the animal which ma<lc these trrcks, was a biped. For the trifid 

tracks, which were undoubtedly those of a Lipcd, are often curved to the right and lcfl in the 

Eame alternate manner, though in a less degree. c anJ don Plate 4S Fig. 44i appc:i.r to be 
tracks of the same species, moving in an opposite direction. They are mucb worn by being trod 

upon so long, yet some of the toes are ob\•ious. The distance between a and b is 13 inches : 

between c and d, it is about the same. 
lt occurred to me at first, that as both these rows of tracks are not far from the edge of the 

J;tone, they might have been made by the fore and hin<l feet of the animal, while the correspond

ing tracks on the other side are wanting But the 1·ight and left curvalure of the toes seems to 

show that this cannot have been the case. And besides, the tracks of a qua<lruped are not equi

distant from one another, as those upon these stones are, but longer and shorter intcrya\s allcr
uate. 

The other slab is in the possession of Dr. Barratt, and contains a greater number of tracks of 

the. species under consideration. It is about three feet long; and Plate 48, Fig. 45, was paint

ed by the artist from an accurate drawing sent me by Dr. Barratt, with a description. These 

l shall depend upon, rather than upon my own ; since my examination was made in much greater 
haste. 

It will be seen that this slab contains two rows of the five toed tracks, viz.: a, b, c, and d, g. 

The latter is interfered with by two trifid tracks, which are not probably connected with each 

other. There are also upon the stone, two distinct rows of thick toed trifid Ornlthoiclichnites ; 

the largest of which Dr. Barratt has named the 0. cuneatus; and which will be subseql1ently 

described. The five toed tracks show nothing but the toes; and a part of these are wanting. 

The length of the step of the S Barrattii, according to the tracks d, g, is 10 J-2 inches; and 

according to the tracks a, b, c, 12 inche-s.. The length or thQ toes in the latter series, is one inch 

nnd a half: in the other series, a part of lhc toes is wanting. The toes are terminated by a 

short nail. 

A single track, similar in appearance lo those just described, but with only 4 toes and a heel, 

may be st-'cn upon the lower right hand corner of the slone. The toes are one inch and a lrnlf 

long; and the nail on two of them is very perfectly preserved, one quarter of an inch Ion~. 

Dr. Barratt thinks it a different species from the S. Barrattii; and this is quite possible; although. 

the absence of one toe may be ea:sily explained upon a slab that has been so much exposed. 

Near this track is another with a heel and trifid anterior part. ~ 

The S. Barrattii occurs at Chicopee Factory Village, in Springfield; ancl, if I mistake not, in 

the north part of South Hadley. But in both these localities the specimens that have fallen un

cler my notice, are obscure. Aml wilh Dr. Barratt, I strongly suspect that l have cmbraccl.I two 

of three distinct species unaer this name. But l have- not yet been able to seize upon the chnr

actcr1:1 '\hereby they may be distinguished. 

2. S. heteroclitus. Toes three in front, narrow, ''ery much curved. Heel 
more than half an i11ch thick, and an inch long; stout, with a strong toe, three 
quarters of an inch long, proceeding 11early at right angles to the longest 
direction of the foot, from a point near the posterior extremity of the heel. 
J,ength of the toes, about an inch anti a quarter, and all of nearly equal 
length. Exhibited of natural size aud in relief, on Plate 30, Fig. 2. 

I have only one well marked specimen of this &ingular species, which was prorarcd at \Veth

n.sfiehl, .a1u.l is so tlistinct that J do not he:sitate to narr,e and descriLe it. l ha\·e been able to 
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SC'parate lhe specimen into several layers, so as to exam in~ the track through its whole vertical 
extent. The drawing was taken from a layer near the middle. And I feel confident that it 
exhibits a natural and not a Ji:otorte<l foot ma1 k. lt is obvious that the animal's leg as far as the 
tarsal joint, made an impression. 

1 have a single specimen from WeLher~field, and another from the locality between Cabotville 
nn<l Springfield, which differs from that just described, in having a quite short thumb on the 
inner side of the track. This character would form a distinct species: But as the heel is broken 
away in my specimens, I shall not name it as such. The specimen from 'Wethersfield is figured 

on Plate 3"1, F'ig. 14. 

S. S. Jacksoni. Toes three in front ; narrow, and much curved; about of 
equal length, which is a little short of an inch. Heel narrow, an inch am! a 
half Jong, curved in a direction opposite to that of the toes : small protuber
ance on the outer side of the curve, within half an inch of the extremity. 
Shown of the natural size, Plate SO, Fig. S. 

This species, no less heteroclitic than the last, occurs at \Vethersfie:d, in 
the same rock with the S. hcteroclitus: and it is possible that it may be a 
variety of that species. For in the only good specimen which I possess of 
it, and which I have been able to cleave into several layers, like the analo
gous specimen of the last species, there is a mark upon the uppermost layer 
but one, which might be regarded as a fourth toe, near the extremity of the 
heel. But that layer appears to be above the place where the animal trod, 
since, for the most part, the track is less distinct than on the two next layers 
beneath. Hence the fourth toe is not shown in the drawing. And even if 
it should be found that it belongs to this track, yet it differs from the S. 
heteroclitus, in the greater length of the heel, and in the much more slender 
and delicate character of every part. I have dedicated it to my friend, Dr. 
Charles T. Jackson, too well known to the scientific world to need any enco
mium from me. 

4. S. Emmonsii. Toes three in front ; middle one much the longest. 
Side toes nearly of equal length; proceeding from exactly opposite points of 
the middle toe, and making an angle with each other from 40" to 60". Heel 
narrow, about half an inch long, with a strong fourth toe, an inch long, pro
<'<'cding from its extremity, probably on the inside of the foot, and turned 
backward from a perpendicular to the middle toe. Length of the middle 
toe 2 to S inches: length of the foot from 2 1-2 to S 1-2 inches. Deepest 
impression made by the heel and posterior part of the toes. Plate SO, 
Fig. 4, shows, what I suppo>e to be the left foot, of the natural size: Plate 
.'H, Fig. 5, show5 the right foot; and Fig. 6, an impression of the latter, 
as seen upon a layer of the rock, one half an inch below the surface from 
which Fig. 5, was copied. 
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] strongly suspect Fig. 7, Plate 31, to be a different species from the above; allhougb 
closely resembling it. It is more common than the S. Emmonsii; is smaller, and rarely shows 

a fourth toe behind. The bind toe of the S. Emmonsii makes nearly as deep an impression as 

the heel ; showing that it must have proceeded almost exactly from the tarsal joint, whereas in 
this variety, it must have been higher upon the leg. But I have too rnany douLts on the subject 

to allow me to mark it as a distincl species. 
This species, to which I have attached the name of Professor Ebenezer Emmons, as a testi~ 

many of my high respect for his character, is found with remarkable distinctness upon the fine 

red slate of Wethersfield. At one spot there uncovered, the impressions of this and the follow
ing species are very numerous and distinct. An attempt is made on Plate 4S, Fig. 46, to 
show a slab of these tracks; although the hind toe is omitted, as indeed it most frequently is 

in all the species that occasionally show it . Nearly all the animals that impressed this slab, 
seem to have been moving in the same direction: but so numerous are the tracks (they nre not 
all shown in tlle drawing,) that I was not able to ohtain the length of the step with certainty, in 

the present or the following species. Some other parts of the slab were so foll of tracks, t.hat 
perfect confusion was produced by their interference. Yet when they do not interfere, they are 
more distinct on this variety of stone than on any other that I have seen. Jodeed, I have never 
but once seen tracks of living animals as distinct; and that was in Wethersfield, upon a clayey 
soil, resulting from the decomposition of this same red shale. 

Fig. 6, of Plate 31, will give an idea of the manner in which tracks frequently change 
their appearance in a vertical direction. This layer was a little below that on which the animal 
trod, and, therefore, we see the heel shortened, and the toes near their junction, blended. ln 
almost all cases the hind toe very soon disappears as we descend into the rock; showing that it 
did not make as deep an impression as the rest of the foot. Where the impressions are near to 
one another, as the toes, for instance, near the place of their separation on the foot, they are apt 
to become soon blended j as we should expect a priori. This circumstance is seen in tlie two 
left hand toes in the figure. The left hand toe appears to separate from the middle one, farther 
from the heel than the right hand toe. But Fig. 51 of Plate 31, shows that this was not 
the fact. 

5. 8. Baileyi. Toes three in front; middle one nearly twice as _long as 
the others. Outer and inner toes unequal in length: making an angle with 
each other of only :30" usually, but sometimes as great as 40°. All the toes 
straight, and terminating behind in a long straight very narrow heel; at least 
an inch and a halflong. Fourth toe proceeding from its extremity, and lying 
in various positions; but usually very much curved towards the line passing 
through the middle of the foot. Length of the middle toe, 8 to 4 inches: 
length of the whole foot, from 8 1-2 to 5 inches. Shown of the natural size, 
on· Plate 82, Fig. 8; except that the middle toe is partly wanting: also a 
smaller specimen with a fourth toe, on Plate 82, Fig. D. 

This curious species occurs in connection with the one last described, at 
'Vethersfield. Its great length, and the small divergence of the toes, render 
it very peculiar in its appearance. I have expressed a doubt as to the toe 
behind, for very few specimens show it: and those that have it, <lo not ex
hibit it in the same position. I hm·e little doubt, however, but it was a slen
der toe that made the impression, which could be put into different positions. 
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Usually it is seen as shown upon Fig. 9, Plate 92. But I think it some
times extends almost directly backwards from the tarsal joint; and in one 
instance it appears as if there were two hind toes connected with the same 
track. But this red slate is so full of tracks, that mo!!t probably one of them 
is the impression of some other foot. For it is not uncommon to see upon 
this slate the trace of a single toe, while all the rest of the track has been 
cleaved olf with the superior layers of the rock. 

Although this species, a1ong with the last, is shown on Plate 48, fig. 46, as rnm·ing by several 

successive steps in the same direction, yet I could not satisfy myself from the short examination 
which I gave to the slab before it was broken to pieces, as to the length of the step in either 

species. Could I have studied it at my leisure, I might probably have done it; and yet, many 
tracks are omitted in the sketch to prevent confusion. 

lt is possible that this and the last species may prove identical. Yet the greater length of the 

heel in the latter, the smaller divergence of the toes, and the difference in respect to the fourth or 
hind toe, seem to make them too distinct to be confounded. I dedicate the present species to 

Professor J. W. Bailey, of West Point, so well known for his successful researches into the fossil 
infusoria of this country. 

In examining the tracks of four footed living animals, I have often noticed that the hind foot 

frequently made an impression nearly in the same place as the fore foot. My attention, there· 

fore, was arrested by finding at Wethersfield several specimens, probably of the species last 

described, in which one track overlapped the other more than half the length of the foot. I have 

gi\'en a sketch of one of these specimens in relief, on Plate 32, Fig. 10: although one of the toes 
is so near the edge as scarcely to be seen upon the drawing. But I examined in vain for any 

other evidence at the place that the animal was a four footed one. And when I consider the 
great number of the tra<.ks at the locality, and thatthemajorityoflheanimalsseem to have been 

moving in the same direction, I doubt whether this interference of tracks may not have been <icci
dental. The facts now stated, however, will lead future observers to examine this point narrowly. 

I have been unable to decide in respect to the two last described species, whether it is the 

innnr or the outer toe that is longest; because I could not trace a succession of tracks. But since 

in all other cases, where J ha,•e been able to settle this point, it is an inner toe that is shortest, I 

douLt not but it is so in the present case. It may be doubted, however, whrthn in all cases the 

diff1::rence may nut chiefly be owing to the manner in which the animal planted its foot upon the 

mud, rather than to a real inequality. Yet the difference is often very striking. 

6. S. :Miizitans. Toes three in front: middle one much the longest: inner 
one shortest: lateral ones spreading from 60° to 80"': all of them frequently 
somewhat curved: the middle one bending a little inward, and the other two 
a little backward. Heel narrow and long, rising a little as it extends back
ward, so that the impression rarely extends as far as the tarsal joint. Fourth 
toe proceeding from the inside of the heel, usually about an inch behind the 
junction of the other toes, and commonly bent forward near its extremity; 
rarely more than an inch long. Length of the middle toe, S to 4.25 inches; 
Length of the foot, 6 to 7 inches: of the step, 15 to 17 inches. Plate ilS, Fig. 
11, is a sketch of one of these tracks of the natural size. 
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I first found this species i;pon a very har<l argillo-calcarccus rock in the Lottom of Chicopee 
river, at the Chicopee Factory Village. lt was there very distinct; and as the fourth or hind 
toe was bent considi:rably forward, it had a quite threatening asp,·ct; and hence J called it S. 
rninitans. The specimen exhibited on Plate 33, F.ig. l l, has less of this appearance than 
usual, becaase the hind toe Slopes baclrn•ard more than is common, and is not hent forwnrd. Jt 
·~vas obtained from a quarry on the north bank of Chicopee river, a little east of the village of 
Cabot ville. It forme<l one of a series of tracks, eight in number, that had been lai<l open by the 
quarrymen, as shown in Plate 48, Fig. 47. Between the first and second track the stouc 
had been broken away, and the distance was twice as great as betwe€'n the other tracks: so that 
there can be no doubt but there were nine tracks originally. Only the first one showed a fourth, 
or hind toe, or much extent of heel; and, therefore, they are not shown upon the drawing. 
This proves that the absence of a fourth toe and a heel, in some cases, does not render il certain 
that none existed: and it shows the need of caution in deciding upon the characters of species. 
The distance between these tracks varied from 15 to 17 inches. One of them was considerably 
out of the direct route, as is shown in the drawing; as if the animal stepped a little aside. 
Such cases are very common in the tracks of living animals. See Plate 4~, Fig. 74. 

This species has been found, besides the other localities, at a quarry a little south of Cabot~ 
"·ille, on the road to Springfield; in a loose specimen near a small stream between Hartford and 
Wethersfield, and at the Coye in the latter place. At the last locality, the track is consideraLly 
smaller than at Springfield; and my impression is, that it was made by another species of animal, 
though of the same genus. 

7. S. longipes. Toes three in front, middle oue longest : inner one short
est: lateral ones diverging between 70° and 80°. Heel very long: in some 
specimens, 6 inches: making an equally deep impression the whole distance. 
Fourth toe coming out from the heel, from an inch to an inch and a half be
hind the junction of the toes, at right angles nearly; half an inch long and on 
the inner side of the foot. Length of the middle toe, from 3 to 3.5 inches. 
Length of the foot, from 5 to 9 inches. Leuglh of tbe step, from 15 to 17 
inches. This species is shown of the natural size, on Plate 33, Fig. 
12. The fourth toe is not here seen distinctly, in consequence of some dis
turbance in the mud after the track was made, whereby the long heel is made 
a little crooked. 

I first found tbis curious species on the red and gray slates of \Vethersfiekl. There 1 found 
we.veral tracks in succession, which arc shown on Plate 48, Fig. 48. l have not put upon 
this figure the fourth toe, because it was indistinct upoa the stone iu those particular tracks ; al
though obvious upon others : ancl in all cases that 1 have se~n, it was on tlie inner side of tbe 
foot. lndeed, I have seen it upon the alternate tracks in succession. If this species had differed 
from S. minitaus only in the length of the heel, I should not have describ~d it as a new species : 
since the a~im~l might have the power or bringing down its heel horizontally, or of keeping it 
somewhat rnclrned. But the toes in this species are more divaricate: and more nearly of an 
equal length, than in S. minitans; and I have little doubt but they are distinct species. J have 
met with imperfect specimens of this, or an allied species, at Chicopee Factories in Springfield. 

8. S. te1111issimus. Toes three in front: long, very slender, and all of them 
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much curved inwards: micldle one somewhat longest. A fourth toe pro
~.cc;ls from the base of the other three, nearly at right angles to the direction 
of the middle front toe, and has about half as much length as that. It makes 
a deeper impression than any of the front toes, and is entirely straight. 
Length of the middle toe, and of course of the foot, 4 inches. Shown of the 
natural size, but considerably below where tlie animal trod, on Plate 94, 
Fig. IS. 

This appears to be an anomalous and somewhat doubtful species. I have but one ~ecimen, 

from Wethersfield, not perfect, and a still poorer one from the Horse Race in Gill. The former 

ls evidently an impression somewhat bdow the layer where the animal trod ; as only n part of 

the outer toe is shown. It is evident from this fact, that the greatest weight of 1he animal must 

have rallen upon the inner side of the foot, and upon the lateral toe. In the whole history of 

these tracks, J have never known another instance in which the hind toe made a deeper impression 

than the rest. \Vere it possible to refer this impression tc aoy other species; that is, to con

sider it as a modification of any other, I should not describe it as different. But it is so peculiar 

that I cannot conceive of its having been produced by any other species. I therE'fore give it a 

place, not without many doubts whether I have exhibited ils true character. I place it among 

the Sauroidichnites, rather than the Ornithoidichniles, because of the great curvature of its fore 

toes, and the peculiar form of the whole foot. 

9. S. palmatus. Toes four, all directed forward : The three outer ones 
resemble very much the three front toes of most of the species already des
cribed; the middle one being somewhat, but not very much, the longest; 
and those on each side, nearly equal. The inner or fourth toe is very short. 
Heel broad, but short. Length of the foot, 2 1-~ to 9 inches. Length of the 
step, 8 inrhes. Shown of the natural size and in relief, on Plate S4, Fig. 15. 

See also Fig. 16, which is probably a smaller track of the same species in its 
natural condition; that is, impressed upon the stone. 

I have met with this species only al the Horse Race in cm, on a gray fine micacPOUS 1>h1te. 

The only specimen I have found, where the trades art! in succession, is delint>att·d on Plate 34, 

Fig. 15. h will be seen from tint drawing, that the animal which made the track, was <l. bipC'J. 

For the short or fourth toe is found upon opposite sides of the fool in the d11fcrenl tracks i \\ hich 

wouW not be the case if it were maJe by the hind and fore foot of a quadrupeil i and the fact that 

both tracks pofot in almost exactly the same direction, is \\ilh difii.culty rPconciled to the idea. 

that they were made by the hi11d and forefeet of a quaJruped on diffl•n•nt sides nf the body I 

regret, however, not being able to .ftnd more nutnerou't specimens i as one is liable to n1i~takcs in 

juJging from a single specimen. The track f1om which Fig. Hi, P1ale ~~4. was sketclwtl, was 

found at the same locality, and is a very distinct example. But it nrnst h:Wt' lwrn made bJ the 

young of the S. palmatus, or ebe by anotht::r species of the same genus of animuls ]Ls tot·.s are 
.slightly curve<l. 

IO. S. polemarchius. Toes three in front, \'Cry narrow nnd mu eh rn1 nci in
wards: middle one 11 inches long: lateral on.cs >prC'adiug fi cm <'.'.Ge· 10 LC"': 

outer one G inches, and inner one 7 inches long. Heel S J -2 iuc];1 s "i1lc, 
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and extending b:ick from the place where the toes are inserted, 4 inches. 
Near its posterior extremity, on the inside, a fourth toe proceeds, nearly 3 
inches long, and almost at right angles to the direction of the middle toe. 
Fourth toe more than an inch above the bottom of the animal's heel: that is, 
the fourth toe does not make an impression so deep by more than an inch as 
the heel. Impression made by the heel and the toes unusually deep. On 
the posterior margin of the heel are fine radiated furrows, which are bent 
towards the inside of the foot. Length of the foot, 14 inches! Length of 
the step, 48 inches! Drawn of the natural size, on Plate 35, Fig. 17. 

This species, so gigantic and formidable in its rippearo.nce, occurs on the argillo-calcareous 
rock of Chicopee river, near the Factory Village. The rock is very hard, and the specimens 
usually very distinct, but difficult to be procured. Through the liberal assistance of Col. Joseph 
llryant, of Chicopee Factory Village, I have obtained two good specimens; of one of which 
Plate 35 is a copy. One is struck with the narrownt!ss of the toes compared with their 
great length; and also with the remarkable size of the heel ; not less than the hoof or an ox, ot 
horse. But when we see how deep into the mud both the toes and the heel have sunk, we can· 
not but see why the latter was so large; nor can we doubt but the animal possessing it, must 
have been very heavy. It is certainly a Hry remarkable track. 

In one spot I noticed what I ha"e seen distinctly no where else in respect to any othn track. 
'Two tracks were so situated as to render it very probable that the biped animal stood still there. 
They were about 9 inches apart. 

I regret that I did not have an opportunity to examine the place containing these tracks, till 
most of them had been either taken away by the quarrymen, or so mutilated as to be almost 
ruined. I have met with this species no wherf' else, except at the quarry already described, 
between Cabot ville and Springfield: and there the rock is too brittle to allow me to secure a 
specimen. 

2. 0RNITHOIDJCHNITES. 

<t. Pac!tydactyli. 

1. 0. giganleus. Toes three, all directed forward: spreading a little more 
than 40°: middle one somewhat longest: inner one rather shortest: Aver
:ige horizontal thickness, rather more than two inches: exhibiting distinct 
tuberous swellings. The inner toe has two of these, besides the enlarge
ment where it connects with the heel: the middle toe has three, and the out
er one still more: but so blended as to be not easily counted. Distinct 
claws proceed from near the middle of the rounded extremity of the toes: 
that on the tniddle toe, at least two inches long. Heel extending about 4 
inches behind the insertion of the toes, and being about 5 inches wide : its 
outer posterior extremity extends farther back, than its inner extremity. 
The heel makes an impression not quite so deep as the toe. Length of the 
foot, including the claw, 17 inches! Length of the step, usually 4 feet: some-
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times 6 feet! A specimen in relief is shown of the natural size, on Plate S6, 
Fig. 18. 

Upon the whole this is the most remarkable species or fossil footmark in the valley of the 
Connecticut. It is remarkable chieny, however, by its giant size: for in shape it corresponds 
almost precisely with the tracks of some living birds: although the great breadth of the toes is 
somewhat peculiar. I have carefully measured the foot of an African ostrich, the largest of liv
ing birds,-and on comparing it with the track under consideration, I find the latter to be just 
about four times the largest! The height of the ostrich, whose foot was measured, as he stoo<l 
in his natural position, was about 8 feet. This species of ostrich, however, has but two 
toes. 

Dul although of such enormous size, this is one of the most common tracks on the sandstone 
of this valley. The specimen delineated on Plate 36, was the first one that I found of this spe
cies ; and although I had then seen many olher species, and although this is as well marked as . 
any other, yet it was not till after a long time that I could persuade myself that it was a track ; 
so gigantic were its proportions. I found, howe\•er, that it was quite common at the locality in 
Northampton; more so than any other species. In several instances I found at that locality 
tracks of this description in succession; usuaJiy about four feet apart; but in one instance, six 
feet. Plate 47, Fig. 49, was sketched by the artist at this locality. It will be seen that 
there are four rows of tracks on this stone of the 0. giganteus, which are parallel and point 
in the same direction. The row most to the right, has only three tracks, probably because at 
the lower part of the sketch they have been obliterated by the waters of Connecticut river, and 
at the right hand side, they are concealed by a mass of sandstone, not yet removed as deep as 
the surface containing the tracks. The second row towards the left, contains six quite distinct 
tracks, which extend about 20 feet. Ju this row the alternalion of left and right foot is quite 
striking, as, indeed, it is in all the other tows. The third row contains nine tracks, and extends 
about 32 feet . These are not as distinct as the second row: still they may be recognized with
out difficulty by a little careful examination. The fourth row contains only three track£!. Prob
nbly these last were made upon a layer of rock above the present surface, and did not impress the 
surface except in three instances. Besides these rows, another crosses them almost at right an
gles, consisting of five tracks; and between.)he second and third, one has doubtless been obliter
ated. Two or three rows of smaller tracks may also be seen upon this surface, which are more 
or less broken. That surface has for a long time, J know not how long, been exposed, not only 
to the weather, but to be swept over by the water and ice whenever floods happen in Con
necticut river. Consequently it jg a good deal worn, and it requires considerable careful atten
tion to discover all the tracks exhibited on the Plate. They are seen to the best advantage 
when the sun is two or three hours past the meridfan. 

Jn addition to the four rows of tracks on Plate 47 of 0. Giganteus, which are parallel 
and point in the same direction, J have found at the same locality several other cases of the same 
kind, where the animals appear to have moved in the same direction. J infer from hence, that 
they were gregareous; and the same thing will he obvious in some other species, to be described. 
The rows of tracks arc usually about 3 or 4 feet apart : about the distance at which a drove of 
horses, or cattle, would move. 

The Northampton locality is the most northerly point where I have found the O. giganteus. 
Ilut as we go south, this species occurs at Cabot ville; at the locality between that village and 
Springfield; at the quarry on the hanks of Connecticut"river at Suffield; at Wt: lhersficld; at 
Middletown, and at the Chatham quarries. Truly, the animals that made these track.t, must 
have been lords of this valley in their days. 

62 
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I have already alluded to the great perfection of the tracks that occur in the fine red slate ot 

Wethersfield A few years since, an ice flood tore up a specimen of 0. giganteus from that 

rock, and although considerably weathered before I obtained it, yet it presents an unique exam

ple of what J conceive to be an impression of the slin of the animal's foot. The most prominent 

appearance is that of fine corrugations, or wrinkles, especially near the margin of the track, and 
on the sloping sides of the toes. In some parts, however, especially on the heel, there are slight 

cross furrows, which produc~ small papillre, exceedingly resembling those on the foC'l of some 

living animals, particularly birds. Plate 36, Fig. 19, is intended to represent this rugose 

and papillose appearance of the natural size, copied from. a portion of the track. 
The specimen described in the last paragraph, is in relief on the stone, and two of the toes 

exhibit the claws n1ost distinctly. The under side of the animal's toes at the extremity, is a 

gradual curve, like the toes of most living animals, so that the greatest thickness of the toe is an 

inch back of the end. Yet the claw has nearly as great vertical thickness, except near its point, 

as the toe in any part. This causes it to form a ridge in bold relief an the under side, as well 

ns at the extremity of the toe: that is, it seems to have made as deep an impression nearly 

through its whole extent, as any part of the toe. I rather infer from this fact, that there was a 

peculiarity in its structure, not found in the claws of living animals. But I have not examined 

those of living animals extensively enough to be confidept that none would make an impression 

like the fossil footmark under consideration. 

I h;we several times heard intelligent men, when shown the O. giganteus, make the inference 

that the track was originally smaller, but by some peculiar operation of the mud, (I know not 

what operation,) it became very much enlarged. And the sam,e inference they extended to other 

tracks. But several circumstances seem conclusive against such a view. V{e find the length of 

the step proportioned to the size of the tra,ck; as may be seen by referring to the description of 

the different species. This makes it almost certain, that the anim,als that made the tracks, dif

fered, either in size or the length of their legs, nearly in the same proportion as the tracks differ. 

Besides, even if we could conceive how a track could enlarge laterally, yet how could it possibly 

extend lengthwise and retain its shape, its heel, and its claws? I feel quite sure, therefore, that 

whenever we find a track upon the surface on which it was originally impressed, it will show us 

almost precisely the shape and size of the foot. The small changes produced in these respccls 
in a vertical direction, have already been considered. 

Among the multitude of tracks pointing in different directions on Plate 48l Fig. 53, 

which was sketched at the locality in Northampton, three may be seen in succession of the O. 

giganteus. The others are much smaller, and belong to the two following species. 

2. 0. tuberosus. Toes three in front; tuberous swellings remarkably dis
tinct, and almost hemispherical: two on the inner or shortest toe ; three on 
the middle toe, and a greater but indeterminate number on the outer toe. 
Claws distinct, from an inch to an inch and a half Jong. Middle toe very 
much the longest; lateral toes spreading from 25° to 35"; straight. Length of 
the middle toe, from 5 to 6 inches. Length of the foot, 7 to 8 inches. 
Length of the step, 18 to 33 inches. Shown in relief, but without claws, of 
the natural size, on Plate 37, Fig. 20: also on Fig. 21 of Plate 37, and Fig. 
22 of Plate 38. 

At first view this species may seem made by the young of 0. giganteus, being about half the 

size of that species. But I have not n:et wilh intermediate specimens. The tuberous swel-
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lings, also, on the small track, are more distinct and more nearly hemispherical than in the large 

one. The middle toe, likewise, in the former, is proportionally longer than in the latter. I have 

no doubt but they are quite distinct species. ] find more difficulty in separating it from some of 

the species that follow. 

The 0. tuberosus is more widely diffused thnn any other species. At Gill I found a slab con

taining numerous tracks in relief, which had been used for a flag-stone at Turner's Falls, and 

which is now in my Cabinet, through the liberality of W. Woodbridge, Esq., Director of the 

Upper Locks and Canals on Connecticut river. It probably came from the Horse Race, which 

is three miles above the fa lls: But it may have been taken out at the falls, since extensive exca

vations have been made there in a similar rock. Plate 48, Fig. 50, shows a part of this slab; 

the tracks being in relief. At the locality in Northampton this species is common. The two 

rows of tracks on P late 48, Fig. 52, I refer to the O. tuberosus; although they are much more 

delicate and slender than is usual, and the toes in the row in which the tracks are shortest, are 

more attenuated than in the other. Still the general form and proportion of the parts correspond 
to O. tuberosus; and I shall not describe them as different. On this slab, it will be seen that 

the animals were moving in almost exactly opposite directions. The tracks also follow one 
another nearly in a right line. The distance between them varies from 24 to 33 inches; which 

is certainly very great for the step of an animal with no larger foot. Part of the tracks on Plate 

48, Fig. 53, at the same locality, and some of the smaller ones on Plate 47, Fig. 49, are probably 
of this species. lt occurs, also, at Cabotville and Chicopee Factories, and at Wethersfield. Plate 

48, Fig. 54, shows two ro\Vs of tracks of this species on a large door stone near the north end 

of the street in Wethersfield, on the west side of the street. The slab was doubtless obtained 

from the rock at the Cove, which is only a few rods distant. The length of the foot is 6 jncheB, 

and of the step from 2 1 to 24 inches. It exists, also, at Middletown; and the drawing on Plate 

48, Fig. 45, has one row of three tracks, probably of this species. It occurs, also, at the Chat
ham quarries; as may be seen by a specimen exposed on the wall of the State Prison at \Veth
ersfield, near the south door of entrance. 

Plate 37, Fig. 20, was sketched of the mitural size, from a specimen obtained at Turner's 

Falls, on the l\lontague shore. The claws are wanting; but the tuberose swellings, from which 

the specific name was derived, are very distinct. Plate 37, Fig. 21, was found at Chicopee Fac
tories in Springfield, and shows the claws with considerable distinctness. Fig. 22, Plate 38, 

was from the same place; and shows the whole foot with remarkable distinclnE>ss, especially the 

claws. The toes spread more than usual; and it is altogether more delicate in every part than 

the 0. tubcrosus usually is. Yet at present I refer it to that species. It exists upon an argillo

calcarcous rock, which is vf>ry hard; and there is an appearance upon the surface, as if a thin 
sea wec<l lay beneath the foot of the animal. 

S. 0. e~11ans11s. Toes three in front; tuberose; spreading from 50° to 
70°: middle one somewhat longest: Claws distinct, an inch long: Heel 
narrow, somewhat wedge shaped. Length of the middle toe, from 4.5 to 5 
inches. J,ength of the foot, from G to 7 inches. Length of the step, from 
21 to ~G inches. Shown of the natural size OD Plate S8, Fig. 2S, and OD 

Plate S!l, Fig. 24, in relief. 

This specirs clitlCrs from O. tuberosus in being much more spreading; in having the middle 

toe consideraLly shorter, in proportion to the others; and in having a wedge shaped heel. N e\'· 

erthclc:ss, it is often very much mixed with the 0. tubcrosus; as on Plate iJS, Fig. 50, from 
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Turner's falls; and on Plate 48, Fig. 53, from Northampton; aod there are not a few tnterme
diate specimens as to divarication. But the shorter middle toe and the cuneale heel in the O. 
expansus, render it almost certain that it differs from the O. tub~rosus, so as to form a distinct 
species. Plate 39, Fig. 24, is a very distinct specimen from Wethersfield : But the toes are 
more slender than is usual in the species, and it has less divarication. Yet I think it must be 
regarded as belonging to O. expansus, though it differs from the next species, the O. cuneatus, 
in little except size. The truth is, that I have bef'n more perplexed with the species under con
sideration, and the preceding anJ succeeding species, than any others that I have described. And 
after doing tbe best in my po1ver, I shall have several specimens which I cannot confidently refer 
to any species which I have proposed. 

The 0. expansus appears more as if made by a web footed animal, than any other which I 
have found. Yet I have neyer seen any indentation made by the margin of the web. But from 
observation upon the tracks of gecse

1 
upon the tenacious red clayey mud of this valley, I find 

that such an indentation does not always appear; though it does ordinarily. Perhaps the next 
species can lay nearly an equal claim to be regarded as web footed. Yet neither in this, has 
any distinct mark of the web ever been found. .. 

4. 0. cuneatus. (Barratt.) Toes three, spreading at an angle from 60° to 
75°: somewhat tuberose: middle one somewhat longest: Heel cuneate: 
Claws one third of an inch long. Length of the middle toe, 2.5 inches: 
Length of the foot, 3.5 to 4.5 inches: Length of the step, from 8 to 12 
inches. Shown of the natural size, but smaller than usual, on Plate 39, 
Fig. 25. 

I am indebted to Dr. Joseph Barratt for the name and distinguishing character of this species. 
He calls it O. cuueatus, from the wedge shaped form of the animal's foot. A row of five tracks 
of this species is shown upon Plate 4S, Fig. 45, which was copied from a slab found in Middletown, 
and has been already described. Dr. Barratt has sent me an outline of one cf these tracks, which 
is given in Fig. 1061 on the next page. The claw on one of Lbe tot's is wanting. The steps on 
this slab vary from 8 to 10 inches. Dr. Barratladds,that ''the shortness of the step, and the depth 
of the impression, indicate a short-legged heavy bird. Onanotber paving stone, I have found two 
tracks of Lb is species, in bold relief; one of which is in advance of its fellow, only an inch and 
a hair; and their margins approach within half an inch, indicaling that the bird there stood still." 

This species is found at Wethersfield, and in tbe north part of South Hadley. I have in mv 
cabinet a specimen of coarse gray gritstone, long used by a farmer in South Hadley for a cloo~r 
step, which contains four distinct tracks of this specles in relief, as sl10wn on Plate 48, Fig. 55. 
The length of the foot is about 3.5 inches, although the claws are wanting, and most of the 
protuberances on the toes, probably from long use. The distance between the tracks is about 10 
inches; and they furnish a fine example of a succession of steps. They are not upon a right 
Hne: but if a line be made to connect the centers of the first and last tracks, the heel of the 
two intermediate ones, will lie the one 2 inches lo the right, and the other 2 inches to the Jeft 
of the line. I iafer from these facts, that the body of the animal that made them, must have 
been rather broad, and its legs short; since such is the manner in which Jiving animals of this 
descriptio!l make their footmarks upon the mud : as may be seen by the sketch of a row of 
goose tracks on Plate 501 Fig. 81. 
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Fig. !06. 

I cannot point out any important difference between this species and the O. expansus, except 
their size, which is nearly double in the latter to what it is in tbe former, and that loo in linear 
extent. I cannot believe that so great a diversity in this respect is consistent with identity of 
species : though this point may not be considered so certain as it would be desirable to have it. 

5. 0. parmelus. Toes three, probably with claws, spreading but little: 
middle one considerably longest: one of the lateral ones shortest. Length of 
the middle toe, 0.5 inch to 0.8 inch. Length of the foot, from three quar
ters of an inch to an inch and a quarter. Length of the step, 5 inches. 
Plate S9, Fig. 26, shows the only specimen and all the tracks of this species 
that I have seen. They are in relief. 

The shape and proportions of this species are almost exactly like those of O. gigauteus: but 
how different in size! I have never seen an es.ample ofitexcept on the slab from the side walks 
of Middletown, sketched on Plate 48, Fig. 44. Ne:ir one side oftbis stone, where the surface is 
but little worn by the tread of men, are the four tr"cks reprPsenled of lhe natural size on Plato 
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39, Fig. 26. The successive tracks are brought twice as near lo each other on the drav.·ing, as 

they are on the stone. But some slight protuberances about midway between them, have led me 

to suppose that another track once existed there: Yet I do not feel quite confident of it: for the 
indications of it are very slight. ]f no such track existed, then the length of the step must have 

been 10 inches; which is out of all proportion for so small a foot. 
The most remarkable circumstance about this track, is the occurrence of two impressions to

gether, of very unequal size: the smaller one occupying the same relative position in respect to 

the larger one in both instances, except that it is on different sides of the foot. The enquiry is 
very natural, whether they were not made by a marsupial quadruped, whose fore feet were much 
smaller than the bind ones. This might be a probable conjecture, 'vere not the shape of the 

tracks so much like that of the other Pachydactyli, which have been described: and it seems to 
be settled beyond all reasonable doubt, that all these were formed by bipeds. I cannot suggest 

any other method of explaining this anomaly, unless it be to resort to the supposition that the 
smaller tracks were made by the young of the larger animals that formed the layer: and in that 

hypothesis I have but little confidence. Probably the discovery of a few more tracks of this 
kind might clear up the difficulty, which I confess myself at present unable to solve. I ought 

perhaps, however, to suggest, that it is possible these are not real tracks, but rather examples o( 

those vermiform bodies, which are not unfrequent on the sandstone of this valley, and a specimen 

of which is exhibited on Fig. 98. For on other parts of the stone containing these supposed tracke, 
are some slight protuberances, a little analogous to these, yet not showing any tendency to a 
trifid arrangemP-nt. Indeed, it would be passing strange, if in the space of a few inches, four of 
these vermiform bodies should assume the exact form of tracks, when I have never noticed any 
tendency to such a form in all the more distinct specimens which I have seen. In short, I may 
as well cease attempting to solve this enigma, until more light shall come from further facts. 

b. Leptodactyli. 

6. 0. ingens. Toes three in front, narrow, tapering to a point; spreading 
between 50" and 60": middle one somewhat longest: the lateral ones about 
equal: deepest impression made by them forward of their middle part. 
Heel large, making its deepest impression several inches behind the junc
tion of the toes, and leaving a ridge between the toes and the heel: not 
8inking as deep as the toes by at least an inch. Radiating ridges and fur
rows proceeding outward from the center of the heel upon its anterior slope. 
Length of the middle toe, in the longest specimen, from the middle of the 
ridge between it and the heel, 15 or 16 inches: Length of the heel from 
the same point to the extremity of the radiating ridges, 8 or !) inches: 
J,ength of the whole foot, from 23 to 25 inches! Length of the step, from 
40 to 72 inches ! Shown of the natural size on Plate 40, fig. 27. 

This species occurs only upon the blue shale at the Horse Race in Gill, and I have not suc

ceeded in obtaining but one or two perfl'ct specimens. Plate40, Fig. 27, gives a less di:slinct 
view of the species than the ~recimen itself. It is necessary, however, to examine the heel 

on the upper side, and the toes on the undN sille, in order lo see them distinctly j because the 
latter are a good deal filled up where the heel is most obvious: But the heel scarcely shows 

itself on lht: under side, where the toes arc most distinct. Only a few of the largest specimens 
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of these tracks appeared at the locality, and these were injured by the quarrymen. The step 

however, was six feet; and in one or two of the tracks, it seemed as if the animal was moving 

rapidly; or down hill, for the mud would seem to have been crowded forward a little, so a to 

form a ridge around the track, two or three inches high. Indeed, the impression made on the 

mud was nearly as deep, and the pressure apparently almost as great, as I have seen from the 

tread of an elephant od" mud. It is difficult to determine from the very gradual slope of the 

poster:or part of the heel upwards, precisely how far backward the knob that made the impres

sion extended. But if, as I have suggested, the ridges nnd furrows owed their origin lo the 

rugosities of the skin on the heel, it extended back as far at least as these extend: And this 

would make the entire length of the track two feet! But truly gigantic as these dimensions 
appear, aud fa'" :su1·pa::.::tiug a::1 they tlu all a11alogous li\ ing animals, I am of opinion that the ani

mal which produced this track, was not as large and hea\')' as that which formed the O. gigante

us. For the narrow toes of the 0. ingens, (which are not well shown in the Plate,) have not 

half as much under surface as those of O. giganteus: So that when the heel did not reach the 

ground, as was probably in general the case with the O. ingens, the basis of support was far less 
than in the 0. giganleus, and yet, the depth of the impression was, to say the least, quite as 

great in the latter as in the former . And even when the heel was brought ID cJ; tact with the 
mud, the under surface of the foot must have been leios in the O. ingens th:in in the O. gi

ganteus. 
It is obvious, however, that the depth of a track is no sure index of the weight of the ani

mal : for this must in a great measure depend upon the state of the mud. But it is safe to cal

culate the weight of the animal from the means which Providence has provided to prevent its 

sinking in the mud ; since the adaptations of nature to animal wants are made with almost 

mathematical precision. And as above remarked, the entire surface of the 0. ingcns must be 

considerably less than that of 0. giganteus ; and, therefore, I infer that the author of the latter 

must have been lord paramount in this valley. But after all, this is only a question which o( 

two confessedly enormous giants was the largest. 
That the object of the heel of 0. ingens was to prevent the animal from sinking too deep in 

the mud, must be manifest to every reflecting mind. Equally obvious is it that the lhick tees of 

the Pachydactyli would serve a similar purpose. And in these facts we perceive evidence that 

the same infinite wisdom was in exercise in those remote ages of the world, to adapt the organs 

of animals to their varying conditions, of which we now witness so many remarkable exhi

bitions. 
In another part of the same quarry at the Horse Race, in which occur the specimens of O. 

ingens, that have been described, we find a series of tracks, pr,lbably of the same species, but 

considerably smaller. They are wanting in the heel altogether; and I apprehend that the lay· 

er on which I saw them, was below that on which the animal trod. The middle lOe is 12 inches 

long, aml the length of the step vari~s from 42 to 45 inches. The row varies considerably rrom 

n right line; and the right and left foot are obvious. The series is shown on Plate 49 Fig. 56. 

7. 0. elegans. Toes three in front; spreading about 60": middle 
one much the longest and stoutest; gracefully curved inward: lateral ones 
turned outward from the middle toe, near their extremity: inner one con
siderably shortest. None of the toes are apparently connected with the 
heel, which is more or less separated from them by a ridge, nearly as high 
as the general surface of the stone. The deepest impression is made by 
the middle toe near its middle part; and here it sinks nearly half an inch 



492 Scientific Geology. 

deeper than the heel. Heel rather oblong, showing small ridges and fur
tows at the bottom, which give the posterior part of the track a scopiform 
appearance. Length of the middle toe, from 4.5 to 6 inches; of the out
er toe, S inches; of the inner one, 2.5 inches. Length of the whole foot, 
including the heel, from 6 to 7 inches. Length of the step; from 12 to 21 
inches. Shown of the natural size on Plate 41 Fig. 28. Also on Fig. 29, is 
sketched a more slender specimen, with the toes remarkably bent inwards. 

This very distinct and handsome ~pccies WM the one that first callerl my attention to the sub

ject of footmarks; and at the most northerly localities it predominates over all the other species. 

In its general shape, and also in its heel, it very much resembles the 0. in.gens. But I must be

lieve it to have been produced by another species, probably of the same genus. In the majority 

of cases, the heel is wanting: but the toes of this species alone can in general easily be distin

guished by the gracefulness of their curves, the depth of the impression made by the middle one, 

and its great relative length. ~ 
Plate 48, Fig. 57 is a slab containing the O. elegans, from the southwest part of Mont.ague ; 

and is the first specimen of fossil footmarks that ever fell under my notice; having been pointed 

out to me by Dr. James Deane of Greenfield. They are e:<ceedingly distinct, though few in 

number. Two animals appear here to have been proceeding in Lbe same direction. A third 

track just begins to show itself in continuation of the right hand row upon the edge of the 

stone, though the whole slab is not shown in the drawing. I have the slab which was split off 

from this specimen, and it shows the tracks very perceptibly in relief. 

Plate 48, Fig. 581 shows one row of ten tracks and another of four, probably of this species, 

although the heel is wanting, as they appeared upon the blue slate at the Horse Race. The 

length of the step here was only about 12 inches, and the length of the toes, 4 inches. It may 

hence be reasonably doubted whether this example ought not to be referred to a different species. 

But at present I prefer to bring them under this species. Had the drawing been enlarged, many 

other tracks might have been brought upon it ; and, indeed, it does show a row of smaller tracb, 

crossing the row first described, almost at right angles; aod one insulated track. 

Figs. 59, 60, 61, and 62, Plate 481 are all sketches of slabs in my cabinet from the Horse 

Race; all the tracks being probably the 0. elegans. Figs. 59, and 60, are depressed tracks, or 

tracks in their natural position. But Figs. 61 and 62, are in relief. The tracks vary from four 

to six inches in length, and the heel is rarely visible. On Fig. 59, the succession of steps is 

quite obvious, although this layer, having been probably a little below that on which the animal 

trod, causes the tntcks to be less distinct than usual. Jn general they are exceedingly distinct 

upon these slabs, which are all gray fine micaceous sandstone, or shale, resembling not a little 

that variety of mica slate which is passing into argillaceous slate. On Figs. 60, 61 1 62, the 

tracks appear for the most part unconnected ; yet some of them are in succession ; and as the 

slabs lay in the quarry, the most of them were connected with others beyond the limits of the 

parts here sketched. 
Plate41, Fig. 29, is a remarkably distinct and quite peculiar specimen on the red slate o( 

\Vethersfiel~. :he toes are so much more slender than the specimens already described, that I 

was at first mchned to refer it to the 0. macrodactylus, to be hereafter examined. But the heel in 

that species seems to be little more than the continualion backward of the middle toe. Whereaa 

in this specimen a ridge rises bchinJ the toes, before any heel appears ; as is the case with O. 

elegans and one or two other species. And although the heel in Fig. 29, is broken off, if one ex

isted, yet I have little doubt but the •pecimen ought to be regarded as 0. elegans; and I suppose 
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the toes appear more slender be"Cause the impression was made upon different mud, from that on 
which the other tracks of this species were formed. 

This species is the O. di versus u clarus, of my memoir in the 29th volume of the American 
Journal of Science. I have not met with it at any qu;;irry south of .l\Jontague, except at \Veth
ersfield. 

8. 0. elegantior. Toes three in front, spreading about 70": middle one 
much longer than the others, and broader towards its anterior part, where the 
impression is much deeper than in any other part of tb.e foot. Middle toe 
slightly curved inward; lateral ones straight: inner toe shortest. Slight 
radiating ridges and furrows behind the heel, but no distinct impression of a 
heel, on any specimen in my collection. Length of the middle toe, 2 to 
2.5 inches : including the radiating ridges, S.5 inches. Length of the 
step, from 5.5 to 9 inches. Shown of tb.e natural size on Plate 42, Fig. 
30: the largest track on that drawing being of that species. 

I cannot point out any well marked distinction between this species and the O. elegans, except 
in size. It might, therefore, have been made by thP. young of the former species: but where 
the difference in size is so great, I am not disposed to adopt that view of the subject. I have 
therefore, made a new species of it. The absence of the heel probably resulted from the fact 
that thci layers on which the few specimens in my Collection occur, were below that which re
ceived the impressions of the heel. Yet the presence of radiating ridges and furrows behind the 
toes, serves to confirm the explanation which I have given of this phenomenon, since it shows 
that this appearance may be communicated some distance downward. But 1 apprehend this was 
done rather by th~ lifting up of the mud, as it followed the heel, than by the pressure down
ward. This ~pecies is distinguished from all others, except the O. elegans, by the graceful curva
ture of the toes, and by the S\velling out of the middle one towards its anterior part, and the 
great depth of the impression there. 

I have not met with this species except at the Horse Race in Gill, in the southwest part of 
Montague, where it occurs with the O. clegJns, and in the north part of South Hadley On 
Plate 48, Fig. 5S, the row of five small tracks, crossing the rows of 0. elegans at the Horse Race, 
belongs to this species. Jn that row the distance between the first and second track is double to 
that between the other tracks. I hence infer that one has been there obliterated. In the speci
men from South Hadley, the d:stance between the steps is 10 inches, and the right and left foot 
can be distinguished by the curvature of the middle toe. 

This species is the Ornithichnites diversus fl· plal!Jdactylus, of my memoir in the 29th volume 
of the American Journal of Science. 

9. 0. Deanii. Toes three in front, quite narrow, spreading from 60" to 
70": middle one considerably the longest and slightly curved inward: inner 
toe shortest: lateral toes very much curved outwards, especially towards the 
anterior extremity. Heel broad, attached immediately to the toes, or with 
only a slight elevation between them, making an impression as deep as the 
toes: sometimes delicate radiating ridges and furrows appear at its anterior 
part, but usually they are wanting. Length of the middle toe, from 2.5 to 
S inches: length of the whole foot, 4 to 4.5 inches. Length of the step, 9 

63 
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to 12 inches. Shown of the natural size on Plate 42, Fig. SI. Fig. 32, 
Plate 42, shows also a specimen in which the toes are less divaricate than 
usual, and slight ridges and furrows appear around the heel ; which makes 
but a slight impression. 

This species approaches nearer to the O. eieg:i.ns an<l clegantior than to any otht:r. But it 
differs from them in being far wider where the toes are connt>cled with the heel, in ha\·ing 

the toes connected with the heel withut an intervening ridge, in the much greater cutward curva· 

lure of the lateral toes, in }.aving: all tl1e toes more nnrrow 1 and in the middle one's not sinking 

deepest towards its tip. lt is a beautiful species, and the sp€cimens of it on the fine red shale of 

'Vcthersfield, wl1erc alone I have met with it, are \·ery y:erfed. ] h<we dedicated h, as a testi~ 

many of respect, to Dr. James Dean of Greenfield> who first called my attention to tht: subject of 

fossil footmarks. 

10. 0. tenuis. Toes three in front, spreading from 50" to 60": very slen
der: middle one much the longest and nearly straight: lateral ones curved 
outwards: inner one shortest, Heel broad where connected with the toes, 
but rarely making an impression, so that its precise form has not been ascer
tained. Length of the middle toe, about two inches: of the foot, 2.75 
inches: of the step uncertain; probably about 7 inches. Shown of the 
natural size, but less slender and delicate than usual, on Plate 43, Fig. 93. 
Fig. 34, shows a m01·e deli<;ate specimen, but not an unusual one. 

The form and proportions "'f O. tennis scarcely dilfer from those of 0. DPanii: but there is 

usually a slenderness and delicacy about the former, that pretly clearty m1rk: it from the latler ; 

although both I doubt not were made liy congenericanimats. It al'so differs too much in size from 

the O. Deanii, to be placed under the same species, according to my views of the matter. The 

sketch of this species on Plate 43, Fig. 33, was taken from a specimen less slender and delicate 

than is usual, but Fig. 34, shows one much more attenu1ted. lt is a very distinct and beautiful 

track; and occurs somewhat plentifuHy upon the fine red slate of Wethersfield. But the trnclts 

being nun1erous and much confused,] did not trace out the successive steps on th& stone, Hll it 
was broken into small specimens; so that lam doubtful as to the tenglh of the step. ]l probably 

occurs, also, at Chicopee FaUs: but I cannot certainty identify th.e specimens~ 

11. 0. macrodactylus. Toes three, all in front: diverging from 40"· to 55": 
very slender: middle one straight, anu almost twice as long as the inner one, 
which is the shortest: lateral toes nearly straight, slightly CUl'l'ing outward 
near their tips. Heel rather short and very narrow ; being little more than 
a prolongation backward of the middle toe. Impression nearly of equal 
depth in every part of the foot. Length of the foot from 5 to 6 inches. 
Length of the middle toe, from 4.5 to 4.7 inches. S.hown of the natural 
size, but with rather thicker toes and more spreading than usual, on Plate 
43, Fig. 95. 

This s;>ecies is distinguished fro:n all others by the grenl relative length of the middle toe; 

by the sm:ill divergence of the lateral toes; by their straightness; by the chai:acter of the heel, 
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Md the unlform depth of the impression over the whole foot. The drawing on Plate 43, Fig. 
35, was made from a specimen of which the toes were a little wiJer than usual ; perhaps be~ 
cause the layer of rock containing it may ha,·e been a little below that on which the anim~l tr~d. 
The middl~ toe aho, by some subsequent movement of the mud, is turned si<l:wise near its ~ip, 
Usually the middle toe, at the Collom of the impression, is little wider than the blade of a kmfe, 
and the layers of rock are bent downwards almost perpendicular to the surface. Th~ impression 
of this toe, also, sometimes exhibits a slightly serpentine <>r waving course as if the very slender 
toe was bent oue w;;iy or the other: although this appearance may ha\'e been produced by some 
slight lateral movement of the mud after the impression was made. Th.is species l have met 
only at Wethersfield and Cabotville. At the latter place) the tracks are in succE'ssion: bllt I bad 
opportunity to measure none which were satisfactory to obtain the length of the step. The 
specific name (long-toed,) refers particularly to the middle toe. 

Under O. elegans l have already given the reasons that lead me to suppose that the specimen 
on Plate 41, Fig. 29, should be referred to that rather than to the present species. 

12. 0. divaricatus. Toes three, all in front; thick, spreading from 75eo to 
85": lateral ones somewhat curved outward towards the tip; nearly equal in 
length: the inn.er one rather shortest: middle one about one third longer 
than the others: considerably curved inward: all of them acuminate. Heel 
entirely wanting. Length of the foot to the point where the toes meet, 4 to 
6 inches. Length of the step, 15 to 21 inches. Shown of the natural size 
in relief, on Plate 4-1, Fig. 36 ; also on Fig. 37. 

No species of the Leptodaclyli has so thick toes as this: and had I been able to satisfy myself 
that it has distinct clffws proceeding from the rounded tip of the toe, like all the Pachydactyli, J 
should have placed it under that family. Not improbably it ought to be placed there. But most 
of the specimens of it in my possession have been used for flagging stones until they are much 
worn, and thus the precise character of the toes is very much obscured. However, this is oot 
a point of much importance: although no one can examine the specimens of footmarks without 
seeing at once, that there is a very obvious line of distinction between the Lepto<lactyli and the 
Pachydaclyli. That the O. divaricatus is a distinct species, is very obvious. The wide spread 
toes., their 3p(Jroach to equality as to length, their thickness, and the absence of a distiuct heel) 
mark it off from all others. In form it comes nearest th~ 0. expansus: but this is one of the 
thickest toed species; and nen if 0. divaricatus should be found to- belong to the Pachyrlactyli, 
it will be one of the narrowest toc<l species of that family. 

Northampton is the locality most abounding in this species. Plate 48, Fig. 63, represents .a 
sJab, which the Selectmen of Northampton allowC"d me to replace in tbe si<lewalks of that 
place, by another stone, {Ind it is now in my cabinet. A row of O. divaricatus proceeds 
from each of the lower corners towards the middle of the opposite side. Although a toe is 
efface<l on two of the tracks, yet upon the whole, the examples which they present are very 
striking and sati::.factory. The distance between the tracks is uniform; being 22 inches in the 
Jeft hand row, and 20 inches in thr. right hand row. The size of the track, also) and the diva
rication of the lateral toes, corresron<l almost perfectly en the difierent tracks. The curvati.;re 
of the middle toe, also, towards the general line of direction of the steps, is quite striking, and 
points out very distinctly lhe rig.ht and left foot; as does also the rositinn of the tracks on the 
right and left side of the general course of the steps. This slnb was obtained from the quarr il"'9 
ill the southeast part of Northampton. 
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Plate ·JS, Fig. 6·1 1 shows another slab from the s::ime locality, which I was allowed to replace 
by another, in the front yard of Dr. Sylvc~t!r Graham, at Northampton, and it is now in my 
cabinet. lt contains two rows of tracks. One of them shows the parts of only two tracks, 
which appear to be the same as those sketched on Plate 48, Fig. 63. The other row ~ontains 
fi\'C tracks, very 1.li\·aricate, considerably removed to the right and left tif the general course, 
and the middle toe is a good deal curved to the right and left; so that the right and left track 
can easily be distinguished. Jn all these respects, as well as in the absence of a distinct hcd 1 

this track corresponds to tlie O. divaricatus. Yet the track is considerably smaller, being only 
about 4 inches long, and the step 15 inches; except the last one in the row, ·which is only 12 
inches. It may not, therefore, have been made by the same species of animal as the O. divari~ 
catuS on the other slab: but I shall regard them as identical. But ::is they are considerably worn, 
it is not impossible that they belong to the 0. cuneatus, "hich they somewhat resemble in size 
and form. 

The O. di,·aricatus is rather abundant at the quarry near the east part of the village of C;;ibol
ville, where they existed, as tbe quarrymen informed me, in rows of considerable e:Jtent. }"'ig. 
37, Plate 44, shows also a remarkably c:Hstinc~ specimen in relief OD tbe red slate of \rYethers
field, which I am disposed to refer to this species. 'l'herewe see a small but distinct heel, which 
is the principal objection against considering it as the v~esent species. Jf it be not this species, 
I can think of no other to which to refer it, unless it be an anomalous variety of 0. Deanii. But 
that the O. divaricatus must have ltad a heel, cannot be doubted. My supposilion is, that the 
toes were inserted into the heel at so elevated a point, that generally the toc-s only reached the mud. 

The animal that made the 0. divaricatus must have been a stout one, with a rather wide 
body; as appears from the dislance to the right and left o( the general course, at which the 
tracks were made. The Jength of its leg, also, must have been considerable; although not as 
great as that of some other of these animals of sandstone days. 

13. 0. isodacty_lus. Toes three, all in front: straight: lateral ones spread
ing from 90° to 120°; rarely more than ll0°: nearly equal in length: 
usually straight: rather stout. Heel indistinct, often wanting, and the stone 
raised above the general surface where the toes unite. Length of the foot, 
from 1.5 inch to 2 inches. Length of the step, 4 inches. Shown of the 
natural size, but more than usually divaricate, on Plate 45, Fig. 38: also on 
Fig.39. 

This species is the 0. minimus of my memoir in the 29th volume or fhe Axnei:ican Journal of 
Science: but having discovered still smallef' ~racks, it became desirable to attach another name 
to this species; and the term isodactylus, ~ equal-toed, whirh I have taken the liberty to con
struct from the Greek uto~ and d<tr.ruloc, expresses a character which is more nearly true of this 
than of any other species; viz. an equality in the length of the toes. The middle toe, how
ever, is always longest. Its most common locality is the Horse Race; where I found several 
tracks in succession, which were 4 inches apart. I have also referred some specimens to this 
species from Wethersfield; one of which is figured on Plate 45, Fig. 39; not however without 
doubt whether I am correct. For the tracks at this place are larger, less divaricate, and the 
middle toe is longer in proportion to the others than at the Horse Race. I have a single track, 
also, from the south part of Montague, which l bring under this species, not without a good deal 
of hesitation. In one respect this species differs from all others; and that is, in the wic!er 
spread of the lateral toes; although Plate 45, Fig. 38, is more divaricate than usual ; and I sus· 
peel more so than is natural. 
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14. 0. delicatulus. Toes three, all in front; narrow, middle one nearly 
straight; a third longer than the others: lateral ones slightly curved towards 
the middle one; spreading 40Q: nearly of equal length. Heel nearly cir
cular; large, distinct. Impression of the toes and heel nearly of equal depth 
and distinct: of the toes, sharp. Length of the middle toe, an inch and two 
tenths: of the heel, four tenths of an inch: of the whole foot, an inch and a 
half. Length of the step, S inches. Shown of the natural size, in relief, 
but too clumsy, on Plate 45, Fig. 40. 

This vory elegant species occurs at that most prolific locality, the fine red slate at the Cove in 
\Vethersfield ; which we might !Ouppose formed a thoroughfare for all the t.ridactylous and tetra
dactylous animals of the Connecticut valley, in sandstone days. I have found but few speci

mens, and yet they are too distinct and peculiar to allow me to refer them to any other species. 

Hi. 0. minimus. Toes three, all in front ; narrow: middle one about a 
quarter longer than the outer one: a little curved inwards: lateral toes 
spreading from 70"' to 100~; somewhat curved outwards. Heel rarely 
making an impression. Length of the middle toe, from four to nine tenths 
of an inch. Length of the step, u~ually S inches. Shown of the largest 
size, on Plate 45, Fig. 41. On Plate 42, Fig. SO, is exhibited a number of 
tracks of this species, some of them very small. 

This species occurs at several localities: but perhaps most abundantly at Wethersfield, on tho 

red slate. Plate 45 1 fig. 41, was obtained at that place; and shows two successive tracks most 
distinctly: one of which is turned a little towards the right, and the other toward.i the lefi. 

Plate 42, Fjg. 30, was sketched from a slab obtained in thenorlh part of South I-Iadlr.y, ofgr:iy 

mir.aceous sandstone. Some of these tracks nre much smaller than this species usually is; and 
two of this description I have no doubt are tracks in succession. Tracks equally small occur at 

the Ilorso Race in Gill, and some of the usual size. It is an elP.gomt little species, an<l truly, 

when compared with the enormous 0. giganteus and ingens, it deserves the n.i.me of O. minimus. 

16. 0. tetradactyl11s. Toes four, three of them in front: middle one about 
a third longer than the others: nearly straight: lateral toes spreading from 
G0° to soc: curving slightly outwards toward their tips: fourth toe proceed· 
ing from the inner side of the foot, and running obliquely backwards, so as 
to form a prolongation of the outer lateral toe: sometimes slightly curved 
forwards: length about ap ipch and a half. Heel rather narrow; short, im
pressing the stone obliquely behind, Length of the foot, exclusive of the 
fourth toe, 2.5 to S,5 inches. Length of the step, 10 to 12 inches 1 
Shown of the natural size on Plate 46, Fig. 42. 

Some specimens of this species often arrest the attention more than those of any other, be
cause tht!y so exactly resemble in shape and size the tracks of some domestic fowls; as the 

common hen and \he turkey. But as a species, this traclc is oflcn more dHficult to di$tiaguish 
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than almost any other, because the fourth or hind toe is So often wanting. On the onlmal, as is 
the case with many !iring species, this toe must have been attached to the tarso-melatarsus, 
higher upon the foot than the other toes ; so that unless the front toes sunk deep into t1.e mud, 
the him..1 toe would nol reach the ground. Usu:illy, also, such toes slant towards the 
ground; ar.d hence we toften see the impression of their extremity, while a space remains unim
pressed, between that point an<l the junction of the other toes. This fact is ofltm exhibited in 
fossil footm::uks, as well ::is in those of li\'ing bircls. lndeed, in the former, so much space some
times inlenenes between the impression of the fourth toe and the heel, that one is in doubt 
whether that impression may not be the remnant of anolher t1ack, and not connecteJ with the 
three front toes near it. However, the fourlh toe is pretty uniformly on the line of the outer 
toe continued lackward; and this circumstance will help decide such a case. Yet here we are 
met with another difficulty. The chief difference brtwecn the Ornithoidichnites tetradactylus, 
and the Sauroidicbnites minitans, is that the heel of the latter is longer, and the fourth toe pro
ceeds from a point ou the heel farther behind the junction of the other toes, thnn is the cnse in 
the 0. tetra<lactylus. Still, the difference between them is sometimes so small, that I have been 
led to doubt whether the species be not identical. I conclude upon the whole, that theJ cannot 
be; especially as the S. mini tans is much larger and stouter in all its proportions. But this 
near approach of two species, which I have arranged in different families, leads to the iuforencc 
that probably both families were formed by the same class of animals: or rather, that most of 
them were. I have been ;;ifraid that the t~rms Sauroidichnites and Ornithoidichnites com"ey an 
impression of a greater differenc~ between the tracks than actually exists. 

The locality at the Hurse Race furuishrs not a few specimens of the 0. tetradactylus: yet 
when I obtained them, not having definitely settled lht: species, I neglected to measure the dis
tance between the tracks, till the surface wns broken up. The same was true of the very distinct 
ilpecimens of this species which I obtained at Wethersfield. Hence none of the drawings of 
successive steps exhibit this species. I think, although not certain, that I have found it at 
Chicopee Falls. 

17. 0. gracilior. Toes four : three in front: slender: middle one less 
than a quarter longer than the two-others; straight: lateral ones spreading 
from 60° to ~0°; usually as much as 80°: considerably curved outward: 
nearly of equ:il length: inner one rather shortest. Heel scarcely visible 
behind the point of junction of the toes. Fourth toe on the inside of the 
foot, and on the prolongation backward of the outer toe: impressiou deepest 
at its extremity: generally failing altogether a part of the distance between 
the extremity and the heel. Length of the foot, exclusive of the hind toe, 
from an inch and a half to two inc.hes. Length of the hind toe, nearly an 
inch. Shown of the natural size on Plate 46, Fig. 48. 

I am nut certain that I have found this species tiny where exce!Jt at Wethersfield. ll a good 
deal resembles the O. te:rndactylus in form: but it is a far smaller, more slender

1 
and delicate 

i:;pecies. My best cbaraclerized specime s are a ways mored varicate th m he 0. tetradactylus; 
and in stating the divarication of the lateral toes, as between 60° and 90'\ I embraced several 
specimens in which tbe hind toe \\as wanting: but which otherwise resembled the O. giacilior; 
end therefore I place them here; because I know not where else to refn them. They would 
come ue:nest lo O. tenuis: but the middl c t'Je is too short, and the heel too narrow ; and as the 
four .h toe is very often wanting iu the telrldactylous species, I do not regard its presence as 
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essential. In Eome specimens, il made an impression not more th:in a quarter of an inch Jong, 

but nry distinct ; and at the distance of nearly n.n inch from the heeL It is not a comrr.on 

species; and I <lid not notice its peculiarities till l had left the locality; so th:it I a!fr unable to 
state the length of the step. I have one specimen, indeed1 which I regard as this species; :ii~ 

though wanting in the fourth toe, in which two tracks appear to be in succe::.sion, and only three 

inches apart. lf this was the step of the animal, I judge from the analogy of the steps of tho 

other species, that this must liuve been a good deal shorter tb:in the usu:il step, nnd hence do 

nvt use it in description. This species is an elegant one, and exceedingly rt!sembles the track.ii 

of some slt::nder toed Gra!lrn of the present day, upon the muddy shores of ponds and rivers. 

Summary of Species. 
The following Table will bring undf'r a glance of the eye, some of the most important facts. 

respecting the various species of footmarks that ha\'C now been described. The linear measures 

are all in inches. 

~-AU-R-01-Dl_C_JJN-lT-ra - j ~-u-~_ iL ;; . h ~il~~ih 
J. 
2. 
3. 
4. 
5. 
6 
7. 
8. 
9 

JU. 

ORNITHOIDICIJNITES 

5 
4 
4! 
4 50° 
4?30""to40"' 
4 GO"'lG!:IO"' 
4 7U .. lG80° 
4 
4 
4 40Q 

3 
J.25 
I 
2 ll) 3 
3t.o4 
3to4.2;) 
3to3G 
4 
2.25 

JO. 

5 
2 .2;; 
~ G 
2 .5. to :3.5 
:l.5to5 
6107 l:itol7 
5to!> 15lo17 
4 

2.5to3 8 
14 413 

1. 0. gigantc11s, 40"' 13 17 48 lo 72 
2. tUbt'rlJ!IU!l 1 2.-, .. to :\5"' 5 to 65 7 to 8.5 IS to 33 
3. C'Xpnns1191 50~ to 70'' 4 .:1 lo 5 6 to "/ 2:j 
4. cunentus, 6:1"' lo 7;) 0 25 3.5 to 4.!"1 S to 12 
5. parvulus, 3U.. o.:; to 0 .8 0.75to 1.25 5(?) 
6. ing1•ns, !50 .. lo 60"' 1510 16 t:Jto 25 40 tu 72 
7. f'lt>gan:i, 60.. 4 5 to 6 6 to 7 12 to 21 
8. f'h•gantior, 70.. 2 to 2.5 3.5 5.5 to 9 
!). Dcariii, 60° t.>70° t.r1 to3 4 tc 4.5 !I to 12 

10.tenuis, 5fl 0 to60° '.! 2;5 7(?) 
JI. mncroclnctylus, •i0'" to5j'" 4.:) to4 .7 ;, to6 15 to2l 
12. di\•nricatus, 75"' to~;;<> 4 lo G 4 to G 4 
]'.l. isodactylus, 00"' to 120q Ir, lo 2 1 [> tG2 3 (?) 
14. dt•licnlulus 1 40"' 1.2 l 5 3 
)5. 111i11imus, 70<>to 100.:. 0.4 toO.!) 0.4 toO.tJ IO lo Ha(.:') 
JG. tt'lrn<lnctylu91 60., Lo Hn~ 2.3 LG 3.3 2 ri to :JG 
17.grncilior_. ---~G'.).:_toV0° 1.5to2 l.5lo2 

4.2 2.5 

4.4 ~.5 

4.9 ~.3 

3.G 2.9 
48 3.4 

4.6 35 
4.!"'.i :13 
5 .2 3.8 
4.0 2.5 
i.O 50 
3.G 2.3 
3.2 25 
:J.t 9..1 
3.8 2.!i 
3.5 2.5 

3,6 3.6 
2.3 ~.3 
2.5 2.0 
4.G 4.6 
3,9 31 

The two last columns in the above Tahle were c\>tainr;<l by dividing the mean length of the 
step by the 1ength of the n1idllle toe for the f1rst, and by the len;;Ch of the foot for the last Al\d 

lhe appro:t'imalion to equ1lity in the ratios thus Qbtainctl, (with the exreption o.fthe 0. p\l.nrulu9:, 

the lt>ngth of whose step is very iincertain,) is <in interesting res.ult; especially when it is rec:oJ .. 

lected that the length of the step in several instances, wns made out from only one or two C:t• 

amples. It wilt jqstify the conclusion, that the le11gth of 1/ie step. in:rcases direclly tls the hm~tb 

of the foot. This. conclusion is very important; because it shows us that we ::ire correct in sup

posing the pr{'scnt siz~ of the difforent hacks to be the actual i;ize of the feet that made tlwm t 

and bccaQse it proyc.s tlpt the same accqrat'! ri:lalions i:xistcd betweeQ, tile ra·ds or anin~ ::i.l s iQ 
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ancient times, which now exist. The ratio between the le~gth of the ro_ot and of the sl?p i~1 the 
preceding Table, is not mathematically the same. But 1t does ~ot d1~e~ more_ than 1L would, 
were we to compare together the feet and the steps of 20 species ofltvrng anunals: as I am 
confident from a careful examination of such tracks for several years past. 

'Jlracks in &tccession. 

ln giving an account of diff'erent species of fossile footmarks, I have <lescribe<l I believe all the 
drawings accompanying this Report of these tracks in succession. But as this constitutes an im
portant part of the subject, I shall here briefly recapitulate those descriptions, in order to call 
p:i.rticular attention to the Plates. In most cases these were copied directly from the stones, ei
ther at the quarries, or in my Cabinet: and it is intended that they should give an exact repre
sentation of the surface of the stones containing them. To exhibit, however, on so small a scale, 
all the peculiarities of the tracks was impossible; and therefore only their prevailing form is 
given. When deficient in some part upon the stone, that part is omitted. They are all laid 

' down from the same scale, viz. a half inch to the foot. 
Plate 48, Fig 44: A slab in my Cabinet, 20 by 30 inches, showing two rows of S. Barrattii; 

and)ne ofO. parvulus. 
Plate 48, Fig. 45: A slab in the Cabinet of Dr. Barratt of Middletown, showing two rows of 

S. Barrattii, one row of five tracks of 0. cunealus, two rows of 0. tuberosus, and two insulated 
tracks. 

Plate 48, Fig. 46: A surface 5 feet by 3 feet, as it lay in the quarry at Wethersfield, showing 
numerous tracks of the S. Emmonsii, miKed with those of S. Baileyi. At the time the sketch 
was token, however, I <lid not distinguish between these species: nor did I represent all the 
tracks upon the slab. But as the st,1rfacc was soon aflcr broken up, the painter was obliged to 
bke my imperfect sketch for his guide. The principal use which I would make of this drawing, 
is to show that the two species of animals that made these tracks, were gregarious. It is not 
accurate enough to draw any inferences from it as to the tracks which are connected, or as to 
the length of the ·step, which I unfortunately omitted to notice. 

Plate 48 1 Fig. 47: This sketch shows eight tracks of S. minitans, which was most distinctly 
exhibited in a quarry on the north side of Chicopee river, a little east of the village of Cabot
ville. Another track undoubtedly existed between the first and second; but the rock there was 
brokenawoy deeper than the surface generally. The length of this surface is nearly 10 feet; 
but it is somewhat reduced upon the drawing. This fine example bas been subsequently ,de
stroyed. 

Plate 48, Fig. 48, shows a single row of S. Iongipes in Wethersfield, now broken up. 
Plate 47, Fig. 49, shows five rows of O. giganteus, and at least three rows of 0. tubcrosus and 

expansus, with some insulated tracks, on a large surface in Northampton on the bank of Connecti
cut river. These tracks are a good deal worn by long exposure and by floods ; but they still re~ 
main essentially as when sketched: and I could wish that I had the power to preserve it from 
collectors of specimens and quarrymen. The former> I am sure, cannot obtain specimens there, 
which, when insulated, will be of any use; because too indistinct for the Cabinet. 

Plate 48, Fig. 53, is a sketch of numerous tracks of 0 tuberosus, expansus and giganteus, al· 
most without order, although careful observation on the spot enables one to connect su~cessiYe 
tracks: as for instance, the three of 0 giganteus upon the drawing. In the same vicinity sur
faces considerably larger than this, (which is 11 feet long and 6 feet wide,) are literally covered 
with tracks, so interfering with one another as to render it difficult often to make out the entire 
track; and so uneven as to ruin the slab for a flagstone. The locality is in the southeast part of 
N orth:impton. 
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Plate 49, Fig. 50, shows an analogous case from Gill: the tracks are those of 0. tuberosus 
and cxpansus. Originally the slab was a good clcal larger. Jt is in my Cabinet. 

Plate 48, Fig. 52, exhibits two very distinct rows of O. tuberosus, considerably different in 
sizr, proceeding in opposite directions. These tracks are almost exactly upon a right line: from 
which I infer tha.t the animal bad quite long legs; as such bipeds now make similar tracks. The 
locality is in the southeast part of Northampton. This fine example is now nearly destroyed by 
the inroads of collectors, in the vain effort to obtain Cabinet specimens. 

Plate4S, Fig. 54, was sketched from a large door stone in Wethersfield, and exhibits tworows 
nn<l a few insulated tracks, of 0. tuberosus. The length of the slab is 9 feet, and its width five 
feet. The length of the step is from 21 to 24 inches. The tracks follow one another almost in 
n right line. 

Plate 48, Fig. 55, presents a row of 4 tracks of O. cuneatus, from the north pa.rt of South 
Hn<llcy. Another track is said formerly to have belonged to it, which was broken off. There is 
an indistinct row of tracks on the stone, not shown on the drawing, of another species, probably 
S. Barrnttii. The slab is in my Cabinet. 

Plate 49, Fig. 56. This is a sketch of four tracks of a small variety of O. ingens, taken from 
the rock at the Horse Race in Gill. But it has been already described sufficiently. 

Plate 48, Figs. 57, 58, 59, 60, 61, 62, show slabs of 0. elegaos; all, except the two first, 
being in my Cabinet. These have all been sufficiently described. 

Plate 48, Figs. 63, 64, are slabs in my Cabinet from Northampton, exhibiting several rows of 
0. divaricatus. But these also ha\Te been fully described. 

I might have atlde<l other examples of tracks in succession: but I suppose it unnecessary : 
for I have given a1l the important nrieties. 

Specimens of Doubtful Origin. 

I have found at Wethersfotl<l a few specimens of apparent impressions, upon a hard slightly 
reddish stone, about which I am much iu doubt. At first view they appear as if the mud that 
forme<l the rock had bef'n so thoroughly trodden over by animals, that the individual tracks are 
lost, although the whole surface is covered with irregular indentations. 

Another specimen bears some resemblance to the two toed tracks, which Dr. Cotta supposes 
he has lately found upon the new red sandstone in Saxony j which are described in the American 
Journal of Science, Vol. 38, p. 255. But without wishing to throw any doubt over his discovery, 
I have not evidence enough that those which I have found are of organic origin, to describe them 
ns such. I have not seen the specimens in place; but on one of the fragments, a distinct de
prcssl."d Ornithoiclichnites occurs upon the surface opposite to that on which the peculiar im
pressions above described occur. Hence they must have been formed by tlw mud folding o'•er 
some irrrgularities of the surface on which it was deposited. In some instances, also, J notice 
u sort of overlapping of the elevated parts of the rock, as if the mud, when plastic, ha.cl been 
pushed forward after it had received an impression. In short, there is some appearance of a con
cretionary structme in the fold of the mud: and to that agency, in connection with some ine
qualities of surface, I should refer them. But thq are certainly quite singular. 

4. I shall now pre~ent some collateral facts, connected, as will appear in the 
sequel, with the conclusions respecting the fossil footmarks. 

1. Impressions ef !lain Drops. 

Among the specimens obtained by me at Wethersfield, was one, about whose originlforme<l no 

64 
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opinion unlil I Sa\V a description of the impressions of rain drop3, in connection with tracks or 
the Chirolherium, on the new red santlstone near Liverpool in England. This description Stl 

exactly corresponded to my specimen!!, that I could not hesitate to regard them as of the sam" 
nature as those in England. At the Storeton quarry in England, H the under surface of two 
strata, at the depth of 32 or 35 feet from the top of the quarry, presents a remarkably blistered 
or watery appearance, being densely covered by minute hemispheres of the same substance as the 
sandstone. These projections are casts in relief of indentations in the upper surface of a thin sub
jacent bed of clay, and due, in :Mr. Cunningham's oiJinion, to drops of rain." (Lo11d. ancl Ed. 
Philos. JJ[ayazine, 1839.) 

I have not seen the specimens from Eugland: but it is difficult to examine those from Weth
ersfield with this idea of Mr. Cunningham in mind, :ind not feel that the supposition most e~actly 
satisfies the stale of the phenomena. To apply another test, however, I brought a surface of 
clayey mud into a plastic state, such as it would assume by the overflo\\:'jng of water, and then 
sprinkled water upon it. The impressions made were almost exactly like those upo11 the stone. 
In general, however, they were rather larger than those upon the stone, unless I took care to 
divide the water into very fine drops. There was also another circumstance, which I could not 
well imitate. In many cases, the impressions on the stone are perfect hemispheres, considerably 
flattened. But sometimes they are elongated in a. particular direction, as jf the drops of rain 
struck the mud obliquely; just as they would do when accompanied by a strong wind. 
ln England this same circumstance has been noticed, and very probably explained, by 
supposing the rain attended by wind. On this supposition it is easy to ascertain in what direc
tion the wind blew at the time. By examining two layers of rock at Wethersfield, containing 
the rain drops, which were scparaled by a stratum about ha_lf an ineh thick, I found that in one 
case the wind was northwest, and in the other southwest. These showers must have been sep
<1.rnte<l hy an interval of at least a. year, to allow so much rock lo accumulate as lies between the 
lnyers that are impressed; and probably it was several years. 

1 think we may push these conclusions a little farther, and infer that where we find the im
pressions of the separate drops, the rain must have been only a slight shower, and not a con
tinued storm. For much repetition of the drops upon the same surface, must have obliterated 
all traces of separate drops, and produced only a confused impression. 1f 1 mistake not, I have 
1'pecimens which show this work in different slages. \V"e have first, an enlargement of the 
drops: as if more than one had rallen in 'Oearly the same spot. These depressions continue to 
t!nlarge un.il the surface of the stone presents an appearance not much unlike that of a chopped 
sea. The irregular ridges are very sharp, and the shallow cavities are from a. quarter of an inch 
to an inch in diameter, often elongated to twice that distance. Jn one instance slight ripple 
marks appear to have partially obliterated the traces of the rain. 

On a re-examination of the locality at Wethers6eld, l find that the rain drops are confined to 
no one particular layer of the rock; but occur on several layers, which are interstratified with 
those on which the fooimarks are found. This fuel has an important b("aring upon our renson
ing rJR to the :-:ituation of the surface when the footmarks wE·re made-. But this will be shown 
more full,Y in tl1e sequel. I will only say here, that I have int1oduce<l in this pbrc a description 
ni' 1he impressions of the rain drops} because it forms an element in solving the problem of tl:e 
funtrnarks. 

1)11 Plate -19, Fig. M, 1 have endeavmed to gi,·e an iJca of a specimen of the impressions 
;mule by the •-ain drops . .A much better idea, hffwC'ver, can be obtained by examining the speci-
mens deposited in the ~I.ate eol\ecqon. t:)1~ch an examination will any one, 1 think, tlwt 
there is grent plau~ibility in lhe theary that has been explained. And that be indeed true, it 
~lforrls a curious lllustration of 1.he manner in which the minutest evenls may sometimes be re
py.IJPd from the remote.st antiqull)', by geological researrh~s. No gPologist will venture to say 
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how many Jears have elapsed since the deposition of the new red sandstone. But no one will 

bt>gin to estimate that period by cycles less than ten or twenty thousand years; and most would 

at least double and lreble those cycles, perhaps several times. And yet, here we have as per

ft·ctly preserved as if made yesterday, the tract's of a shower that fell at that remote epoch! 

Nay, we see as distinctly as if registered by an anemoscope, the direction of the wind; and the 

petrified surface too, tells us, as infallibly as a pluviameter, the quantity of rain that fell! 

2. Fossil Bories in tlte New Red Sandstone. 

For the same reason that led me lo describe the impressions of rain drops in lhis connectiot11 

l introduce here a description of some curious fossil bones that have been discovered in the 

sandstone of the Connecticut valley. I have alluded to them in another place; but deferred a 
full description of them to this part of my ncport. 

About 20 years ago, the bones of an animal five feet long, were found in a reddish coarse 

Hndstone or conglomerate, near Ketch's Mills in the east part of East Windsor in Connecticut, 
two or three miles east of the Connecticut river. They were found in blasting a well, at the 
depth of 23 feet from the surface of the soil, and 18 feet from the surface of the rock. Tbe 

animal was described to me as lying in a horizontal position ; and at one extremity a series of 

vertebrre projected 18 inches beyond the body of the skeleton. A fragment of one of these 
vcrtebrre I obtained, although the greater part of the specimens were distributed among visitors 

and are now lost. Professor Silliman, however, has succeeded in recovering several fragments, 

and has been so kind as to allow me to sketch such of them as are perfect enough to be of usu 

in determining the nature of the animal. They are shown on Plate 49, Figs. 66, 67, 68. 
A remarkable facl respecting these bones, is, that they do not appear to be at all mineralized. 

They have the whiteness of bones that have been burnt, and probably most of the animal mat

ter is gone. They are very brittle, and on exposure to the air, are easily crumbled to pieces. 
But the fact to which I wish lo call particular attention, is, that most of them appear to have 

been hollow bones; and the cavities are now filled by the sandstone, not different at all, (except 

perhaps in being a little finer,) from the rock that surrounds them. This is shown upon the 

drawings, which are of the natural size. Fig. 68 is obviously a part of a vertebra. The others 
I pretend not to refer to any particular place in the animal system. It will be seen, esprcially 

from Fig. 66 1 that the bony matter must have been very thin around the cavity. Fig. 67 is 

equally so: but its oblique position brings more of the surface into sight. 

Still more remarkable specimens, for which I am also indebted to Prof. Silliman, are bhown 

on Plate ·16, Figs. 69, 70, 71, 721 73, of the natural size. These are made up entirely of fine 

reddish sand; and yet, their resemblance to bones is too obvious to be mistaken. Figs. 69 1 70, 

and 71 1 arc evidently condyles; and Figs. 72 and 73,which are the same specimen showuin dif

ferent positions, are obviously a rib. I have met with only one description of an analogous 

specimen. Dr. Buckland in his Briclgwater Treatise, ( T .. ol. 11 P· 236, English Edition,) describei1 

a specimen in the 1\Iuseum at Oxford, from. the \Vealdeu Formation, which" presents the curi

ous foct, which is perhaps unique amongst organic remains, of a perfect cast of the interior of a 

large bone, apparently the femur of a ::\Iegalosaurus, exhibiting the exact forms and ramifications 

-0f the marrow, whilst the bone itself has entirely perh.hed. The substance of this cast is fine 

sand cementc<l by oxide of iron." Can it be that lhe specimens under consideration are of the 

1;ame nature? The hollow character of the bones shown on Plate 49, Figs 66, 67
1 

68, certainly 

favors this idea: but ·whether the cayity of the bones of any animals that have hollow bones, 

(not a mere medullary cavity,) extends into the condyle so far as these must ha\'C done, I am 

unable to say. If it does, the sand might have entered at the other extremity, where the bonc1 
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appear to have been fractured; as was the case described by Dr. Buckland: and the bone must 
have subsequently decayed, so as to leave a cast of its cavity. 

These specimens were presented to Professor Silliman by a son of Hon. John Hall, of Elliug
ton; a town that adjoins East Windsor. In answer to my enquiries, Judge Hall informs me, by 
letter, that the specimens were found at two places in Ellington j neither of which is more than 
2 1-2 miles from the locality already described in East Windsor. One of them was in a bowl
der upon his own farm. A singJe bone (for Mr. Hall describes it as a real bone and not a cast,) 
was obtained there, which the workmen nearly ruined in getting it out. He vaguely estimates 
that the animal to which it belonged, may have been as large as an ox. At the other locality, 
which is a quarry the bone, supposed by the workmen to be a rib, as large as that of a 
middling sized dog, was found, 3 or 4 feet beneath the surface. Judge Hall's state
ments, therefore, and they are probably the most accurate that can now be obtained, do uot throw 
much light upon the casts said to have been brought from Ellington: for in his description he 
does not make any distinction between real bones and casts ; or rather, he calls all the specimens 
bones. It would be very desirable, if it be not now too late, that a definite account of these 
singular relics should be obtained. In the sequel I shall point out the bearings of the facts above 
stated upon the present subject of enquiry :-I mean the fossil footmarks. None of these have 
been found, I believe, either in East Windsor or Ellington. Yet the layers of rock in which 
the bones were found, probably lie only a few feet above those containing tracks at Springfield, 
Wethersfield, and Chatham prolonged And therefore, the bones and the footmarks muy have 
procoeded from the same animals. 

S. Tracks of Living .Bnimals. 

Who would n priori have thought it could be of any use to devote himself to the study and 
description of the footmarks of animals upon snow and mud? Yet how valuable wou1d such 
knowledge have been to me, in solving the interesting problem which I have undertaken ! But 
a resort to libraries in this case was vain : and therefore, I have been compelled to resort to ob
servation. Nor has the subject proved one to be so easily mastered as at first view might be 
imagined. The principal points of enquiry, to which I have directed my attention, have been 
two. First, to ascertain what living animals form footmarks most nearly resembling those in a 
fossil state; and secondly, how do the tracks of a quadruped differ from those of a biped? In 
prosecuting these enquiries, I have traversed the muddy shores of our ponds and rivers, during 
tbe warmer seasons of the year, and watched the winter haunts of animals, that I might see 
their tracks upon the snow. I have al.so resorted to the larger museums of our country, and 
obtaim:d leave to examine and take copies of the feet of animals from other climates and conti~ 

ncnts. I would acknowledge my particular obligalion to Mr. St. John, proprietor of the Amer
ican l\Iuseum in New York, and to Mr. Peale, owner of another valuable Museum in the same 
city. The results of my examinations are chiefly embodied in Plates 50 and 51, which 1 now 
proceed to describe. 

Plate 49, Fig 74 1 is given in addition, and represents the successh·e tracks of a small snipe 
of the natural size, upon the mud on the shore of Connecticut river. The mud had become so 
hardened by the sun that I have been able to prt!serve the specimt!n i11 my cabinet. The princi
pal impression was made by the three front toes: but behind three of the tracks, the ex.tremity 
of the fourth toe made a slight impression, as if the en<l of a blunt stick bad been pressed upon 
the mud. The length of the steps varies a good deal, and the course is rather crooked. as if 
the bird almost stopped and turued a little aside, and then moved faster; just as a snipe freq~ently 
does. 1 infer it to be tbe track of a snipe, only because of its resemblance, and because it wus 
found precisely where this species abounds. 
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Plate 50, Figs. 75 to 78, and Fig. 87, afford examples of the successive tracks of several 

quadrupeds and bipeds, ,\·bich I copied either from mud or snow, where the animals had moved 

apparently at their usual pace and in a natural manner. Fig. 75, shows the tracks of a whar! 

rat, (11Ius decumanus,) copied from the mud, when the tide was out, in Duxbury. The length 

of the toes, reckoning from the center of the foot, was half an inch, and the distance between 

successive impressions of the same foot, about lwelve inches. 
Fig. 76, represents the tracks of a quadruped, copied from the mud on the banks of Connecti

cut river in Northfield; and I suspect them to have been made by the mink, (Mustela vison.) 

The track is shown of enlarged size on Fig. 90. The fifth toe rarely made an impression; and 

sometimes only the three longest are seen. The length of the step of the same foot was only 

about 6 inches, while the foot was about one and a half inch long. 
A few tracks of the muskrat (Fiber zibethccus,) are shown on Fig. 77, sketched from the mud 

on the banks of Connecticut river in Deerfield. In this case too, the fifth toe is rarely seen. 

A single track is shown enlarged ou Fig. 91. The length of the step varied from 5 to S inches, 
e.nd that of the foot was one and a half inch. 

On Fig. 78, are shown a few steps of the tortoise, whose extent I have not preserved. They 

give a better idea of the relative situation of the tracks of a quadruped when moving in a regu
lar manner, than the cases before described. They were copied from dry earth. 

The tracks of a dog upon snow, are shown in Fig. 79. The diameter of his foot was about 

2 inches, and the length of the step varied from 10 to 13 inches. A part of these tracks appear 
ns if made by a biped: that is, they are nearly equidistant, and there is only one row. This is 

not an uncommon appearance in the tracks of a dog, and I am toIJ by hunters, still more com

mon in those of the fox. How the animal produces such tracks I can hardly conceive; though 

I know that the dog has the habit often of using only three legs when running, and he often 

brings the bind foot so exactly into the track made by the fore foot, that only one impression 
remains. I suspect that the appearance under consideration is produced by a combination of 
these two things. 

The only other tracks of a quadruped which I have sketched, are those of a mouse on snow, 

shown on Fig. 87. The foot was about half an inch in diameter, and the length of the step 

from 3 to 4 inches. I apprehend the movement was by leaps. 
These examples are sufficient to illustrate the movements of quadrupeds. On Fig. SO, are 

seen the successive tracks of the common partridge or ruffied grous, ( Tetrao umbel/us.) The 

length of the foot, exclusive of the hind toe, is two inches ; and that of the step, from 4 to fJ 

inches. The fourth or hind toe, it will be seen, reached the ground only near its extremity. 

The impression of this toe is almost exactly on a prolongntion backward of the outward toe. 

Fig. 81, exhibits a few tracks of the common domestic goose, (Anas anscr,) copied from the 

mud. The length of the foot is four inches, and of the step, seven inches. The impression of 

the web is usually quite obvious; but on very stiff mud I have sometimes seen no trace of it. 

The tracks deviate more from a right line than those of any biped which I ha\'e met, in conse

quence of the great will th of the body of the goose, and the shortness of its legs. The lateral 
toes a.re also exceedingly dinricate. 

Ou Fig. 82, is shown a row of tracks made by the common domei-tic hen, (Phasianus ya/bu,) 

on mud. The foot, exclusive of the hind toe, is nearly 3 inches long; and the length of the 

step, 6 inches. Only the alternate tracks showed the hind toe, which is apparently a prolonga

tion backward of the outt:r front toe. The tr:icks are usually almost upon a right line, unless 
the animal changes its course. 

A few tracks of the peahen, (Pavo cristalus,) are shown on Fig. S3, copied from moist snow. 

Length of the foot, exclusive of the hind toe, 3.5 inches : of the step, 9 inches. The track.:1 

ore in a right line, and tbc hind toe is situated as in the domestic hen. ln these tracks, a.s "ell 
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as in those of the domestic hen, the impression of a small heel w:_is obvious at the center, from 
which all the toes radiated. The same is the case in the next species. 

This is the common domesticated turkey, (Meleagris gallipavo,) whose tracks are shown up· 
on li'ig. 84. The length of the foot, (that of a large male,) as impressed upon the snow, was 
four inches, and of the step 12 inches. The situation of the fourth toe, which is usually pres~ 

ent, is the same as in the two last cases. 
But in Fig. 85, is shown a row of tracks made on dry soil, by a bird of which I caught only 

a glimpse, but which resembled the quail: and in these thf' hind toe seems to be merely a con
tinuation backward of the middle front toe. The length of the middle toe, exclusive of the 
hind one, was an inch and a half; and of the step, 5 inches. The tracks varied a little from a 
right line. 

On Fig. 86, are shown a few tracks of the crow, ( Cornus Americanus,) copied from the mud. 
Length of the foot, exclusive of the hind toe, 3 inches: of the hind toe, which extends directly 
backward, so as to be on the same line as the front toe, one and a half inch : of the step, 6 inch
es. The track behind is quite wedge shaped, as shown in the figure, and the tracks deviate a 
good deal from a right line. 

Single Trncks. 

Fig. 94,represenfs a single track, probably of the great heron, (Ardea Hcrodias,) copied from 
the muJ, on the banks of Connecticut river in Northfield. The hind toe is upon the same line 
as the front middle one, and is about an inch and a half long. The length of the whole track, 
including tbe hind toe, was 5 inches; and I found others 7 inches long at the same place. The 
length of the whole step of these larger ones, was 15 inches. The divarication of the lateral 
toes, which curve backward a good deal towards their tips, is not less than 115c. 

The remaining figures, appearing like tracks, are not in fact copied frotn impressions of the 
animal's fe~t, but obtained in a manner tbat amounts essentially to the same thing. I got leave 
at the Museums, where dried specimens are placed in the most natural position possible, to put 
paper beneath their feet, and then traced the form of the foot as exactly as I could. Except 
that the dried specimens are somewhat shrunk and the divarication of the toes may not be ex
actly natural, I do not see why such a sketch does not correspond to the track made by the ani
mal. And I apprehend that the exceptions above named, do not much distort it in general. 

Fig 88, was traced from the right foot of the South American ostrich. The dotted line at 
the posterior part shows the form which the track would have, were the animal treading npon 
yielding mud, in consequence of a knobbecl heel, or callus, which does not extend downward 
quite as far as the rest of tbe foot. The length of the foot, exclusive of this heel, is 5 inches. 

Fig. S9, shows the right foot of the cwwned heron, (Ardea pavonina)) of South Africa. The 
hind toe reached the floor only for a short distance near its extremity. Length of the foot, ex
clusive of the hind toe, 5 inches. It is e::isy to see upon this drawing two tuberous swellings 
upon the inner toe, and three upon lhe middle one, while they are indistinct upon the outer one, 
though four are visible in the specimen. 

Fig. 92, is the left fool of the Cassowary, or New Holland ostrich, ( Struthio casuarius.) Length 
of the foot, 5.5 inches. 

Ou Fig. 93, we have the left foot of the Coot, (Fulica America•a.) The singular form of its 
toes is occasioned by a membrane with which they are lined. How far this rr.embrane would 
make an impression on mud, I am unabli~ to say, having never seen the bird alive: but from the 
dried specimen I presume it would make an impression. If so, we should have in the track two 
tuberous swelliags on the inner toe, and three in the middle one, while those on the outer toe, 
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woulcl be im1istioct The hind toe is on a line with the front middle one. Length of the foot, 

exclusive of the hind toe, 5 inches : of the bind toe, an inch and a half. 

Plate 51, presents us with still more examples of the feet of animals. Fig. 95, is the right 

foot of the Horned Screamer, (Palamedea cornuta.,) of South America. Length of the foot, 

exclusive of the hind toe, 5.75 inches: including that toe, 9 inches. This is a remarkably 

large fool for a bird about the size of a turkey; and shows us that the length of the foot alone 

will not afford a sure index of the size of the animal. Divarication of the lateral toes, soa. 
Fig. 106, was copied from the right footoflheBlueHeron. (Ardea carulea.) Length of the 

foot, exclusi\'e of the hind toe) 4.5 inches. Length of the hind toe, and the outer lateral one, 

which are on a line, 6.25 jnches. Divarication of the lateral toes, 90.Q 

Fig. 109, was taken from the right foot of the Ardeaminor, or American Bittern.. It differs 

but little from Fig. 106 : the length of the foot, exclusive of the hind toe, being 4 inches, and of 
the hind toe an<l the outer front toe, 5,5 inches. Divarication of the front toes, 60.0 

Fig. 108, was taken from the right foot of the Stork. (Ardea cichonia,) Length of the foot, 

exclusive of the hind toe, ( whieh is inserted so liigh upoii the leg lJ.S to touch near the extremity 
only,) 4.5 inc1rns. Divaricat"ion, SQ.A 

Fig. 105, was ta.ken from the right fGot of a ·speeies Gi Charadrfos or Plover. Fig. 104 was 

copied from lhe foot of another species of the same genus. They are given on account of their 
striking resemblance to some of the fossi{ footmarks. The httter is shown a little web footed. 

The length oi both of them is about an Inch and a half. The divarication in Fig. 104, is 60°: 

in Fig. 105, it is 80. 0 

Fig. 97, shows the left fore fool, and Fig. 99, the left hind foot, of the Iguana of lhe West 

Jndies. The length of the former is 4 lnches, an<l of the latter, 6 inches. 

The remaining figures on Plate 51, are sketches of the feet and pad of' the legs of a fe\v 

bipeds and quadrupeds, mostly .copied from well executed engravings. For Fig. 107, however , 
I am indebled ta Dr. Richard Harlan of Phib.<lelphia. It shows the feet, and in one of them 
the tarsal joint, of the Uiaradrius lVilsonius, a small species of plover, found in our country even 

as far north a!S Massachusetts, and belonging to the tribe of waders. The feet are shown of the 

natural size. 
Fig. 9S, represents the foot of a species of Ftllica, or Coot, probably the same species as is 

shovrn on li"ig. 9'3, Plate 50. This is added to convey a still more accurate idea of a foDt , which 
must have a strong analogy to some which produced the fossil footmarks. 

Fig. 101, is a similar foot of the Tringa which belongs to the tribe of Grallae .or \Vaders. 

Fig. 102, shows the foot of the Tctrao lagopus, a bird of extreme northern regions. It is 

given partly because it is hairy, and partly because the tars:>-metatarsal bone lies in such a po
sition that it must make an impression nearly as deep as the trifid toes. 

Fig. 96, exhibits the ten hind foot of the Phyllurus Cuoieri, a species Gecko lizard, from Port 

Jackson in New Holland. In the fore foot the five toes all point forward. (See Di.clionnaire 

Class·ique d'Histoire Naturelle, Pl. 120.) 
Fig. 103, represents tbc right hind foot of another lizard, the Lrtcerfa. lemniscata of Rees' 

Cyclopedia; nnd Fig. 100, the left hind foot of the Lacerta ag'ilis of the same work. These 

feel are sketched on account of the peculiar lateral curvature of the toes, and the great length of 
the heel : also because lhe fifth toe comes out so far behind the others. 

The preceding statements respecting the tracks of living animals, have suggested a few con

clusious, which have a bearing upon the subject of the fossil footmarks, and may, therefore, be 

stateJ in this place. 
Jn the fir.st place, we learn that th~ difference hr-tween the tracks of quadrupeds nod bipeds 

consists chiefly in two circumslances: first, ti.at the former are arranged in two rows, and the 

hitter in one: secondly, that in the former, there is an alternation oflonger and shorter distance3 
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between the successive tracks, at whatever rate the animal moves, ·while in the latter, the in

tervals are nearly equal, unless the pace of the animal be altered. 
In the second place, we find that some animals, both quadrupeds and bipeds, make :in im

pression with a long heel extending to the tarsal joint, nearly as deep as that with the toes. 

Consult Plate 51, Fjgs. 99, 100, 102, 103 and 107. 
Jn the third place, the hind toe, (which is the fifth toe in quadrupeds, and the fourth in bipeds,) 

sometimes projects so directly behind the foot, that its impression appears like that of a Jong 

narrow heel. Consult Figs. 851 86, 93 1 94 of Plate 50, and 96, of Plate 51. 
In the fourth place, the fifth or hind toe in some quadrupeds, is situated at different distances 

behind the others, even to the extremity of the heel, and makes with the direction of the foot 

various angles. Consult Figs. 96, 100, and 103, Plate 51. 
In the fifth place, the fourth toe of birds is usually situated upon a prolongation behind the 

middle or the outer front toe. 
In the sixth place, this hind toe, when not directly behind, is always so situated ns to point in

wards; that is, towards the line of direction in which the animal moves . 
In the seventh place, the toes of some animals would show distinct cla·ws in mud or snow, as 

in Figs. 89, 93, Plate 50, and 95, 96, 98, 1001 101, 103, Plate 51: but in others they woul<l 

not be distinguished from the toe, as in Figs. 92, 94, Plate 50,and 107 and 1081 Plate 51. 

In the eighth place, the toes of some birds would show two distinct protuberances, upon the 

inner toe, and three upon the middle toe forward of the heel, while those in the outer toe are 

usually too much blended to be obvious. Consult Figs. 89, 93, Plate 50, and 109, Plate 51. 

Finally, the hind toe in birds very often make no impression, or only nca.r its extremity, on 

account of its situation upon the tarso-metatarsal bone. 

5. Conclusions from all the facts. 

Although the terms which I have employed in the preceding descriptions, 
such as Iclmolite, Sauroidichnite, Ornitlwidichnite, &c., contain an intimation 
of the conclusions at which I have arrived on this subject; yet I wish now 
to present those conclusions in detail, with a summary of the evidence on 
which they rest. 

In the first place, these impressions are the trncks of animals, made while the 
materials composing the rock were in a yielding slate. 

This is a conclusion that forces itself at once upon almost every one when 
first examining these impressions. Indeed, I have often heard children 
!hart of twelve years old, refer them at once to this origin. This is certainly 
the first conclusion that is suggested to the mind of any one, who has noticed 
the tracks of animals upon mud. But because it is the most natural infer
ence, it does not follow that it is the true one ; as a multitude of examples 
in natural history and geology would prove. First impressions arc often 
wrong. Are they so in the present case? 

In the first place, all will acknowledge that the rock containing these im
pressions must have been sand and mud. To prove this to a geologist is 
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unnecessary ; and all others will be satisfied of it, if they will examine it; 
for they will see that it differs now from sand and mud only in being solid; 
and by pulverizing it, they can bring it into a state in which it cannot be 
distinguished from sand and mud. 

In the second place, while in a yielding state, if animals had passed over 
it, the impressions of their feet would have differed in no respect from what 
the rock now exhibits: and had the yielding materials been suddenly consol
idated, tracks upon it could not be distinguished from those which I have 
described. 

Every time I have noticed the tracks of animals upon mud or snow, I 
have been struck with their resemblance to those on stone: but perhaps 
never so much so, as when I found the original of Plate 49, Fig. 74, which 
shows the tracks of a small snipe upon mud. I was examining the impres
sions on the stone at the quarry at the Horse Race in Gill. The surface of 
the rock there dips to the south some 30°, and passes directly beneath the 
waters of Connecticut river. It was late in the summer, and the water was 
low. But when higher it had left a thin coating of mud on the rock, and 
the snipes had impressed it as they ran along the margin of the stream. 
Afterwards, as the season was a dry one, the mud had been subjected to the 
almost perpendicular rays of the sun, perhaps for several weeks, and had 
become quite hard; so that I could preserve a specimen. How could I but 
feel, as I looked at the impressions on stone, and then upon those on the 
mud, that I had before me an almost complete illustration of the manner in 
which the former were produced! All that was wanting, was, to have the 
consolidation of the mud proceed a little farther, and the specimens contain
ing the snipe's tracks, could not be distinguished from the others. 

In the third place, these impressions resemble the tracks of animals in 
their forms. For proof of this, I refer to the drawings and descriptions 
which I have given, both of these impressions and of the tracks of living 
animals. More convincing evidence would be obtained by examining the 
specimens themselves, and observing the tracks of animals upon snow and 
mud. It is true, there arc some peculiarities in a part of these impressions, 
of which I do not find the exact counterpart in any living animals which I 
have examined. But were there no such peculiarities, it would in the view 
of the geologist, be a strong argument against the position which I take. 
For he finds peculiarities in all other relics of organic nature in early times; 
some of them, as great size for instance, in races congeneric with those now 
on the globe, the same as those found in these impressions. But in all their 
important points, these impressions correspond to the tracks of living ani
mals. The number of toes is three, four, or five; and so it is in living ani
mals. In the position and divarication of the toes, there is an entire corres-

65 
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pondence. They show heels of different forms and sizes, as do also living 
animals. Some of them have distinct claws, whose relative size and situa
tion agree with those of fo·ing animals. But I will not here go more into 
detail. 

In the fourth place, the manner in which the rock is impressed corresponds 
to the footmarks of animals. The layers are always bent downwards, as 
shown in Fig. 104, already described. The impression, therefore, could not 
have been made by any solid body which remained upon the mud: as I have 
already shown. But it is precisely such an effect as would result from the 
tread of an animal's foot. 

Finally, no other supposition, which I can imagine, or have heard sug
gested, corresponds satisfactorily to the facts. Some have supposed that they 
might be only the divisions of septaria, or other analogous concretions. But 
it needs only a glance at the Plates which I have given, or if any one thinks 
these have been distorted by my imagination, it needs only a glance at the 
specimens, to be convinced that there is scarcely the least resemblance. The 
divisions of septaria are not trifirl ; they do not form depressions in the lay
ers of the rock; nor do they occur in regular succession. But it is unneces
sary to dwell upon this hypothesis. 

There would be rather more plausibtlity in referring the footmarks to those veins of clay with 
which some Jayers of the shale of the new red sandstone formaticn abound. These run in all 
directions, and often give the surf:ice a reticulated appearance: and -...vlwre they intersect one 
another, I have sometimes seen 1hem trifid, but usually they are bifl<l, and are wanting in the 
regularity, the depressed appearance, an<l succession of occurrence, which characterizes the 
tracks. Tracks do, indeed, exist among them, though rarely in this country. But in the stone 
containing the tracks of Chirotheriu111 in Germany, Lhe two appearances ilr~ common together; 
as may be seen on Plate 26, of Dr. Bucklan<l's Bridgwater Treatise. Dr Buckland has doubt
less given the true theory of the origin of thf'se veins, when he says, (Vol. 2, p. 37, English 
Edition,) "the irregular cylindrical concretions that intersect each other on the surface of this 
slab, appear to have been formed in cracks, c:iused by the contraction of a thin bf'<l of green 
marl, interposed between two deposits of sandstone." l find on examination, that these veins 
or concretions are connected with, and of the same nature, as the layer of stone above that which 
contains them. The probability is, that after the deposition of the lower stratum, it was e~posed 
to desiccation; so as to cause it to contract, and thus to become filled wilh irregular fisi;lures. 
When a new layer of clay was brought over the surface, i~ would fill thf'se fissures, an<l the 
veins thus produced, would be connected with the deposit abo'"e, but would not become manifest 
until the upper layer was split off. Sometimes from the wearing away of the lower stratum I 
have seen the veins project and appear exceedingly like a vegetable petrifaction; as ::;hown on 
Fig l07, copied from a specimen fro\n Wl-'thers6tld. 

A person at all accustomed to observation, would not confound the footmarks with these 
veins: fc.r they ha\·e sc..:;.rcely no similar characters. lnd1·ed, forty-nine fifLi~th::; of the specimens 
of footmarks which I have fuuud, occur upon rock that cont:iins not a trace of the veins. 
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Fig. 101. 

It has been suggested that lhcse impressions, and indeed all the fossil footmarks that have 
been described in Europe, are only the remains of marine plants, probably fucoi<ls. The tracks 
are supposed to be the vesicles attacl.e<l to the net work which forms the frond. But in the first 
place, although it is possible to conceive, :isl ha,·e attempted to show in anotht>r place, how the 
vesicle of a fucoid might make a rounded impression in the mud, it is not easy to imagine how it 
could make that sharp impression so common in the Lepto<la:.:tyli; whereby the layers of roclu 
nre bent downward almost perpendicularly. Jn the second place, can it be believed thnt 
the vesicles of a sea weed are cvt.•r so regular, that they i-hould uniformly occur in three., 
fours, or fives, nnd that too at almost equal int('rvals, and alternately, along the oppo
site sides of the frond, so as to givr. precisely the appearance of right and left feet! Or if this 
be admitted, how shall thosf! inpressions be e:xplaineJ that follow one ::mother almost exactly in 
a right line? Finally, in scarcely any case do these impressions occur in connection with any 
other trace of vegetable relics. Tiu: rock, both between the impressions and within them, 
shows not the least mark of any organic substnnccs. Now how improbable that a fucoid should 
have existed, at leilst 30 feet long, cilpnblt! of sustaining 9 trifid vei;icles, 16 inches long, :tnd 
each so large as to make an impression equal to that of an ox's ur an elephant's foot, and yet so 
Crail that not one trace, either of the frond or the vesicles, should ren:ain? Yet aJI this muat 
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be supposed to exp1ain the ni ne tracks in succession , of the 0. giganteus, which are still visible 

on the rocks in Northampton, and which are shown on Plate 47, I.i'ig. 49. 

In the second place, these tracks were probably made upon the margin of an 
estuary, or lake, where the waters experienced considerable cha11ges of level; 
with intervals between them; and in a climate subject to the alternation; of wet 

and dnJ seasons. 
I do not expect to establish these positions with entire certainty. But I 

think the evidence sufficient to make them probable. 
That these tracks were impressed in a place not subsequently covered by 

water, seems to me highly improbable. For at the present time, how soon 
are the footmarks of animals made upon the surface of the earth, where it 
is exposed to atmospheric agencies, obliterated, either by wind or rain? We 
can conceive, however, how they might be preserved if made beneath quiet 
waters. For neither wind nor rain would then reach them ; and ere Jong 
the waters might bring over them successive layers of mud, in so quiet a 
manner that they would be perfectly preserved. And tben, as soon as the 
mud should become consolidated, the work would be done. Very proba
bly some of the tracks might have been formed under these circumstances. 
But the facts respecting the impressions of rain drops, forbid us to extend 
this explanation to all the tracks. For the layers of rock containing these 
impressions, either contain, or are connected with, the tracks. Now we are 
certain that the rain drops could not have made an impression beneath the 
water, however shallow. They must have fallen upon a surface which bad 
been recently covered and saturated with water. And I knotv of no way 
in which their impressions upon the mud could have been so perfectly pre
served as they are, except by being subsequently covered with water, bring
ing with it a deposit of mud. But it is not easy to conceive how water 
should flow over a surface tl]us delicately impressed, while it was yet wet, 
without effacing the impressions. I have imagined, therefore, that after the 

·rain drops had fallen, the surface might have remained uncovered by watu 
.for a conoiderable time, and exposed to the heat of a powerful sun; where
by it became quite hard, so that when the water at length rose over it, the 
impressions would remain long enough to be covered by a layer of mud. 
lf we suppose the tracks to have been made under similar circumstances, 
'they, on account of their greater depth, would stand a still better chance of 
being perfectly preserved. And many of them are so perfect, that it is cer
tain not the least distnrbance took place in the mud after they were im
pressed. 

As the climate of N. England is at present, it would be rare to find a time 
when a dry season should succeed a shower sufficiently long to pro-
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duce much induration of the mud. But the reconls of geology abound 
with evidences that our northern climates, at the time when the new red 
sandstone was deposited, were at least tropical, if not ultra-tropical: and of 
course, there might be alternations of wet and dry seasons. Suppose then, 
the impressions of the rain drops and tracks were made just at the close of 
the rainy season. The dry season that followed might accomplish the 
work. 

It may be difficult to conceive how the surface where the impressions 
were made, should be wet enough to day to bring the mud into a plastic 
state, and then experience no more overflowing of the water till it had be
come indurated by the heat of the sun. Let it be imagined, that the valley 
of Connecticut river was then an estuary, and that the impressions on its 
shores were made at the season when the tides were becoming daily less 
and less. This would bring a large surface in the course of a short time 
into a proper condition for receiving the impressions, and then, if a dry sea
son followed, they might be preserved until the return of spring tides; 
which would bring in the silt for a new layer of rock. 

\Ve might make a similar supposition if the shores were those of a lake, subject to rise and 

fall by the inundations of the river ·which fed it: though we must suppose the rains by which tho 

waters were raised, not to reach the place of the impressions, since it would obliternte them. J 
think, also, that it is easy to conceive how the impressions might have been preserved around the 

coves and inlets of a river: for there the waler, as tlw stream rose, woul<l flow in so quietly as 

not to disturb the finest mud; and then it would be charged with that fine mud which is well 

aclapt<'<l for filling up without disturbing the impressions. Jn fact, I am not sure but the shores 

of a lar~e stream would be: the most fa\·orable of all places for tht:ir preservation ; especially if we 

suppose lhem marle beneath shallow water. 

One fact respecting the situation of the localities of the tracks in this valley, ought perhaps to 

be mentioned, ns having a possible bearing on their prcser\'ation. All the localities hitht:rto dis· 
covered, arc only a short distance, at the farthest 3 or 4 miles, from trap rocks, and they lia 

upon the east side of the trap, that is, above it. Jn 1\'orthampton, \\here the layers for at lt·ast 

20 feet in thickness abound in tracks, a deposit of tufaccous conglomerate lies only a few feel be~ 

neath the tracks, and cover~ thf' trap. Now the protrusion of the trap would produce a shore on 

which animals might tread, and the heat communicated to the sand?ltone above the trap, might be 

great Pnough to produce a rapid induiation. 1t would be interesting to learn the situation of the 

va1ious localities of tracks recently found in Europe, in re~pect to rocks of igneous origin. 

Tn the third place, most of the tracks that have been described, were made 
by bipeds. 

A quadruped in moving regularly and naturally makes two rows of tracks, 
and a biped but one row, as I have already shown. Now the tracks uuder 
consideration almost universally form but one row. Again, the inter\'als be
tween the tracks of a quadruped arc unequal; a long interval alternating 
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with a short one. But the fossil footmarks are arranged nearly on a right 
line, at intervals as nearly equal as those formed by living bipeds. 

N everthelefs, there are a few cases which have been <lescribecl, about 
which I have some doubt. The first is that of the Saurioclichuites Barrattii. 
My doubts arise merely from tbe resemblance of this five toed track, to that 
of some quadrnpeds. Yet so far as we have evidence in this case, from 
Plate 48, Fi~s. 14 and 45, it is all in farnr of the biped origin of this track. 
The feccnd case of doubt is that pecnliar specimen of S. Baileyi, shown on 
Plate 32, Fig. 10, whe1 e one track overlaps another, just as those of four foot
ed animals frequently Jo. But here too, all the evidence we have, which 
is indeed, smdl, rather goes against my doubts. The third case is that of 
Ornitlwidiclmites parmtlus, where a large and a small track stand side by side. 
But as I have more fully shown when treating of that species, we know too 
little as yet concerning it, to come to a full decision. Upon the whole, we 
have not sdllcient evidence to prove that we have yet found the tracks of 
even one quadruped, amcng the 27 species that have been described. But 
we have abundant evidence that most of them were m;de by bipeds. 

In the fourth place, I infer that most of the tracks that have been described, 
were made by birds. 

Jn support of this position, I rely on the following evidence. 
1. The number and position of the toes. For the present I pass by the Sau

roidichnites, and ask attention to the 17 species of Ornithoidichnites. And 
a comparison of these with the drawings, given on Plates 50, and 51, of the 
tracks of living animals, must convince any unprejudiced mind that the re
semblance between them is almost as perfect as it could be. As a general 
fact, tbe toes on the fret of living birds, that point forward, are three: and 
they are the same on all these fossil footmarks. Moreover, the divarication 
of these toes in the fossil specimens, varies about as much, and is about the 
same, as in the feet of lil'ing birds. Whcu the fourth toe exists in living 
birds, it usually lies either on a prolongation of the middle or outer toe back
wards; and so it does in the tracks on stone. But sometimes the hind toe is 
wanting in living birds, and so it is in most of the Ornithoidichnites. So 
far as I have observ<d, T should say that the curvatures in the toes is rather 
more obl'ious in the fossil than in the living specimens. Yet it is not always 
wanting in the latter. 

Now among living animals, birds are the only ones that have such feet as 
havE been described. If then we form an opinion respeeting tbe fossil foot
marks from the analogies of living animals, we must infer them to have been 
made by birds, or give up all confidence in the principles of comparative 
anatomy, which have been shown to be little less certain than the principles 
of mathematics. If we cannot depend upon the ana!ogy of nature in this 
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case; that is, if we may not assume the constancy of nature in all periods, 
then we can form no opinion of past from present events: and a large part 
of physical science foJ:s to the ground. 

2. The clmcs and tubercles ef the toes. It is only in tbe Pachydactyli that 
the cla11·s are rea<!ily distinguished from the other part of the toes. But the 
same is true in the tracks of living birds, for a reason that has been already 
explained. The acumination of the toe in all cases, bowevcr, renders it al
most certain that a claw was always present, as it is in living species. The 
relative le11gth of the claws, moreover, in the fossil specimens, corresponds 
very "ell with its length in living birds. Here then is another point of 
analogy. 

A curious coincidence exists, also, if I mistake not, in respect to the num
ber of tuberous expansions on the toes of the Pachydactyli. I have already 
stated that there are two of these on the inner lateral toe, and three on the 
middle toe, and that the outer toe contains a still larger number, but they 
are indistinct. My belief is, that these tubercles correspo11d to the number 
of articulations in the toes. Now Baron Cuvier says, that "birds are the 
only class (of animals) in which the toes arc all different as to the number of 
their articulations, and where this number is fixed in each toe, as well as the 
order of the toes. The thumb (pouce,) (hind toe,) has two: the first inner 
toe, three: the middle toe, four: and the outer one, five. This rule has but 
one exception, that of birds which are wanting in the hind toe: but the 
other toes have the ordinary number." ( Ossemens Fossiles, Tome Troisieme, 
p. 308, Troisieme Edition.) 

A little reflection will enable any one to see that the tuberose swellings 
on the toes of the fossil footmarks, correspond to this statement, if we suppose 
them made by the joints. For take the inner lateral toe, and the articula
tion of the ungual bone with the second phalanx, will form one protuberance; 
and the articulation of tbe first and second phalanges, another. The articula
tion of the first phalanx with the tarso-mellltarsus will form another: but I 
have not included this joint in the description which I have p;iven of these 
protuberances. As the middle toe of birds has one more articulation than the 
inner lateral one, we are not surprised to find the same increase of protuber
ances in the middle toe of the fossil footmarks, if they were produced by 
birds. Nor is it strange that the impressions of the joints in the outer lateral 
toe should be so hlended as to be indistinct, if they were as numerous as tho 
a7ticulations in the corresponding toe of birds. 

Se,'eral of the reptiles, howl ver, have the same number of articulations in 
their toes as birds, as far as the first four toes are concerned. And as the 
crocor!ile has but four toes behind, (Cuvier's Regne .Jlnimal, Tome IL p. 18.) 
there will be a perfect correspondence between these and the toes of birds in 
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respect to the articulations. But as all the other lizards have five toe.s u?o.n 
all their feet, (except the Seps and one or two other genera of the Scmo1d1-
ans, which sometimes are tridactylous, but with feet so small and so situated 
that it is needless to spend time in comparing them with the fossil footmarks,) 
and arc quadrupeds, we may be confident that the fossil footmarks were 
made by different animals. But the protuberances upon the toes correspond 
with no other class except birds. 

This argument is not so satisfactory as some others, because I may be mis
taken in the nature and number of the protuberances upon the fossil foot
marks. But after much careful examination, I feel more and more confi
dent that the preceding statements and reasonings are correct. 

3. The character of the heel. It is well known to the comparative anatomist, that in adult 
birds, as a class, the tarsus and metatarsus are united in a single bone, which is not the case with 
any other class of animals. ( Ossemens Fossiles, Tome Troisieme, P· 308. Troisieme EditiJn.) 
Hence the whole lower part of wbat is usually called the leg of birds is the metatarsus, or perhaps 
more proper ly a tarso-melatarsus: at its lower extremity, there is a process shaped like a pulley, 
for Lhe articulation of the toes. 

It is in consequence of this structure of the foot, that the tracks of most living birds show so 
little heel. Unless the impression be deep, indeed, the toes only are seen, and all the wcjght ap
pears to have rested upon them. SomHimes, however 1 as may be seen on some of the figures of 

. Plate 50
1 

:rn impression is made at the point from which the toes radiate, which results from the 
lower extre1nity of the tarso·metatarsus. In one instance at least, that of the South American 
Ostrich, ( Struthio rhea,) a process or callus exists behind the toes, w'hicb does not extend down
ward as far as the toes; and therefore, could not make an impression unless the animal sunk 
deep into the mud. 

A large proportion of the Ornithoidichnites correspond to this description as to the heel. Sev
eral of them show nothing but the toes ; but liOme exhibit a heel like that of the South Ameri
can Ostrich, which did not sink as deep into the mud as the toes. As to the nature of the heel 
of the Pachydactyli 1 I do not feel entirely satisfied: but I think nothing mnre ~an be made of it 
than the broad termination of a stout tarso-metatarsus, with the processes necessary for the ar
ticulations of the toes. The process connecting with the ouJer toe is peculiarly prominent, and 
extends back farther than the two others; and this gives to several species (the 0. tuberos1ts, 
expansus and cuneatus,) such a ·wedge shaped appearance. 

There is one exception to the fact stated above, as to the feet of living birds, viz that the 
tarsus and metatarsus form but one bone. Jn a few of the web footed species, (the Palinipedes,J 
as the Penguin and the Manchots, the tarsus and metatarsus consist of three bones, and this ren-
ders such birds plantigrade ; that is, ,.,..alk upon the tarso-melatarsus, as well as the toP.s: 
In other words, they have a heel to the tarsal joint, which is sometimes consi<lcrably 
Jong. In some species of the Linnean genus Colymbus, a fourth toe is articulated to the tarsus, 
some distance behind the other toes. 

The feet of such birds pwsent the strongest analogy of any with which I am acquainted, to 
those ·which produced tbe Sauroidiclrniles. The birds, however, are web.footed, and the fossil 
footmarks show no evidence of such an appendag~. Again 1 the remarkable curvature or the toes 
in several species, has nothing analogous to it in the foet of the Palrnipedcs. Further, in one of 
the species (S. palmatus,) we have four toes directed forward, and in another (S. Barrallii

1
) we 

Pave five. These tracks, so far as the curvature of the toes, the length of the heel, and the 
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situation of the hind toe are concerned, certainly correspond in appearance more nearly to the 
feet of certain reptiles, examples of which are gi\•en on Plate 51, Figs 971 991 100 and 103. 
And it was on account of this resemblance, that I denominated these tracks, Sauroidichnites. 

But I did not thereby mean to convey the impression that I believe them to have been made by 
Saurians. For to such an opinion there exist two very strong objections. Jn the first place, 
with two exceptions, ( S. Barrattii mid palmalus, and the latter is hardly an exception,) they have 
only three toes directed forward and one behind: and secondly, so far as the evidence goes, they 
were made by bipeds. Now in these two respects, which are of far more importance than the 
characters which ally them to Saurians, they correspond to the tracks of birds. My conclusion, 
therefore, is, that they were made by what may be called Sauroid Birds: that is, by birds that 
approached Saurians in character: just as certain fishes, that existed in the ancie"llt world, and 
ha<l a Sauroid type, have been called Sauroi.d Fishes, although they are still regarded as real 
fishes. And it is not unfrequeutly the case, as we approach the limits between two classes 
of animals, that we find species on opposite sides of the separating line having many characters 
in common, yet preserving their distinctive characteristics. 

A writer in the Bibliotheque Universe/le De Gener:ie, for May 1836, in view of the fact! 
which I gave in the American Journal of Science in relation to our fossil footmarks, suggests 
whether they might not be biped Saurians. I have no objection to this view, if it can be sus
tained consistently with the principles of comparative anatomy. But if we admit these animals 
to have been Saurians, we must admit that they had but two legs, and these much longer than 
those of existing Saurians of the s:ime size: otherwise their steps could not have been so long. 
Of course, two such long legs could not sustain a body shaped like our present Saurians, but 
only a body like that of birds. Hence these animals would not be adapted to the haunts and 
mode of life of any existing Saurians, but to those of birds: and, therefore, it seems to me, the 
smc laws of relation lead us to conclude that they must have been birds. I know, indeed, that 
the Pterodactyle approaches the form of birds: and I had hoped to make out that at least some of 
the fossil footmarks were made by these singular animals; since they probably ha<l the power of 
moving on two feet. But here we arc met by the difficulty, that the toes of this reptile were 
four, all directed forward, which corresponds only with the S. palmatus. lt may be, that as the 
Pterodactyle approaches as near as possible to a bird, and yet retains the essential chuacterislics 
of a Saurian, so the animals that formed the Sauroidicbnites, might have come as near to Sauri
ans as was possible, and still be birds. 

J confess, however, that in regard to some of the Sauroidichnites, I do not feel any great con
fidence that these conclusions are correct I regret that I have not been able to obtain more 
facts in respect to them, especially as to the successive steps Not improbably farther rese;?rch 
might rcmoYe them into the class of Saurians. 

4. Tlte manner in which the tracks mcceed one another. I have exhibited 
upon Plates 47, 48, 49, 50, and 51, so many examples of these tracks, as well 
as those of living animals, as they appear upon the rocks, mud, and snow; 
and have given so minute a description of them, that I need only refer to 
them in this place. It will be seen that the fossil trncks exhibit the closest 
resemblance to those of living birds. Some of them follo~v one another al
most upon a right line: and so do the tracks of the peahen, the turkey, and 
the domestic hen, on Plate 50, Figs. 82, 83, and 84. Others are placed 
more or less to the right and the left of a right line, and alternately to the 
right and the left, and so are those of the domestic goose, the quail, and 

66 
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the crow, on Plate 50, Figs. 81, 85, and 86. If we find in the fossil 
specimens a track or two removed much more than usual to the right 
or the lefi, as if the animal stepped aside, so it is in the tracks of Ii ving birds, 
as shown on Plate 49, Fig. 74, and Plate 50, Fig. 80. If the bind toe in the 
fossil specimens, when it does not point directly backwards, is always on the 
inside of the foot, and frequently does not make an impression, or only with 
the extremity of the toe, so it is in the tracks of living birds ; as may be seen 
on Plate 50, Figs. 80, 82, and 83. In short, I know of no circumstance con
nected with the succession of tracks in the fossil specimens, that has not its 
counterpart in those of living birds. But with every other class of animals 
there is an almost total disagreement in this respect. Why then, should we 
hesitate to admit that those on stone were made by birds? 

5. The ratio between the /e>1gth of the fool and tllat of the step. I apprehend that this ratio in 
the fossil specimens agrees better with that of birds than of any olhcr animals. But I do not 

however, lay much stress upnn the argument. For as it did not suggest itself lo my mind till 

recently, I have not made that utcnsive collection of facts that would be desirable. I give only 

the few in my possession,derived chieHy from the statements already rnadeof the tracks of living 
quadrupeds and bipeds. 

Living Birds. 

Le11gll1 uj Foot. Length of Step. 

African Ostrich, 9 inches. 30 inches. 3.3 

Ardea Herodias, 5 " 15 " 3.0 
• Arden Canadensis, 3 " 5 " 1.7 

Turkey, 4 " 12 " 3.0 

Peahen, 3.5 " 9 " 2.6 

Partridge, 2 " 4.5 " 2.2 

Goose, 4 " 7 " 1.S 
Domestic Hen, 3 " 6 " 20 
Quail, 1.5 " 5 " 33 
Crow, 3 " 6 " 2.0 

Quadmpeds. 

Dog, 2 " 11.5 " 5.75 
Muskrat, 1.5 " 6.5 " 4 33 
Mink, 1.5 " 6. " 4 00 
Mouse, 0.5 " 3.5 " 7.00 
Wharf Rat, 05 " 12. 24-00 
Horse, 5 " 84. " 16.80 

The length of the step in the quadruped, is reckoned from one impression lo the next of the 

ume foot. If the distance between the nearest tracks be regarded as the IPngth of the step, and 
perhap •it ought to be, it would make the ratio more nearly the same in the quaJrupeds an<l bi· 
peds. Still it would not agree as well with that of the fossil footmarks as does that of the Jiving 
birds. 

•I am indebted for the facts in re!pecl to lhi!i bird, to Dr R:chard Ha.rlo.n, of PhiladeJpbia. 
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~. A con.sideral>le proportion of tlte fossil footmarks corresponds more nearly with tlu: feet and 
tracks of Gralla, Br Waders, than any other famil!J of birds. This is obvious from two facts : 
first, a large proportion of the Ornithoidichnites have but three toes; which is frequt>nt 
among the Grall;:e: and secondly, the length of the step in these footmarks is usually greater, 
in proportion to the size of the foot, than in living birds of other famil es: as an examination of 
the tables of the length of the foot and step in the fossil and living species, will show. Now if 
it be admitted, as I have supposed it necessary to admit, that the fossil footmarks were made 
upon the shores of an estuary, a lake, or a river, we should expect that the tracks of the Grallm 
woul<l be most apt to be found in such a place: and thP. coincidence between probability and fact 
affords a presumption in favor of the general theory, and of the supposition that the tracks were 
chiefly made by birds 

It is not necessary, howeV"er, from what we know of the h:tbits of living birds, to suppose that 
all these tracks were made by Grallro; for birds of prey are very frequently found on the shores 
of bodies of water in search of food; and the shape of the feet of some of the Sauroidichnites, 
Hpecially, indicates birds with talons well adapted for .assaulting other animals. 

7. The character of the hunei found fossil in the 11ew nd sandsl011e of the CDHntclicut valley. 
It is true, none of these bones have been found in immediate connection. with the footmarks. 
But as they occur only a few miles from some of the localities, and in the same continuous for
mation, if they could be shown to be the bones of birds, 1 feel as if it would strongly corroborate 
my theory: for it would at least prove that birds existed during the period when the tracks were 
made. Now it is well known that the bones of birds are hollow ; forming often a very thin 
cylinder. And from the appearance of those found fossil, at East Windsor and Ellington, which 
have been already fully described, I have been led strongly to suspect that such was their char~ 
o.cter. In Plate 4!l, Figs. 66 and 67, the bony matter is certainly very thin ; aad if the sand
stone condyles in l<'lgs. 69 1 70, and 71, Plate 46, once actually occupied the cavity of a real 
condyle, and the sandstone rib on Figs. 72 and 73, the cavity of a real rib, the original bones 
must have been hollow to a remarkable extent. Bul I make no pretensions to a knowledge of 

comparative anatomy; and shall not, therefore, undertake to decide this question. To do this 
requires some one extensively acquainted with the bones of different animals. And I had hoped 
that ere this time these specimens would have fallen under the eye of some distinguished com
p3rative anatomist. But as they have not, I can only figure and describe them, and leave it to 
others to settle their nature. 

Although, therefore, some of the preceding arguments to prove the fossil 
footmarks to be the tracks of birds, will need farther developement, (for in
stance, the fifth, sixth, and seventh,) before they will be convincing; yet 
some of the others are so decisive, (as the first, second, and fourth,) that it is 
difficult to resist their force. Indeed, when I prepared my first account of 
these impressions for the American Journal of Science, the case appeared 
to me so plain, that I felt justified in conveying this idea in the very name 
by which I designated them, viz. Omithichnites. My convictions are 
none the less strong, after much more extended observations, than they were 
at first, on this point. Nevertheless, because some gentlemen of intelligence 
and science have doubted on this subject, I thought the cautious spirit of 
true philosophy dictated that I should change the name, so as to imply re
semblance to birds' tracks, instead of directly asserting them to be such. 
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Whenever doubts exist, however, respecting the nature of these impressions, 
I have little expectation that they will be removed, except by an examina
tion of many specimens, and some at least in their native situations. I have 
strong confidence that usually such an examination will satisfy others, be
cause it has satisfied me; and I was entirely sceptical until I had seen them. 
This is one of those cases where one glance of the eye will do more to pro
duce conviction, than the most learned and accurate description. I respect
fully invite gentlemen, therefore, who feel an interest in this subject, and 
have doubts concerning my views upon it, to visit my collections, and let me 
conduct them to one or two localities, especially before they publicly oppose 
the idea that they are tracks, or bii·d tracks. 

I do not wish to decide this matter at all by authority; but as the opiuiou of able judges must 
be considered highly important on such a subject, I trust I may be excused for reCerring to the 
published statements of two distinguished foreign geologists; both of whom had previously seen 
specimens of·tbese tracks, and one of them had visited my collection and some of the localities. 
l the more willingly quote their opinions, because they are both perfecfly familiar with the fossil 
footmarks, which, within a few years have been discovered in Scotland, England, and Germany; 
and could, therefore, determine whether those from the Connecticut valley were of the same 
general character; that is, whether they were really tracks. Dr. Buckland had, indeed, seen 
only the few specimens with casts, which I forwarded to the London Geological Society, about 
the time that his Bridgwater Treatise was in the press : but he had not seen the much more per
fect specimens which I have since found. Yet in that work he recognizes these footmarks as 
those of birds, and says, that " they are of the highest interest to the Palaeontologist, as they 
establish the new fact vf the existence of Birds at the early epoch of the New Red Sandstone 
formation, &c. ('Vol. 2 . p. 40. first English Edition.) 

Dr. Daubeny, another distinguished professor in tbe University of Oxford, visited the valley 
of the Connecticut in 1838; and in his Sketch of the Geology of Narth America, published after 
his return to Europe, I find the following among other remarks, respecting these impressions. 
"l will only remai:k,'' says he, '' that having myself visited one of the spots where these tracks 
have been recognized, and compared the impressions seen on the surface of the stoce with the 
more perfect ones selected by the professor for his own museum at Amherst, I went away, ful1y 
impressed with the belief, that they could have been produced in no other way, than by the 
treading of birds. of various sizes upon a soft and plastic material." (p. 20.) 

It may seem a matter of small importance to many, whether these tracks 
be those of birds or not. But not so to the geologist. For up to the year 
1836, when I first published an account of the footmarks, no certain evidence 
had been discovered of the existence of birds in any strata older than the 
tertiary. About that time Dr. Mantell proved the occurrence of this class 
of animals in the W ealden Formation, which lies below the chalk, by the 
discovery of the tarso-metatarsal bone of a wader in the strata of Tilgate 
Forest, and a few other fragments of bones. (Geological 'Ilransactions, 2d 
Series, Vol. V. p. 175.) But if these imprints in the new red sandstone of 
.the Connecticut valley are really the footsteps of birds, it proves to the geol-
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ogist that this class of animals existed thousands and even tens of thousands 
of years earlier than the period in which the 'Vealden Formation was depos
ited. Nor is it their mere existence that is thus ascertained: but more than 
20 species have left the imprint of their most characteristic organ, the foot. 
And some of these are most remarkable for their form or size. Truly, the 
question is one of great interest and importance to the science of geology : 
and, therefore, it is proper for the votaries of that science to examine it with 
the most careful scrutiny. I feel entirely confident, for the reasons which I 
have presented, that the final decision will agree in its essential features with 
that which I have now made. I wish always to be understood as ex
cepting a few species of the Sauroiclichnites; such as the S. Barrattii, ltele
roclitus, &c.: for it would not surprise me if it should be discovered that 
these were made by quadrupeds: although that they were the tracks of some 
animal, I regard as a settled poiut. Nevertheless, in regard lo all my con
clusions, if it can be shown that I am wrong, most cheerfully will I resign 
my present opinions. Nor even in such a case, shall I feel that I have la
bored in vain ; since I shall have turned the attention of geologists to a most 
interesting subject. 

I have pointed out fifteen localities of the footmarks along Connecticut 
river, in the distance of 80 miles: and from these spots I have obtained 27 
species, which I suppose must have been made by different species of birds, 
and that in a large proportion of instances they probably differed generi
cally. Now I do not believe that 15 places of equal extent can be found at 
present in the valley of the Connecticut, where, in the course of a summer, 
the tread of as many species of birds can be found. Shall we hence con
clude that these animals were more numerous in sandstone days than they 
are at present~ The climate then was doubtless tropical, or ultra-tropical, 
and, therefore, more favorable to the developement of animal life than at 
present It may be, therefore, that birds were more numerous then than 
they now are. But the facts above stated do not prove it. For the tracks 
which I have described, were obtained from many different layers of the 
rock :-from several even at the same locality. Now we cannot suppose 
that usually more than one layer was deposited during a year; so that the 
animals which made the tracks may not have been cotemporaries by hun
dreds, nay thousands, of years. Hence we might expect by examining these 
different layers, which are now exposed at the quarries, that we should find 
the tracks of far more animals than by examining 15 places of equal extent 
during a single year in the same valley. Hence too, we see the reason w by 
different localities differ so much as to species. I know of scarcely any spe
cies, except the animal that produced the Ornithoidichnites giganteus, that 
seems to ham flourished during all the periods embraced in the different 
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localities. Other species may have died out, and new ones come iu: but 
this one seems to have been preserved ; and we can hardly doubt but it had 
the physical power, not only to vindicate its own rights, but to subject other 
species to its dominion. 

I am led by this remark to say something as to the size of the birds that formed the fossil 
footmaks, especially the larger ones. In respect to almost all the animals disco\'ered in the secondary 
rocks, it has been found that many of them are larger than those most nearly allied to them now 
Jiving on the globe. And a mere inspection of some of the enormous tracks that have been 
described, (as O. giganteus and ingens, and S. polemarchius,) satisfie10 us that the same rule holde: 
true in respect to the birds. Such a powerful impression was sometimes made by these species, 
as to amaze one. I have already stated that on comparing the 0. giganteus with the foot of an 
African Ostrich-the largest known living bird-( which I did by weighing c_arefully pieces o! 
paper cut of the size of the feet,) I found the former to be four times the largest. The ostrich 
weighs from 80 to 100 pounds: and I am sure that it must have required at least four times that 
weight to have sunk so large a foot so deep as mentioQed above, even into very soft mud. 

My friend, Professor Snell, has suggested, that if we suppose the ostrich and the bird that 
formed O. giganteus to be similar, and the surface of the feel to be as I to 4, then the linear di
mensions would be as I to 2 1 and the solid dimensions as 1 lo 8 j and the weight, therefore, as 
1 to 8. This may be the true principle of comparison: But in the preceding paragraph I as
sumed that the weight would be as the surface of the foot: which would make them sink equally 
deep into the mud. 

There is another mode in which we may approximate perhaps more nearly to the size of these 
ancient animals, provided we obtain certain data from living birds with accuracy, and assume that 
the extinct ones were of the same family; say, in the presf'nt case, that they were Grallre. 
Suppose now we obtain the length of the whole leg of a species of living waders, and the length 
of its ordinary walking step. Taking the length of the step for a base, and the length of the 
leg for the two other sides, we have an isosceles triangle. Now if we have the length of 
the step of any other bird of the same family, we may suppose an isosceles triangle 
formed as above, with the same angle at the summit: and hence by proportion we get the length 
of the leg that made the track. And if we have measured the length of the first bird, or its 
height above the ground, we can, by direct proportion, obtain the length or height of the un
known bird. And so almost mathematically consistent are the relations between the different 

• p!lrts of animals of the same tribe, that I have not a little confidence in this rule, as likely to 
afford a result not very distant from the truth, provided the data are well settled; which I ac
knowledge to be a difficult matter. In the present case, I have been unable from my situation 
to obtain but very slender data for the problem; and I give the following !ltatements, rather to 
illustrate the rule, than in the expectation that the results will be of much value. 

Professor Mussey, formerly of Dartmouth College, and now of Cincinnati, had the goodness 
to lake a few measurements from the skeleton of a rather large African ostrich in his Museum. 
He says that " the length of the leg, viz. the distance from the hip joint to the ground, is 4 feet 
an<l 1 inch j and the distance of the head from the ground is 7 feet 8 inches. The ele\·ation of 
the head, it is obvious, must vary with the direction of the axis of the body, which, as the skel
eton now stands, is not quite horizontal, but rises a very lillle anteriorly." The next point wa.s 
to obtain the length of the ostrich's step when walking naturally. I am jealous of any trials in 
the common menageries: But I have been informed on good authority, I believe, that a gentle
man in New York kept an ostrich for some time, of an ordinary size, in his garden, and that the 
length of his step ordinarily was 30 inches. This is tbe only fact of the kind which I have ob
tained that I have confidence in And supposing 30 inches to have been the step of Dr. Mussey'11 
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ostrich, (very probably it was somewhat more; for it appears lo be rather above the ordinary 

size,) and following lhe rule that has been giveu, we obtain for the length of the legs, and the 

height of the animals that maJe some of tlie Ornithoidichnitcs, the following numb{!rs. I have 

selected only those species which appear to me most nearly related to the ostrich, and the length 

of whose ordinary step is best setlled. 

Length of the leg. 
O. gigantcus, 77 inches. 

o. ingens, I ~:;~~e1st sp~c~~en, 1 
~~ " 

O. tuberosus, 40 " 
0. e>.pansus, 40 " 

O. cuneatus, 16 " 

0. elegans, 26 " 
0. isodactylus, 6.4 " 

0. minimus 4.8 " 

Height of the animal. 
148 inch~. 
123 (( 

220 " 

77 " 

77 " 
31 (( 

50 " 
12.2 (( 

9.2" 

I have taken the step of 0. giganteus al 4 feet, although sometimes it is 6 feet: but this is not 

usual. The largest specimen of 0. ingens, l have measured only at one locality, where it was 

6 feet: perhaps this was its running, not its walking step. It makes the animal 18 feet high. 

But I have less confide-nee in this result than in the case of 0. gig::rnteus, where thf! animal was 

a little over 12 feel high. And after viewing its track, I am prepared to believe that this is no 

exaggeration. 
Jn order to test the rule which I have given above, I applied it to the steps of a few living 

birds, which have been given on page 518. The Ardea herodias is one of the long legged 

waders, and carries its head very high. The largest specimens arc more than 5 feet high. But 

this rull', applied to the example in the taL!e, gives 24 inches for the length of the leg, and 46 

inches for the height of the bird ; fallin!;: considerably short of the height given by Wilson in 

his Ornithology. The same rule, however, applied to the turkey and domestic hen, makes them 

several inches taller lhan they usually are. This confirms me in the opinion that this rule must be 

confined to birds of the same trib<', and that in the case of the long leggt><l tribe, the data, which 

I have used, do not give too great a height. I measured the longth of lhe leg of an ordinary 

domestic hen, and found it to be about 7 inches; and the height of her head was about 12 

inches. Taking these numbers for data, ::md we gel the following results for sereral birds: 

Length of leg. Height. 
Tame Turkey, 14 inches. 24 inches. 

Peahen, 10 " 17 " 
Goose, s " 14 " 
Quail, 6 " 10 " 

ThPse numbers agree much better with the actual height of these birds tban if the calcula~ 

tion bad been based upon the numbers derived from the ostrich: and the result of the whole, is 

a conviction, that I ha,·e not overrated the size of the bir<ls that formed the fossil footm:irks. 

Is it not fair, then, to conclude that such were some of the lords paramount 

in this beautiful valley, in the immensely remote period of the deposition of 

the new red sandstone 7 Nor can we suppose that they reigned here alone: 
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for if a genial climate then exisfeJ, as their enormous developement proves, 
we may infer, from what we know of Divine Benevolence, that other gigan
tic races of animals participated in its blessings: and to sustain them, vege
table nature must have been proportionally prolific. Few relics of these 
organic natures have survived. But the history of the footmarks should be 
a caution to geologists, not to infer too hastily the non-existence of animals 
because their skeletons have perished. The scarcity of organic remains in 
the new red sandstone, may probably be more owing to something tmfavor
able to their preservation, than to their not having existed. 

lVith what interest and enthusiasm does the antiquary open and attempt 
to decipher and arrange the mutilated and imperfect rolls of some ancient 
papyrus, that has just been brought to light, and whose contents reveal a 
new and an earlier chapter in a nation's history, or tell of the former exist
ence of some race before unknown ! Shalf not the geologist be pardoned, if 
he indulges some of the s'J.me feelings, when he discovers and can read, even 
though imperfectly, archives of far more ancient date, bringing fresh before 
his mind, races of animals new and peculiar, that tenanted the globe untold 
ages before man became its possessor~ If an event becomes more interest
ing the farther it is thrown back into the past, geological facts must surely in 
this respect take the precedence of all others. For the most ancient event 
in chronology-the six days of creation-is, I had almost said, the most re
cent in geology. From thence we wander back through a duration which 
we can measure only by a succession of events, and not by chronological cy
cles, except to ascertain from existing nature that the intervening periods 
must have been vastly long. Then, too, the records which the geologist digs 
from the rocks, of animal and vegetable existence at immensely remote pe
riods, are often as fresh as if entombed yesterday. Their most delicate parts 
--even the eye in some instances-are as perfect as when the animal was 
alive, and the footmarks which he sees following one another in regular suc
cession, are as distinct as those of living animals passing over the mud or the 
snow before his eyes : while the pattering of a shower, that fell on the same 
surface thousands of ages ago, is as fresh before him, as if every drop had 
been instantly petrified. 

How many millions of men have spent their days, and finally sacrificed 
their lives, in order to leave some memento of their labors that would go 
down to posterity: and yet, not a vestige of their existence remains upon 
the earth! But the birds and reptiles that passe<l over the surface, long be
fore the globe was fit for the residence of man, have left marks of their 
transit, which can never be effaced.* The proudest monuments of human 

•Sef' Dr. Buckland'e Bridgwatcr Trc . i.sc, Vul . 1, p. 2621 Eng1ieh 'Ed itia n
1
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art will moulder down and disappear; butas long as there are eyes to behold 
them, the sandstone of the Connecticut valley will never cease to remind 
future generations of the gigantic races that passed over it, when yet in a 
half formed state. 

Birds, a problem ye have solved, 
!\1annevcrhaY:-loleaveatraceonearth 

Toodeepfortimeandfatetowcaraway . 

.Artesian 1-Vell in the New Red Sandstone. 

ScYrrat years ago, Mr. Disbrow made an exploration by boring (or coal in the north part of 

South Hadley, on the north bank of a small stream running into Connecticut river 1 on the farm 

of Chauncey Hale ; commencing a few feet above the stream. l was informed on the spot, that 

he bored to the depth of 180 feet; and that from nearly that depth, a spring of waler rushed up 

with a good deal of force. lt continues to flow with much force at the present time; and in 

May 18401 I made the following experiments, to ascertain whether the temperature in this spring 

is higher than the mean temperature of the place. 

One method was, to ascertain the mean temperature of the spot by applying a thermometer to 

some wells, the deepest I could find in the vicinity. I bad tried this experiment the year prc
Yious, in the latter part of August, and as the ground is sandy and the wells not deep, I was con

fident the water in them felt the influence of the surface temperature: for it was higher than 

that of the Artesian well. I therefore chose a time the next year, before the heat had penetrated 

so deep; and after the effect of the snow of winter bad ceased. May 30th, 1840, the result 

was as follows: 

Tc>mpcrature of Lewis B. Fish's well, 19 feet deep, 48° small. 

of Alonzo Ly1uan 's " 46Q large. 
J\Iean, ~ 

Tempcr.tture of the Artesi:in well, 52° 

Increase of heat by this cxpcr;mcnt, I degree for each 3ti feet. 

Ily the Yery accurate obsen·ations of my friend and colleague, Professor Snell, the mean tcm· 

pcrature al the college in Amherst for 18371 1838, 1839 and 1840, five miles north of lhe Arte&ian 

well, was i!Oc;i.3-1. This would give an increase of temperature equal to 1 degree-for every 32 feet. 

The near approximation of these results to each other, and to the mean rate of increase in 

subterranean temperature in other countri<•s, is rather striking. Yet 1 am disposed to regard it 
as ncchlcnta!. But I think I may safely infer from all the facts, that an increase of heat as we 

descend into the earth at this pbce, does occur; and that the rate of increase is not widely diffcr
rut from the rate in other parts of the world. And in the paucity of similar observations in 

this country, I regard this conclusion as very interesting. 

The rock at this well is gray mic:iccous sandstone and shale, very much resembling those of 

the coal measures: and they dip southerly from 15° to 20Q. On the north lies Mount Holyoke, 

and the surface rises in tl1at direction : so that the explan-ation of the strong upward force of the 

water at this well, is perfectly satisfactory, by principles which will be more fully e:tplainl'J in 
the Ja:;t parl of my Repart. 

67 
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Theoretical Considerations 1·elating to the Formation Generally. 

The new red sandstone series that has been described, consisting chiefly of the fragments {Jf 

olJer rocks from the surrounding region, must obviously have been produced chiefly Ly the 

agency of currents of water, which first wore away these rocks, anti then transported and depos

ited the fragmeots where we now find them. As to their consolidation we know that water, air, 

and heat, may all, under certain circumstances, accomplish this work. \Yater may contain in 

solution some cement, say carbonate of lime, which shall be deposited in the iutersfces between 

w~ter-worn fragments and thus unite them. Air, it is also well known, by abstracting water 

from some of the materials that form rocks, does sometimes effect their consolidalion. Heat, 

likewise, in the same manner, if it be sufficiently powerful, by producing also a crystalline ar

rangement of the m:iterials, will harden them into stone. Now in the case of the red sandstone, 

several of these causes may have conspired to effect its consolidation. The existence of beds of 

limestone in this formation, and of carbonate of lime diffused through some of the varieties of the 

shale, and e\·en of the coarse conglomerates, shows that deposition from chemical solution in 

water, was one of the important agencies concerned in its production. The inclined position of 

the·strata, as well as the character of the organic remains, show that these rocks have been ele

vated from beneath the water, and of consequence have been, at least in part, hardened by desica. 

tion. And the presence of trap rocks in the midst of the formation, not .to spe:::tk of other 

proofs of igneous action, demonstrates the agency of heat in its consolidation. 

It will naturally be inquired, how the red color, so characteristic of the most important varie

ties of this rock, could have been produced. Undoubtedly it proceeds from the red oxide of 

iron, which, in some way, has been diffused through the mass We find in breaking open the 

fragments in the conglomerates, that the smaller ones are penetrated throughout by this coloring 

matter; while the larger ones are colored only to a certain depth. (No.143.) Now,hastheiron 

actually penetrated these nodules, or has heat changed the iron, which they originally contained, 

into the peroxi<le ? The latter supposition appears to me most probable: and though air and water 

might possibly produce such a change to some extent, yet I think we must call in the agency of heat, 

to rxplain the very thorough manner in which some of the finer sandstones of this group have 

been colored red. Probably this heat operates upon the materials while yet at the bottom of the 

ocean. Subse1uent chemical changes converting the peroxide of iron into the protoxide, may 

l1aye produced many of lhe other colors found in this rock. 

Some of the conglomerates of this formation, as that forming the greater 
part of Mouut Toby, in Sunderland, is so coarse, and destitute almost of 
stratification, that such agencies as now transport detritus are hardly suffi
cient to account for its accumulatio.11. Very probably powerful disturbances 
producing deluges, and violent currents, may have assisted in this work. 

lt is an interesting inquiry, whether the greenstone ranges now existin~ in the very midst of 

the sandstone formation, ·were produced anterior to that rock, or during the same epoch, or after

wards. Jn all the lower beds of the sandstone formation, I bave ne\•er found a single fragment of 

the greenstone; and, thereftire, I infer that the iatter rock did not exist i'revious to the deposition 

of these beds. Nor bave l found any of the trap in the conglomerates of the higher beds. It 
generally separates lhe higher and more diversified mPmhers of the formation from the red thick 

beilded sandstones and conglomerates of the lower part. Now there is one fact which ma.kes it 

very probable, that the greater part of the greenstone was protruded immediately after the de

position ant.I conso1idatioo of the lower beds, but before the uprer ones were formed-and whilo 
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the lower ones were mostly beneath the waters. A deposit of tufaceous conglomerate lies imme

diately above the greenslone, and passes gradually into the sandstones and shales that cover it . 

The fragments are a good deal rounded, and consist as the cement, does, of a kind of trap luff 

and sandstone. 1t is a rock that must have been formed by the attrition of water upon the ma .. 

terials that compose it, and deposited beneath the ·waters. Hence the greenstone, as well as the 

sandstone, must have existed prior to its deposition. Probably, therefore, the greater part of the 

grt!enstone may have been poured out over the bottom of the ocean, after the deposition of the 

lower beds of the sandstone. Then the prncess of depositing the upper beds commenced: and 

it would seem that ere long, perhaps before it began, the ridges of greenst<ine were so elevated 

nbove the waters, as to form the western shore. For there we find the fossil footmarks already 

described, which, as I have endeavored to show, must have been formed upon a muddy shore. 

Another fact, which I shall describe when I come to speak of greenstone, shows that that 

rock continued to be protruded, even after the deposition of lhe upper beds of the sandstone. 

For the 1atter rock,as at Turner's Falls and on Mount Holyoke, has evidently been thrown up at 
a larger angle, than the usual dip of the rock where it comes in contact with the greenslone. The 

elevation of the whole formation to its present condition was probably o·wing to some more 

general cause, than the protrusion of the green stone: because the lower and upper beds are elevated 
together and almost at the same angle. 

There is great reason to believe that the new red sandstone formation 
of the Connecticut valley had a marine origin: that it was deposited beneath 
salt water. If the fossil plants found in it be some of them fucoides as I have 
supposed, it would be conclusive proof of this. It is true that the larger part 
of the vegetable remains in this rock appear as if of terrestrial origin. But 
these are usually in fragments, showing that they were transported: and 
probably this valley constituted an estuary making northward from the At
lantic Ocean. 

Professors \V. B. and H. D. Rogers are of opinion, that the strala of new red sandstone of New 

Jersey, Pennsyh'ania, Maryland and Virginia, (denominated by them the Middle Secondary,) 

assuined thdr present northwesterly dip, not by being tilted up by a force from beneath, but from 

the manner of its deposition, which they suppose to have been by currents setting to the north 
west and bringing in the detritus of primary rocks. For aught I know this may be a correct 

supposition. But several circumstances will not allow us to extend this theory to the valley of 

the Connecticut. The dip of the sandstone there is easterly, or a little southeasterly, so as to 

bring the strike to coincide with the course of the valley. On each side of the valley is a high 

range of primary rocks: that on the west being the highest These ridges were undoubtedly 

dry land, when the sandstone was in a course of deposition: and therefore the streams running 

into the valley from these ridges probably furnished the materials for the sandstone. But ac

cording to this theory the western ridge must have furnished them all, because 1he easterly dip 

eXtends to the eastern side of the formation. It is scarcely possible that the detritus should ham 

been thus pushed to the very eastern margin of the estuary, while that which must have entered 

from the eastern primary ridge has left no evidence of its existence. Moreover the dip of the 

sandstone corresponds to the greater dip of the primary rocks on its western margin: and as we 

know that the latter have been elevated by a subterranean force, we have here a sufficient cause 

for the elevation of the latter : I infer, therefore, that the probability is strong that the clip of the 

sandstone resulted from this cause, and not from deposition on a sloping shore. Besides all this, 
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I find it difficult to conceive how this formation could have been raised to its prcseu i height a hove 

the ocean, without being more or less tilted up. 
A careful examination of the fossils of this sandstone, will convince any one that their resem

blance to any now found living on the globe, is very faint: so that probably they cannot be re
ferred to the same genera, much less to the same species. This accords with the facts that have 
been observed in other parts of the world. The farther down in the series of rocks we penetrate, 
the more unlike living animals and plants are those found in a fcssil state. And it seems to be 
now preltywell established

1 
that there have been several successive creations and extinctions of 

animals and plants on our globe, before the production of its present organized beings. ll is not 
certainly ascertained how many of these destructions and renewals have taken place. Adolphe 
Brongniart thinks that four changes of this kind are clearly discernible among fossil vegetables.• 
Hence he infers, that there have been four periods of vegetation since the creation; each differing 
from the other by a marked distinction in the species, and even genera of plants, and in the nu
merical proportion of the different kinCs. During the first period, the strata, from the lowest 
fossiliferous rocks to the lower part of the new red sandstone, 1\""ere deposited. The scc~n<l 
period includes the time during which the new red sandstone series was forming. During the 
third period, the vegetables lived, which are found beh\'een the new red sandstone group anll the 
chalk, including the latter. The fourth period commenced after the deposition of the chalk, :rnd 
reaches to the highest of the tertiary deposits. During each successive period, the vegetation 
Lecomes more perfect; that is to say, vascular cryptogamous plants predominated vastly during 
the earlier periods, while dicotyledonous and monocotyledonous vegetables prevailed during the 
last period. The same is true in respect to animals. Those found in the lowest rocks are ex
tremely simple in their organization, and vertebral animals, except a few fishes, do not appear 
lower do'\'ll than the new red sandstone; while land animals begin to appear still higher in the 
series. 

The conclusions of Dr. Macculloch appear to coincide nearly with those of Brongniart : and 
lhe former writer takes animals as well as vegetables into the account. 'Thus then)' says he ' if 
these views are correct, I have demonstrated four extinctions of antecede'"lt organized creations: 
while there are two more perhaps less satisfactorily provcd.'t He seems to be disposed after
wards to raise this number to seven, or even eight, including man and the existing race of animals. 

Sir Ch:lrle-s Bell regards the great difference belwcen the living and the fossil anima1s, and 
between those in succt!ssive groups of rocks, as decisive evidence of new creations. The prin
ciplt?s of comparative anatomy, he considers as proving this beyond all reasonable doubt. 'Every 
thing,· .says he,' t.lec]ares ll1e species (of animals) to have its origin in a distinct creation, not in 
a gradual variation from some original type; and any other hypothesis than that of a ne\v crea
tion of animals suited to the successive chdnges in the inorganic matter of the globe-the con
dition of the water, atmosphere and temperature - brir.gs with it only an accumulation of 
diffic:ulties.'t 

Recent discoveries in astronomy rf'nder it probable lh1t tlwrc exist dlsturhing forces among 
the heavenly bo<lies ; very feeble, indeed, but which must, arter periods of immense length, pro
duce important an<l extensive changes and catastrophes among suns and planets. And one can
uot but inr1uire, whethN there may not !Ja some kin<l of connection between llwse astronomical 
au<l gC'ological periods. But we ought to recollect, in the language of Profes::;or \Vhewell, that 
'our knowledge of the \'ast periods both gt>ological nnd astronomical, of which we ha,·e sp..,ken, 
is mo::;t slight. It is in fact little more than lhat such periods exist, that the ~urface of the earth 
has, al wide intervals of tin1e, und~rgo:ie great ch:1ngrs in the disposition of land and water, and 

,. D:~1io1u1airc p·11is1oire NatllrellP 1 Art. Vegetaux fossilrs. f System of Geology, Vol. JI. p. 432. 

t The Hand, its Mechnnism,&c. p.115. 
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in the forms of animal life; and that the motion of the heavenly bodies round the sun are affected, 

though with ioconceivablP slowness, by a force which must end by deranging them altogether. 
lt woultl, therefore, be rash to endeavor to establish any analogy between the periods thus dis

closed; but we may obsen·e that they agree in this, that they reduce all things to the general 
rule of finite duration 1• 

It ought not, however, to be forgotten in this connection, that not a few of the disclosures of 

modern astronomy give us reason to believe, that some of the heavenly bodies are now in that 
semi-chaotic condition, in which they are un6t residences for such nature as ours, and are in fact 
in a state similar to that in which the earth was for ages previous to the creation of man; that 
is, slowly passing from a desolate to a habitable condition. The comets appear to be in the ex
treme of desolation, even in a gaseous state, demanding periods incalculably long, by the opera
tion of natural laws, for their consolidation, and conversion into fit abodes for animal and rational 
natures. Possibly still farther removed from such a state, may be the nebulae. The moon ap
pears to be so far redeemed from the uncontrolled violence of volcanos, as to be adapted per
haps to some animal natures. Jupiter is not improbably still covered by a wide ocean, in which 
such monsters as our secondary strata disclose, may now have sway. Jn short, astronomy has 
disclosed enough of the geology of other worlds, to render probable the conjecture, that they are 
undergoing those astonishing changes, which seem to have taken place, or to be now progressing, 
within and upon our own. 

I am aware that such conclusions as these will seem to many at variance with the s~cred rec
ord. For Moses speaks only of one creation of plants and animals. But if it be only admitted, 
as it seems to me the principles of a just interpretation demand, that after mentioning the origi~ 
nal production of the universe out of nothing, he leaves untouched an indefinite period, of what 
may be called the semi-chaotic state of the globe, we shall find no difficulty in reconciling every 
apparent discrepancy. For during this long period, all those creations and revolutions which 
the strata now reveal, may have taken place; and the animals and plants thus brought to light, 
are of exactly the character which we should expect might exist in a semi-chaotic condition of 
the globe. But of what possible use, in a moral point of view, and in a revelation for the great 
mass of mankind, would it have been, to have given :'.l.11 account of the creation and extinction of 
certain huge ferns, sea weeds, zoophytes, and sea monsters, '~hose relics would be brought to 
light, not till several thousand years afterwards, by the researches of geologists? 

That the first chapter of Genesis admits of the interpretation which I have suggested, is ren
<lcred probable from the fact that commentators of no mean name had adopted it long before ge
ologists had suggested the clifficullies that have been mentioned. Bishop Patrick, for instance, 
more than 200 years ago, is fli!I and e}\plicit on the subject in his Commentary. Not a few of 
the distinguished commentators and theologians of our own days have advanced the same 
opinion. Suffice it to mention the names of such men as Bishop Horsley, Sumner, and Glcig: 
Dr. Chalmers, Dr. Buckland, Professors Rossenmuller,Conybeare, \\"hewell,Jamcson,SirCharles 
Bell, Sir J. F. W. Herschel, &c. 

So far then from fiildi11g in these (acts and conclusions of geology any objections to the Mosaic 
records 1 J find in them a striking evidence of the benevolence of the Deity. For during the long 
period a.hove spoken of, the globe was evidentli prrparing for the residence of man, ancl the other 
animals that now inhabit it. Before their creation, its temperature was too high, and i's surface too 
liable to be broken up by volcanos and drenched by deluges, to be a secure and happy abode 
for the more perfect races of animals that now inhabit it. But it was adapted to the nat1,1re and 
habits of such animals and vegetables as we now find entombed in the rocks. The overflowing 
benevolence of the Deity, therefore, led him to place such beings upon it; and thus to commuui .. 

., Wflewell's Bridgwater Treatise, p.157. 
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cale a vast amount of happiness, which seems to be a grand object in all his plans and operation-:. 

The vegetables that existed in those early periods, have bPen converted, in the course of time, 

into the various species of coal now dug from the bowels of the earth ; while the remains of the 

animals of those times have become changed into limestone. And even those dolent volcanic 

agencies, by which the successive races of plants and animals harnbeen suddenlydestroyed,have 

probably introduced into the upper part of the earth's crust, various metallic veins very im

portant to human happiness. And in all this, we see indications of that same benevolent fore

sight and care, for supplying the wants of bis creatures, to which our daily individual experience 

of God's goodness testifies. . 
I deduce anolher moral consideration of no 1itt1e illlportance, from the facts and conclusions 

that have been stated. So constant and uniform are the operations of nature in genern.l, that 

philosophy has always been prone to regard the universe as a most curious machine, set in mo

tion at the beginning by an all-wise being, who having furnished it with every thing requisite to 

keep it eternally in play, has left it to run on in the prescribed course, without his interference, 

and without any need even of his direction and superintendance. lndeed, some have thought 

this machine so perfect, as to need no creating and superintending Cause, if we only admit it to 

have been eternally in motion. But these records of geology show us that this supposed uni

formity has be.en often broken in upon. For if the geologist can explain how the operation of 

natural laws might destroy races of plants an<l animals, he must admit a special miraculous in
terference in the creation of new ones. The resemblances between the plants an<l animals in 

each of the divisions of the strata, that have been mentioned, even to the very l:mits of each di

vision, and the suddenness of the change that then takes place in their characters, preclude the 

idea, so much of a favorite with certain philosophers, that all was the result of a ffradual meta

morphosis. Now if we thus ascertain that God has specially interfered with the operation of 

natural laws in the instances under consideration, the presumption is, that he may interfert> again, 

whenever the good of his univ-erse demands. Thus do we get ri<l of a host of atheistical ob

jections, with which the student of natural theology finds his path encumbered. It would have 

been well, if some, who can see nothing but atheistical tendencies in the principles of geology, 

had recollected, before filling their pages with uncandid vituperation of this science and its 

cultivators,• that it is the only science, with the exception perhaps of astronomy, whose prin
ciples could furnish such a refutation. 

Nor ought it to be forgotten thJt these VP.ry principles and deductions of geology, that have 

excited so much of alarm and opposition among some fritnds of religion, and so much of premature 

and groundless exultation among its enemies, have nevertheless, when taken in connection with 

l\Sttonomy, developed and established a law of God's natural government of the u1frverse, grand 

beyond all others known to man ; and undiscovered, or only dimly seen, by the great minds of 
other generations. I refer to the fact, that perpetual change is made the gra'Tld co11servative and 

controlling principle of the universe. Men have always seen and felt this instability in respect to. 

every thing on earth j and they have regarded H as a. defect, rather than a wise law of the 

natural world. But they now find it to be equally true of suns and planets, as of plants and 

animals. ' Perpetual change) perpetual progression, increase and diminution, appear to be the 

rules of the material world, aud to prevail without exception.'t And this very instability is the 

great secret of the permanence and constancy of nature's operations, and of the ad<lptation of tbe 

external world to the wants and happiness of organized beings. It is 'a principle superior to 

those grand rules which we have been accustomed to regard as constituting exclusively the laws 

of nature, from the security which we see in it, beyond the longest and apparently most perfect 

" See Penn's Comparative Cstimate of the Mineral and Mosaical Geologies, 2 Vols. Svo. 2d Ed. London 

1825. f Prof. Whewell. Bridgwater Treatise, p. 158. 
1 
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periodical movement~ or our solar system.'* Jn fine, it is probably the most splendid display or 
the Divine skill which lhe universe can furnish. 

l hJ.ve he1e entered only upon the limits of a wide field. I cannot proceed farther. The 
great interest which every reflecting man feels in speculations of this kind, and the expectation of 
being misunderstood if I entered into no explanation, ba, .. e led me to venture thus fart 

5. GnA YW ACKE. 

"Graywacke designates," says Humboldt, "when taken in a more general 
sense, every conglomerate, sandstone and fragmentary or arenaceous rock of 
transition formation, that is anterior to the red sandstone and coal formation." 
(Stperposition of Rocks, p. 201.) "Viewed on the large scale," says De la 
Beebe, "the graywacke series consists of a large stratified mass of arena
ceous an<l slaty rocks, intermingled with patches of limestone, which are 
often continuous for considerable distances." (Geological Manual, p. 433, 
Second London Edition.) In another place he says, that "this group of rocks, 
as developed in Cornwall, Devon, and West &merset, (England,) is chiefly 
composed of sedimentary deposits, varying from the finest roofing slate to 
conglomerates; some of the component parts of the latter weighing more 
than half a ton." (Geological Report on Cornwall, Devon, ~c., p. 37.) 

In my former reports ] have supposed tlint these definitions would embrace a varied deposit of 
slaty arenaceous and conglomt;:ratecl structure in the eastern part of Massachuselts; and so it lrniJ 
been considered by all geologists who have ·written upon the rocks of that region. Tb is conclu
sion, however, rests chiefly upon their lithological characters. For excepting some coal plants, 
I am not aware that any organic remains have been found in them. Nor can we resort in this 
case to relative position to settle lhe question: for no sedimentary rocks, either newer or older, 
(except diluvial and alluvial deposits, and a small patch of eocene tertiary,) occur in that part of 
Massachusetts. HC1wever, these rocks are usually much more lndurated than those of the coal 
measures, or the new red sandstone. Indeed, some of them pass insensibly into distinct primary 
rocks. They are also traversed frequently by veins of quartz; which is scarcely if E'Hr the 

.,. Essai sora Temperature 0<' l'Interior Oe la Terre. pnr. M. Cordier, p. 84. 

t The eonnection between geology and the Mosaical r('eord excile,; at the present day so much inl<"rest, 
and 80 much crude m11tter appears on thesuhject, that\ trust I shall be pardoned for reforring to those 
authors who have trealt'd upon it in our own day. Ju some of the following works, however, such violl'nt 
prl:'judices are manifestrd, and somctirnt>s such dl'ficlcncy of knowlt>Jgr, respecting practical geology 1 thtll 
thereailer need to b.e well on his guard iu Lheirperusnl, and to be thoroughly conver11ant with the facts of 

the science. 
Cuvier's Theory of the Earth: Cnnyh('nre's Introduction to the Geology of England and WnlPs; De 

Luc's LellPrs on the Physical History of the Earth with De la Fille's illustratit)ns: l'enn·e Comp;ltn.ti\·O 
EstiornLe of the Mineral nnd Mostical Geologies: Fairholme's Scriptural Geology: The Mosaical nnd Min· 
em! GeoloL{ie11 11\ustrnted and Compared by W. M. Higgins; Bakewell's Geology, with additic.ms by Pruf. 
Si\llmnn, 3d American Edition: Dr. l\laculloch's System of Geology: Ute's Geology: Gleig's History of 
the lli'.>le: Turner's Sacrt•d History: Chalmers Evidence& of Christianity: Dr. Buckland's llridgw1ltcr 
Treatise: Wl1ewl'll ond Bell's Bridgwater Treatis<'s: Knopp's Theology, Vol L Bush's Notes on Gene
sis, with several articles in the London Christian Observer, the Philosophical Magazine, and Amt"rican 
Biblical Repository. But especially l would tt'frr to the recent 11blc work of Dr. John Pye Smith 011 
Scripture and Geology, republished in this country. 
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case I believe, with rocks above the graywacke. They are also in general highly inclined, and 
som:times distinctlj jnterstratified with clay slate. lt seems d.ifficult, therefore, to place them 
in o.ny other series than in that of the graywacke. But in doing this, I mean only that they be
long somewhere in the wide space between the carboniferous group and mica slate. This great 
class of rocks has recently been divided in Europe into a number of distinct groups j and the 
term graywacke is by many able geologists excluded from the geological series; probably to the 
advantage of the science. Gladly, were it in my power, '\vould I refer the strata in Massaclrn_. 
's'etts above described to some of these subdivisions: but I am not able to do it. I do not de
spair of the accomplishment of this object, when these strata can be examiaed for a long time by 
some one properly qualified. 

Such were the views which I had cntertaini::!d of these rocks nearly to the present moment, 
(January 1841,) when the printing of my Report had proceeded almost to the present page. 
But a re-examiaation of my notes and the specimens in the State collection, has suggested some 
new views on the subject: and I only regrnt that tbe season of the year does not allow me to 
revisit some of the localities, to test them more thoroughly than I can now do. I am now 
inclined to believe that the gr~Wacke of Massachusetts may be divided iuto three formatioas : 
1. The Coal formation: 2. Old Red Sandstone: 3. Graywacke. I feel the most confidence in 
the existence of the coal measures ; and in an economical point of Yiew this is the most impor
tant point. But as the Tabular View of our rocks has been already printed, I shall not undertake 
to describe the coal measures and the ol<l red sandstone, except as varieties of graywacke : since 
this course will produce less confusion ; and also because I feel too little confidence in my new 
views to give them a more prominent place. lt happens, however, not to be too late to introduce 
the Coal formation upon lhe Geological Map. (Plate 52.) This] have done in those places where 
I feel confident it exists. Farther examination may detect it in other pnrts of the Graywackc 
Group. 

The reasons that have lecJ me to adopt the views just suggested, are the following. l. By 
examining the Geological Map, (Plate 52,) it will be seen that the principal deposit of Anthra .. 
cite Coal in Massachusetls, viz. in Mansfield, Wrentham, and Foxborough, and also that in 
Cumberland, Rhode Island, (which is probably only a prolongation (If the deposit in 
Massachusetts,) lies near the northwestern borcJer of the graywacke basin of Bristol County. 
Now by n reference to Plate 53, and to Section C, on Plate 55, it will be seen that the strike 
of thc~c coal bearing strata is N. E. and S. \V., and the dip N. W. Hence they constitute the 
uppermost members of the formation; and if the lowesl members be real graywackc, lhe highest· 
ones are just in the plnce where we should expect to find the coal formation. 2. I have never 
met with auy Yarieties of rock connected with -any considerable quantity of anthracite, except 
&hale, and a gray micaceous sandstone; although I have some reason to suppose that a very 
coarse conglomerate is sometimes intcrstrati&cd with these. Hence the lithological charnctcrs of 
these coal bearing strata correspond with those of the genuine coal formation. 3. Although the 

of fossil plants ha.ve not been detel'minecl) yet by examining Plates 21, 22, 23, 24, 25, 
27, it will be seen that they correspond strikingly with the plants of the Coal Formalion. ] t 

is indeed tru._e, that the plants found in the graywacke correspom.l essentially to those found in 
the coal measures : and on the continent of Europe beds of anthracite more than 3 ft:et thick, 
have been found in this rock. (fle la Beclw's Gcolo9ical Report on Corm.call, Devon, 8>·c., P· 132.) 
But it seems now to be pretty well ascertained, that the vast deposits of anthracite in Pennsyl
vania belong to the true Coal Formation; and therefore, the presumption is, that similar anthra
cite with the same fossil plants in l\Iassachusetls belongs to the rnme place in the series; unless 
its situation in respect to other strata compels us to place it lower in the scale. And we have 
seen that the reverse is the fact. 4. The great regularity of the strata of rocks in this country, would 
lead us to expect that the situation of coal in Massachusetts would be the same as in other parts 
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oC the United Stales; unless its charactera, or the rodes containing it, are very much unlike 

those of the principal deposits in the country. This is the case with the Worcester coal: but 

not wilh that ot Bristol County; which differs from that of P ennsylvania chiefly in having a little 

higher specific gravity. But in Pennsylvania the coal lies above a vast deposit of arenaceous, slaty, 

and conglomerated mechanical rocks, corresponding in general to the graywacke of Europe. Jf 

the Milnsfield coal be referred to the same place, we have an entire harmony between this limited 

deposit and those vast ones occupying many of the middle and western states, and belonging o 

the older secondary . ..p. It is probable that the coal bearing strata on the island of Rhode Island 

form a sort of basin, or rathf'r a trough : for the stiata on each side of the island dip tow11rds 

each other: and hence Dr. Jackson has represented the coal on a section accompanying his Re

port on the Geology and Agriculture of Rhode Island, as extending in a basin from one side o( 

the island to the other; although no other evidence than that just mentio?Jed has been obtained 

on this point. Not improbably also, the coal beds of Mansfield and Wrentham occupy a similar 

position. Dut the near proximity of these beds to masses of granite, whereby the strata have 
been greatly disturbed, renders it very difficult to determine this point. 

The old Red Sandstone of Europt? is with great difficulty st•parated from the graywacke: and 

indeed, beds of similar red sedimentary deposits are interstratified among all the members of the 
latter rock. In England, however, the old red sandstone is usually classed in the carboniferous 
group of strata, though said to have distinct organic remains. All agree, however, that it lies 

immediately below the coal measures; or rather below the carboniferous limestone. Now in 

Attleborough we find extensive strata of a red conglomerate; hand specimens of which can 

hardly be Jistinguished from those of the old red sandstone of England and Germany in my cab· 
inet. This rock is most fully developed in the south west part of the town ; and its strike and 

dip have a general correspondence with those of the coal measures of Mansfield. And by con

sulting the maps and sections on Plates 521 531 and 55, it will be seen that this rock must be 
immediately hE'low the coal measures ; although I have never traced the actual junction. Nor 
do I know how far northea~terly this rock ex:lends. It occurs in \.Vrentham in extensive strata, 

which are usually arenaceous and not conglomeritic. They are frequently tra,·ersed by numeroll.! 
veins of quartz; and in fact, seem to be almost converted into red quartz rock. The exact po
sition of this rock in Wrentham, in respect to the coal bearing strata of that place, I have nevC'r 
been able to ascertain. 

Now if the coal bearing strat1 of Mansfield are really the coal measures of the geological 

scale, we can h::irdly doubt but that the red conglomerate of Attleborough sboul<l be referred to 

the old red sandstone. True, it seems to differ from the gray conglomerates of the graywacke 

formation but little, except in color: yet we must nol forget that the chamcter of the old red 

sandstone, according to Professor Phillips, is, thnl its" color is moslly red, or gray, liable to be-

come red." Where, therefore, lo draw the line between the old red sandstone (if it be such,) 

of Attleborough and the graywacke underlying it, I know not. Jndeed it is not impossible but 

nll lhe gray conglomerates and sandstones of the latter formation may bE>long to the old red sand

stone. Most of these conglomerates are too coarse to be referred to that part of the graywacke 

or Cambrian system which underlies the Silurian system; if it be true, as Professor Phillips 

says, thal the pebblt>s of the conglomerate graywacke are always quartz and only half an inch in 

diameter. (Phillips' 1'reutiseon Geology, l'"o/. J. p. 125.) De la Bcche, howe,·er, a!:I we have 
.seen, describes very coarse conglomerates as a part of what he denominates grayw::icke. 

There arc one or two difficulties in the way of the views that have now been presented. 
One is th:" t the coal bearing strata of this formation are probably interstratificd with the coarse 

conglom{'rates. I have not met with any certain example of such alt~rnation : but in Dr. Jack

son's Heport upon the Geology of Hhode Island, it is stated that at Warwick Neck a coarse 

pebbly conglomerate overlies the carbonaceous :.late. As but very little anthracite has been 

68 
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found there, however, although coal plants occur, it is possible that this slate may lie below lhc 
coal measures. But I think it probable that some of the conglomerates will be found interstrat

ified with the coal bearing strata. Yet it would not follow but that the rocks lying beneath 
those strata might be old red sandstone and gray\vacke. Or pms:bly it may be found that the 

whole of what I call the graywacke formation, belongs to the coal measures; and that the resem
blance of some of its members to the oldest of tl1e fragmentary rocks, in their crystaline struc
ture and numerous injected veins, might have resulted from their proximity to unstratified rocks. 
In other words, it may be a metamorphic coal formation; or one which has assumed the litho

logical characters of graywncke by the agency of heat . 
The other objection to my views as above given, results from the probability that the coai 

beds of Mansfield, Cumberland, &c., are not in regular basins, but are merely in.terstratificd with 

the slates, at a high inclination . I am by no means sure that such will be found to be the fact: 
for I do not know the relative situation of the red rock, (old red sandstone,) of Wrentham in 
respect to the coal bearing strata, except that it lies between those strata and the granite. But 

if it turns out that the coal beds are merely interstratified with the inclined strata, and not 
arranged in basins or troughs, I do not think we must admit that the strata do not belong to a 
true coal formation . For surrounded as they are by rocks of igneous origin, they may have been 
disarranged in almost every conceivable mode: nay, they may have been tossed over; so as to 
have an inverted dip; as is sometimes the case wlth the coal strata in. P-ennsyhania., according 
to Professor H. D. Rogers. 

These vjews I acknowledge are somewhat crude. :But their important practical bearing leads 
me to throw them out. And in consiste0cy with them, I shall now i.nclude among the. varieties 

of the graywacke formation under consideration, Co€tl 1'1easures and Old RBd Sandstone; al

though aware that they are misplaced if they are- indeed rightly named. 

I.Atlwlogiccd CJharacters. 

l . Coal 1'feasures_. The only varieties of rock which I can ~ertainly refer to this head, are a 
slate usually much charged with carbon, sometimes glazed so as to exhibit a highly plumbaginous 
aspect, and often containing vegetable impressions : and a coarser slaty rock, micaceous and 
arenaceous, but not conglomeritic. Its color is gray. The layers of the slate ate often much 
contorted. (Nos. 1824, 1845 to 1848.} 

2. Old Red Sandstone. There are three varieties which I hav.e referred to this head. The 
most abundan..t is a conglomerate made up of fragments of sienite-, porphyry, compact feldspar, 
quartz, &c., cemented by the same materials. The color varies from a dark to a. lively red, and 
the size of the rounded fragments is sometimes several inches. This occurs chiefly in Attlebor
ough; (Nos . 1806, 1808, 1809,) but it is found in other places; as in Walpole. (Nos. 1805, 
1811, 1812, 291.) This rock sometimes passes foto a variety of so fine a grain, as to form a 
.slate, highly charged with the peroxide of iron, and of a blood red color. (Nos. 344, 345.) Jn 
.\Vrentham, Randolph, &c., we meet with a red quartz rock, often traversed by veins of white 
quartz, and very much indurated. (Nos. 311, 313, 318, 1820.) This exceedingly resembles a 
varie ly of the old Red Sandstone in my possession from Warwic~hll:e, in England. This rock 
becomes sometimes very slaty and of a chocolate color; (Nm~. 3161 31.7,) and the planes of 
stratification do not coincide with those of lamination. 

3. Gray Conglomerates. The rounded nodules in the variety that a'tounds most throughout 
the whole extent of the formation, (Nos. 287 to 292, and 30.7,) particularly in Roxbury, Dor
chester, Dighton, Swansey, and Somerset, consist of granite, sienite, compact feldspar, and per· 

haps hornstone of various c;olors, porphyry, quartz, argillaceous and flinty slate, novaculite, 

serpentine, and nephrite. Tp~se vary in si~~ from that of a pea to two or three feet in diameter. 
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The cement appears to be chieny the same materials in a comminuled stale: exhaling, however, 
an argillaceous odor when breathed upon. Although the imbeddr<l nodules are numerous, yet 
they have the appearance, as :\Ir . .Maclure describes the older conglomerates," as if the cement 
at the time of formation had a consistence sufficient to pre\·ent the particles from touching each 
other.,, The cement has generally D. semi-crystaline aspect, and adheres very firmly to the 
nodules. Sometimes the rock is tra\'Crsed by veins of qunrtz, which are attached quite strongly 
to the rock. So thick, and often indistinct, are the strata, that the Messrs. Danas say that " no 
stratification has been observed in this Graywacke." • But if one traverses the whole forma
tion, he will find abundant examples of this structure i and in most places he will discover it by 
careful examination; the strata having in general a northerly and easterly dip. This rock is also 
intersected by numerous cross fissures, more commonly perpendicular to the layers, and remarka
ble for the exact division which they make of the imbedded nodules ; so that one part of the 
pebble appears on one side of the fissure, and the other part on the opposite side. Veins of trap, 
also, sometimes traverse this conglomerate ; as will be particularly noticed in describing green-
stone. 

Another very distinct and most remarkable conglomerate occurs at the southeastern extremity 
of Rhode lsland, in Middletown, near Sechuest Beach, three miles east of Newport. (No. 294.) 
lt is composed of elongated rounded nodules of quartz rock, and quartz rock passing into mica 
slate, with a cf:ment of talcose slate. The nodules vary from the size of a pigeon's eg~, to 
iour, and even six feet in their longest diameter, and constitute the great mass of the rock. 
They are so arranged that their longest diameters are uniformly parallel to one another : lying m 
a north and south direction: which corresponds with the layers of the scbistose cement, and 
also with the general direction of the strata in the vicinity. Both the nodules and the cement 
abound in small, distinct, octahedral crystals of magnetic iron ore. 

Fig. 108. 

The aboV'C rough sketch of the southeast point 'Of Rhode lsland, will assist in rendering httel
ligible the relative position of this conglomerate, and also of three or four other Yarielies of.this 
formation to be hereafter described. A.bout a quarter of a mile from the coast, three precipitous 
bluffs, a, b, c, several rods wide, separated by salt marshes from 15 to 20 rods 'vide, rise one or 
two hundred feet, trending northerly, and converging; so as arparently to uoite at no great dis
tance. The two most easterly ridges nre very steep, and exhibit evidence of having been pow-

* l\1inera.1ogy and Geology of Bostoa and its vicinity, 18181 p. 94. 
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erfully abraded. The outer ridges~ a, c, consist of the prculiar conglomerate above described ; 
the central one cl)nsists of a hard graywacke shue, and a very singular and puzzling rock, which 
I shall venture to describe as a metamorphic slate. (Ko. 371.) Half a mile southeast is an 

aggregate of quartz and mica to be described in the sequel. 
So much of the topography of these rocks, by way or anticipation, seemed necessary in order 

to explain the peculiar structure of the conglomerate. The layers of the graywackc slate and 
amphibolic aggregate run north and south, and dip west, from 60° to 70°. And this, as already 
mentioned, is the direction in which the nodules and schistose layers of the cerr:ent of the con
glomerate are placed. But no strata planes are to be seen corresponding tc, the dip aud direction 
of the slate. Yet the co11glomerate is divided into horizontal layers, from six to ten fet't thick; 
and also by fissures running east and west, perpendicular to the horizon, and parallel to one 
another, from 10 to 20 feet apart. These fissures divide the thick masses of conglomerate so 
perfectly, that they seem as if cut through by the sword of some Titan. The nodules through 
which the fissure passes, are divided very neatly, and th~ parts present even surfaces, so as to 
give the rock quite a peculiar aspect. At the southern extremity of the eastern rnmification of 
the range of hills above described, an immense quantity of the conglomerate has been carried 
away by former aqueous action, a00 the present bluff is terroioated by a perpendicular wall, ex
hibiting this bisection of the nodules in a most striking manner. On account of the size, num
ber, and parallel position of these nodules, this singular instance of fracture is much more 
remarkable than in the variety of conglomerate first described. 

No one can view this phenomenon without inquiring immediately into its cause. And it is 
obvious at first thought, that this division of the strata must have taken place since their perfect 
consolidation: otherwise the nodules, instead of breaking, would have been drawn out of the 
paste. Nor could mere desiccation have produced such an effect, for the same reason. Nor 
does any hypothesis afford to my mind the least satisfaction, except that which supposes these 
Cractures to have resulted from a powerful force, acting at right angles to the meridian, beneath 
the conglomerate, afler its consolidation. _.\nd when we find larg~ deposits of granite in the 
vicinity, we have ascerta~ned the existence of a power- adequate to such an effect: although we 
might resort to the hypothes is of Elie de Beaumont, which has of late excited so much interest, 
and which imputes most of the fractures and dislocations of the earth's crust to the secular re
frigeration of its internal parts, whereby its outward envelope becomes too large and plicated. 

Another important fact in respect to the conglomerate under considrration, is tl~e occurrence 
in it of numerous veins of quartz. Some of them are not less than a foot wide: as in Roxbury, 
where the Providence Rail Road is cut through a hill of conglomerate; and they are frequently 
branched. These veins separate the itnbedded nodules, and are chemically united to tbe divided 
portions. 

4. Brecci<u. These are distinguished from the conglomerates by the angular sh:>pe of the 
imbedded fragments. One variety (Nos. 296, 297,) consists of fragments of reddish and ash 
colored argillaceous slate, united by an argillaceous or an. areiiaceous ceD'leot. Tbis aggrl'gate is 
1laty, and the cement bas a porphyritic appearance. I have observed it only in a few places; as 
at Natick and Randolph. _another variety, approaching lo slaty porFhyry, appears to be com
posed chirfly of compact feldspar, unite<l by a cement of comminuted porphyry. Tbis was 
fouod also in Natick. (No. ll98.) 

As we pass from the range of porphyry and compact feldspar on the south of Boston towards 
the graywacke, and if I mistake not at the junction of the two rocks, (e.g. in Dorcliester and 
Canton,) we meet with a rock. of a peculiar character, whose origin appears to be in l art me
chanical. The compact feldspar seems to baye suffered some degree of abrasion after its consol
idation, and the fragments to have been reconsolidated into a rock more or less slaty, with the 
admixture of but few foreign ingredients. (Nos. 301, 302.) It would seem to have been par-
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tially fused the second time; or perhaps it mi~ht have been produced by the partial cooling of 
the compact fold::;par at its junction with the graywacke, as it was forced through that rock while 
in a melted state. This would account for its semi-brecciated aspect and slaty structure, and the 
occasional presence of foreign ingredients. But this rock deserves a more careful examination 
than I have been able to give it. 

5. Classical Graywacke. I mean by this term to designate the rock described by \Verncr's 
ablest commentator, Professor Jameson. Ile says that Graywackc 'is composed of angular or 
other shaped portions of quartz, feldspar, Lydian stone, and clay slate, connected together by 
means of a basis or ground of the nature of clay slate, which is often highly impregnated with 
silica, thus giving to the mass a considerable degree of hardness. The imbedded portions vary 
in size, but seldom exceed a few inches in breadth a.nd thickness.' Brochant does not include in 
the term graywacke, any variety of rock' whose grains exceed the size ofa hazle nut.' Hence the 
conglomerates that have been described above, cannot be regarded as classical graywacke. But 
associated with these conglomerates, we ha,·e rocks of a much finer grain, whose composition 
corresponds essentially with the above definition; (Nos. 324 to 334,) although every ingredient 
may not in all cases be present. lt often becomes fine grained and passes into graywacke slate, 
as at the quarries in Pawtucket; where it is traversed by numerous veins of quartz mixed with 
calcareous spar. 

6. Graywad-e Slate. This variety of rock is quite common in this formation. Its colors are 
either gr:iy or red; and it appears to be composed in a great measure of indurated clay. Mica, 
however, sometimes enters into its composition. lts structure is always sl:ity: but the l:lyers arc 
less fissile than those of argillaceous slate, and its aspect more earthy; though it is no easy 
matter to draw a line between them. It is traversed frequently by veins of quartz, (Nos. 335 
to 346.) 

7. Argillaaous Slate. The argillaceous slate in the eastern part of the State is so intimately 
connected with the varieties of rock above noticed, that it ought in justice to be described as ono 
of the members of the graywacke group; although marked as a distinct deposit on the Map. 
And l doubt not but it is older : for fragments of this slate occur in one of the varieties of con
glomerate that have been described ; and this not only shows the posterior production of the latter, 
but renders it doubtful whether both rocks wer~ produced during the same geological epoch. 

Jo general its color is dark gray, passing to blue: lt is rarely fissile enough to be employed for 
roofing. The laminre, as on Rainsford island, in Boston harbor are sometimes very tortuous. 
Not unfrcquently it passes into an imperfect novaculito; as in Charlestown, Roxbury, \Vey
mouth, Newbury, and some of the outer islands in Boston harbor. (Nos. 357 to 370.) 

8. Limestone. The greatest quantity of limestone assochted with the graywacke is in New
port, near Fort Adams. Several beds occur there of considerable size. lt forms one of two 
small islands in the harbor. This rock is compact, almost as hard as quartz, and appears in 
many places to be almost converted into chert. According to Dr. Jackson's analysiss, it is dol
omite; as we might expect from its proximity to graoite, and the striking evidence all around 
of the powerful metamorphic agency of heat. The limestone appears to form beds in the slate. 

Small beds of a compact light grey limestone occasion the red sandstone rock in the south wed 
part of Attleborough. l did not see much of it in place : but from the numerous blocks in the 
stone walls, I suspect it may exist there in considerable quautity. From it.s analysis, ginn on 
page 80, it appears to be a quite pure carbonate of lime, destitute of magnesia. 

Jn the southwest part of Walpole a much larger bed of gray crystaline limestone occurs, 
which, from its strike and dip, (S. W. and N. E. dipping N. IV. 45,0

) I strongly suspect lo be 
connected with the graywacke; although sienite occurs very near it, and no grnywacke is visi
ble in lhc immediate vicinity. The analy~is given on page SO of this limestone, shows it to b(J 
destitute of magne:iia, ahhough containing a good deal of earthy impurity. 
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Several other varieties of rock occur in connection with the graywacke: but having cvi· 
dently undergone great clrnnges by igneous agency, they will be described more appropriately 
under ~Ieta:norphic Slates. 

Topography of tlie Graywacke. 

I han anticipated so much of this head, that brevity may now be consulted. It will be seen 
by the Map that this formation is confined exclusi,•ely to the eastern part of Massachusetts and 
Rhode Island ; and that it exists in several detached patches. On the present, whieh is the 
fourth edition of the geological Map, I have connected the strip of graywncke passing through 
Dedham, Walpole and Wrentham, with the broad dE>posit south of the last named place. Nor 

should I be surprised, if future observers should discover a connection between the graywacke 
range in Dedham, Canton, and Randolph, and that ih Quincy, Dorchester, &c.: although I 
failed in finding it. The fact is, this rock in no place rises into anything like mountain ridges; 
and for lhe most rart, it cccupies extensive plains, or gently undulating ground. Diluvium, also 
is extremely abundant over almoEt every part of it; so that it is only occasionally, and often at 
distant intervals, that graywacke is seen in place. This is patticularly the case in the most 
rxl('nsive tract of the graywacke, which etnbraces the great~r part of Rhode Island, with near
ly every other island in Narraganset Bay, and a strip on the west shore of that bay, as well as 
a narrow tract on the east shore in Litlle Compton : and as It extends northerly into Massachu
setts, occupies the surface of uearly twenty towns in Bristol and Plymouth counties. Jn Swan
sey and Somerset, the most abundant conglomerate of this formation, (which for the sake of dis
tinction J &ball call the Roxbury conglomemte, because in that place its characters are strongly 
developed,) forms several hills of one or two hundred feet in height, producing striking out
liers in the landscape. Jn Dorchester, Roxbury, Newton, Brookline, and Brighton, the hills of 
the same rock arc of moderate elevation ; rarely exceeding 200 feet: yet this is the most hilly 
part of the graywackc formation in Massachusetts. And its low level and the abundance of 
transported fragments that overspread it, render it extremely difficult to ascertain its limits. 

Around Bo!!.lon the graywacke occupies a basin, of which the Blue Hills form a southern 
boundary; the porphyry hills of Lynn and l\Ialden a northern, and the greenstone ranges of 
Weston and \Valtham, a western boundary. The argillaceous slate connected with the gray
wncke, is all found along the northern and southern sides of this basin, as may be seen by the 
)fap. The central parts are occupied by conglomerates and graywacke slate. 

J have already suggested the probability that Boston harbor was produced by the wearing 
away of the graywacke formation. That this series of rocks once occupied the harbor, is obvi
ous from the character of the islands, which are evidently the remnants of a once continuous 
formation. Jt is true that these islands are for the most part covered with diluvium: but some
times on their shores, we find rocks in situ; and in such case I have regarded the whole island as 
composed of the rock which is thus developed. On this principle, the geological character of 
the principal islands in this harbor may be set down as follows: 

Noddle's Moon Island-Conglomerate 
Castle 
Thompson's 
Spectacle Islands 
Long Island 
Pedock's 
Gallop's 
George's 
Lovel's 
Deer Island 
Apple 
Great Brewster 

Hangman's Jsland-Sienite 

Rainsfordlslands 
Middle & Outward Brewster 
Boston Light 
Egg Rocks 
Calf Island 
Green's Island 
Governor's Island l

.s 

l 
< 
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It will be seen that argillaceous slate is the predominant rock on the outermost of these islands. 

Jn general it is quite hard, and has so little of a slaty structure, that one might well hesitate to 

call it argillaceous slate. Frequently it appears to be a coarse variety of novaculite. Argilla

ceous slate likewise appears on the southern side of the promontory of Hull; although the sur

face is for the most part diluvial. 

There can be little doubt that the peninsula of Boston has a foundation of argillaceous slate. 

This is, indeed, the only rock that has ever been found there in place. And from the occurrence 

of argillaceous slate in South Boston, and in Charlestown, with a northerly dip in both places, it 

would be very surprising if any other rock should be found in Boston j unless it were au intrud

ing mass of trap rock. But th.is slate on the peninsula is buried deep by clay, gravel, and sand. 

I have colored the peninsula as a diluvial deposit. Artesian wells bored there a few years ago, 
260 feet deep, did not reach its bottom. 

The only remajning tract of graywacke to be noticed, is one of limited extent, along Parker 

river in the south part of Newbury, and extending, I believe into Rowley. It consists of gray 
red and variegated slates, slaty compact feldspar, with talc, and a conglomerate resembling that 

in Roxbury. Red compact feldspar lies between this rock and the sienite; and some of the nod

ules of the conglomerate consist of red compact feldspar. A part of this tract I have coloured 
on the Map, Plate 52, as Metamorphic Slates. 

Strike and Dip of the Strata. 

Swansey, (Conglomerate.) 
do. do. 

Strike. 
East and West. 
N. W. and S. E. 

West Bridgewater, (Slate,) do. 
North Bridgwater, do. 
Canton, do. 
Milton, do. (nearly,) 
Newton-north part, do. 
Cambridge, do. 

Newbury, (Slate and Conglom.) East and West, 

Head of Nantasket Beach, (Conglom. )E. and W. 
Berkley, N. E. and S. W. 
Asonet Neck, Berkley, (Conglom.) do. 
Newton Upper Falls, (Conglom.) E. a few degrees r;. 

do. West part, E. and W. 
Attleborough (west part,) North and South. 

do. (center,) do. 

~f~merate, (~lJile~a~,;;;-~~!:)n-i N. E. and S. W. nearly. 

Wrentham, (Red Slate,) S. W. part, do. 
do. (do.) N. W.part, do. 

Natick, S. Village, (Slate,) do. 
Pawtucket, (Red Slate,) do. Nearly. 

do. (Graywacke Slate.) S. 20° West. 
Walpole, N. E. and S. W. 

c~~~::,1)•nd, R. r. Slate (Coal Mea-1 do. 

Pr~=~~-ence; R. I. and for several miles } do, 

Di.p. 
35 to 40~ N. 
N. E. various. 
30° North. 
Northel'ly. 
25 to 50° N. 
60 to 70° N 
3oc: North. 

60 to 70° North. 
45° North. 
North. 
N. W.Small, 
30 to 40° N. W 

North, moderate, 
~o. 

East,smaIJ .. 
50°West. 

lN.W. 
do. large. 
do. 

do. large.. 
90q nearly E. 

70q Easter! y. 
50° to 60° N. W 

do. 
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Strike. 
Mansfield, N. W. and S. E. 

do. (Harris' Mine,) do. 
do. (Hardon Mine) do. 

Portsmouth, R. I. (Slate,) N. E. and S. W. 

FrR~o~~o;~!~'d~e to Warren, J N. and South . 

Set:konk, do. 

Newport, R. I. n(;~at~,)rt Adams,~ N. and s. 
do. South part, (do.) E. and West. 
do. Southeast part, (do.) N. and South. 

Between Warren and Bristol, R. I. E. and West 
Tiverton Bridge, R. I. (Slate.) N. and South. 
Little Compton, (Slate.) N. E. and S. W. 
Watertown, N. E. and S. W. 
Dorchester, (Conglomerate,) S. E. and N. VV. 
Roxbury, (do.) do. 
Natick, (Slate,) N. E. and S. W. 
Milton, (ArgiBaccous Slate,) do. 
South Boston, do. do. 
Nahant, do. do. 
Hull, do. do. 
Rainsford Islands, do. N. E. afid S. W. 

ChH~:;~~~rJ' do. (near the Insane! w. a little N. 

do. do. (in a quarry1) North and South, 
do.• do. (Winter Hill,) East and West, 
do.• (Near the Powder House,) E. and W. Nearly. 

Dip. 
45Q N. E. 
30° to 35° N. W, 
53~ N. W. 
N. E. and S. W. 

l 45~ East. 

10° East. 

~ 5 to 10° easterly. 

Various. 
60 to 70° '\\'est. 
IO to 20Q North. 
45° West. 

90Q 

15 to 30° N. E. 
do. 

45° N. W. 
North, large. 
50 to 60° N. 
30 to 40° N. 
60 to 70° N. 
Nearly 90° S. E. 

l 50° s. E. 

10°w. 
15 to 20° N. 
15° N. N. E. 

The predomimmt direction of the strata in this formation may be seen on the Map, (Plate 53,) 
which shows the general direction of all the str:.ita in the State. Local exceptions, unles3 of 
great extent, cannot of course be shown on a Map of such limited size. These exceptions are 
so numerous in the preceding table, that one might be disposed to question whether anyparal· 
lelism in the strike, or uniformity of dip, can be made out. But extensive examination wiU 
satisfy any one of the correctness of the Mnp. I am disposed to believe that this graywacke 
belongs to two systems of elevation ; the one running nearly east and west, and the other nearly 
northeast and southwest. In the conclusion of my Report, I shall examine this subject 
more particularly. 

It will be seen from the preceding statement of the direction and dip of the strata, that there 
is much irregularity in the posilion of the nrgillaceous slate connected with tbe graywacke: par
ticularly in Charlestown. But this in general is easy to be explained by the intrusion of masses 
of greenstone, or the proximity of sie.nite. 

The slaty structure of the slates included under graywacke, does not always coincide with 
the stratified structure. 

lo South Boston, and on Rainsford Islands, the argillareous slate contains divisional planes 
whereby it is divideJ, oflen with great regularity, into tables with rhombic or trapezoidal faces. 

41 Professor Webster: See Boston Journal of Philosophy, &e. Vol. I. p. 280
1 

et sC'q. 
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(Nos. 3GO, 361) On Rainsford islands the argillaceous slate, although unusually fissile, is bent 
so as to form a semicircle within the space of a very few inches (No. 362.) But in the south
C'rn part of Newport, Rhode Island, in the vicinity of granite, we find the most remarkable cur
vatures in the graywacke slate. 

.1Y.lineral Contents. 

Dy far the most important mineral in this formation is anthracite coal. But in the first part of 
my report I have given so full an account of its characters and situation, that I need only refer 
to that place. 

Connected wi th the limestone of Attleborough, I found good specimens of what appears from 
its external characters to be petalite; although 1 have not found time to subject it to analysis. 
(No. 1837.) This, it is well known, is a rare mineral. ]D the graywacke of Cumberland I 
found specimens of a variety of prase: and at the excavations for coal in \Vrentham, the sul
phuret of iron occurs in numerous cubic crystals, (No. 393.) disseminated through the anthrac
itous slate. 

It is hardly necessary to mention such common and widely disseminated minerals, as crystal
ize<l quartz, and calcareous spar. Magnetic iron ore and the micaceous oxide, have also been 
found in this group in small quantities. In other parts of the globe, graywacke is a repository of 
gold; and the clay slate connected with it, (transition clay slate,) contains the richest veins of 
silver in New Spain, according to Baron Humboldt.• But neither of these metals have been 
found in these rocks in Massachusetts. 

Sulphate of baryta is said to occur in Milton: and also fibrous limestone in thin veins in 
wacke. Adularia and sulphuret of copper have been found also at Brighton. Efilorescent and 
massive sulphate of iron has been found, according to the Messflil. Danas, on the argillaceous 
slate in Charlestown. 

Dr. Robinson says that the graywacke, near Providence, is traversed by veins of quartz, con
taining fluor spar. 

In Brighton, in the vario1oid wacke, I noticed fibres of green asbestus traversing quartz, which 
by the coloring matter of the asbestus, was converted into prase. (No. 391.) 

Organic Remains. 

The organic remains of this formalion are confined, so far as I know, to the slate connected 
with what I call the coal formation : and they belong almost exclusively to such plants as 
are common in coal fields. True, tbey have been found in Taunton and Raynham, where I have 
not l~arnl of any coal having been discovered. But the finer slates of this formation exist there, 
and the occurrence of the vegetable remains should lead to careful examination for coal, since 
they usually occur together. l have found no other variety of organic relic in this formation, 
than those referred to above, except a cylindrical stem in hard dark slate in Attleborough east 
parish, a mile south of the meeting house, which may be a fucoid. (No. 400.) 

De la Beche, in bis Geological Manual, mentions the Pecopteus arguta,and tbeAsterophyllite1 
~q1ti1elifonnis, as occurring at the coal mines in Portsmouth, Rhode Island: and Dr. Jackson, in 
his recent report upon the geology of that State, has figured several other species from that and 
other localities. 

The most prolific localities of these relics in l\Iassachusetts, are Mansfield and Wrentham. 
They are abundant also in Norton, in the stone walls. As it is very desirable to obtain an ac-

'Superposition of Rockl, p.105. 
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curate acquaintance with lhese, in order to judge of the character of the fcrmalion in which they 
nre contained, I have devoted 6 plates, viz. I'late 21, 22, 23, 24-, 25, and 27 to their elucida~ 
tion. I have a few other species not figured: but they are all ferns. Most .._,f those from Mans
field were obtained at the Hardon coal mine ; and for many of them I am much indebted lo the 
liberality of General Chandler. 

I have examined the large works of Adolph Brongniart, Lindley and Hutton, and Prof. Bronn, 
on fos;;il vegetables, but find few of their drawings ancl descriptions to agree so accurately with 
those which I have figured, that I can decide as to the species, and sometimes not even as to 
the genus. Iadeed, I have very little confidence in the opinion of any one as to species of fossil 
vegetables, who has not devoted a long series of years to the subject. Having failed hitherto in 
obtaining the opinion of such a man upon those in my possession, I shall merely menlion the 
generic name, where it is quite obviOus, and omit the species, even whei-e I think I see a strong 
resemblance. It \vou1d indeed throw an aspect of learning ovn the subject to give specific names: 
but I prefer to confess my ignorance and not make pretensions which the scientific public know 
I cannot sustain. 

Explanation of the Plates. 

Plate 21, Fig. I. Neuropteris on the upper part and a Sphenopteris below. Mansfield. On 
the specimen from which this drawing was taken thefructificationon the frond of the Neuropteris 
is quite distinct. This is a good example of the very perfect manner in which organic relics are 
sometimes preserved. Fig. 2. Equisetum. or Asterophyllites : Mansfield. 

Plate 22, Fig. I. Eqnisetum or Asterophyllites: Mansfield. Fig. 2, Sphae11ophyllum, Mans
field. This appears almost exactly like th~ S cmarg'inatum, figured in Bron n's Letlwa Geognostica, 
Plate VII, Fig. IO 

Plate 22, Fig. 3. Annularia of Sternberg, Mansfield. (Plate Vil, Fig. S of Brenn's Lethea 
Oeognostica.) Fig. 4, Neuropteris: Mansfield. Fig. 5,Pachyptcris? do. 

Plate 23. The principal plant upon this plate is perhaps a species of Pachypteris, or Odontop
teris; but I am in great doubt as to its characters. It scarcely shows any veins. lt is a large 
fern, and one of the most common at the Hardon Coal Mine in Mansfield. The same specimen 
exhibits one or two whorls of the Annularia. 

Plate 24, Fig. I. Stigmrtria: Wrentham, south part, at an excavation for coal on land of 
1\Tr. Guild. The drawing is about half the natural size; and sbows the depression on one side, 
which, according to LincUey and Hutton, is common in the branches of the Stigmaria. Although 
I traced the stems obliquely across the strata several feet at the excavation, yet the dome shaped 
center was not uncovered. The cicatrices upon the outside of this specimen, have given rise to 
the opinion in the vicinity of the locality, that this relic was a huge snake. l have very litlle 
doubt that il is a Stigmaria; although I have not found either the central part or the leaves. 
Fig. 2, shows a specimen of larger size, from the Hardon Coal Miae at Mansfield. This ex
hibits very distinctly the loose internal eccentric axis, ·which, according to Lintlley and Hutton, 
is found within lhe stem. 

This singular plant, so common in coal fields, appears to have had a <lome shaped center, 3 or 
4 feet in diameter, from which proceeded from 9 to 15 horizontal branches, to the distance of 20 
or 30 feet; and from these proceeded leaves on all sides, several feet long. The whole plant is 
8Upposed lo have floated upon water, or trailed in swamps. 

Plate 24, Fig. 3. Calamiles: J\.'Iansfield. The drawing is only half the size of the specimen, 
"hich is a flattened stem, entirely composed of shale and sulphuret of iron, except that the out
side has a highly plumbaginous appearance. The flattening of the stem was occasioned by the 
position of the p1ant in tbe deposit. For where we find them standing at right angles to the 
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lo.rers they arc cylindrical. I foun<l one specimen at l\fansfield of this description, whose di~ 
umeter is 6 1.2 inches. 

The Calamites were large, fluted, jointed reeds, with verticillate branches, sometimes al 
least, arnund their joints. They are allied to the genus Equisctum, but quite different. And 
they furnish a good ex.ample of the great comparative size of ancient vegetJtion: for while 
110 living svecies of Equisetum in New Englund, or indeed any where else, exceeds half un 
inch in diameter, those dug from the coal bearing strata of Mansfield, are sometimes more than 
1mlf a foot thick; which would make the lattl."!r more than 200 times larger than the former! 

Plate 25, shows by far the most common plant at Mansfield. Fig. 2, exhibits its lower, and 
Fig. 3, its upper extremity. In appearance it exceedingly resembles a Calamites1 with very fine 
markings nnd ridges. But it is entirely del'titute of articulations; ao<l from the very perfect 
tn:rnner in which it is preserved, I must think that if they existed, I should have discovered 
them in some of the numerous specimens which I have examined. Adolph Brongni
art, in his description of the genus Calatnites, says, indeed, articulatfones et sulci externe aliquan
tlo vix ac 11e vix quidem distlncti, in cau/e decorlicato semper ma11ifesti. Now in the specimens 
from Mansfield, the furrows, (sulci,) although very small, are al ways exceedingly distinct: while 
the joints are never seen. And as to a cortical l11yer, I doubt whether I have ever found one 
distinct from the body of the plant. Ordinarily a layer of anthracite, so thin as to be little more 
than a glazing, is all that remains of the plant. I have iodeet.l been led from such specimens a1:1 
}'ig. 1, lo suspect that near its base this plant was fleshy and perhaps hollow, so as to make an 
impression upon the mud when first buried in it, and thus, in the manner already described in 
respect to the vesicles of a fucoid, to leave that semi-cylindrical appearance exhibited in the 
fl.gure ! fur I cannot satisfy myself that there exists a corresponding semi-cylinder so as to form a 
flattened stem. Upon the whole, had the leaf of some monycotyledonous plant, such as are 
found upon the grasses, or the pine apple tribe, been enclosed io this rock, it must have pro
duced an impression almost exactly like those shown on Plate 25. They taper towards the bot
tom in the same manner; although their apex (Fig. 3,) is perhaps a little more rounded. I 
doubt whether the specimens are ever more than two feet long, and commonly not so much. It 
is possible that it may be some genus of ferns: but I have met with none in which the veins 
are longitudinal and parallel like these: although in the Cycloptel'is there is an approach to such 
an arrangement. In short, until some one more familiar with fossil plants shall decide otherwise, 
I must regar<l these relics as the remains of monocotyledunous plants. These, it is well known, 
began to appear upon the gtohe very early; and if, as is probable, the Stigmaria was dicotyle
donous, all presumption against the occurrence of monocotyledons, in the same rock is taken 
;iway, even though that at Mansfield should prove to be graywacke instead of a coal formation. 

The plants figured on Plate 27, were all obtained at an excavation for coal in the south part of 
Wrentham on the farm of Mr. Fuller, e~cept Fig. 1, which appears to be a Sphenopteris from 
the Hardon mine in Mansfield, and Fig 5, which is a Pecopteris from the same place. Figs. 2 and 
a, are quite perfec.f. specimens of Calamites. There is one character more strongly marked upon 
these and upon all t.he specimens from that spot, than l have seen elsewhere. I refer to the 
oblique manner in which the articulations cross the stem. I do not know how to explain it, un
less it proceeded from the oblique position of the plants as they grew. The shortening of the 
joints on the lower part of Fig. 2, indicates perhaps that that specimen was the lower part of 
the stem: but it cannot be so in all the specimens which I have seen, and yet they all show more 
'(lr less of the peculiarity above named. 

Fig. 4, is a single branch of a bi pinnate Neuropleris: from Wrentham. 
Although it would be quite desirable to have the specific characters of the preceding fossil 

plants determined, yet the statements that have been made of their more general characters, are 
sufficient to identify them with the plants found in the coal formation in Europe and this coun· 
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try. The only remaining question to be setlled is whether they do not also occur as low dowp 
as the graywacke j and I doubt whether a determination of the species would decide, although it 
might aid in deciding it. I regret that the explorations at Mansfield are suspended; as farther 
researches would doubtless bring to light many more species. Some others, in<lec<l, are in my 
possession which I have not figured. 

Theoretical Considerations. 

That peat, lignite, bituminous coal, anthracite, and plumbago, had a veg
etable origin, is now generally admitted. Vegetable matter has only to re
main a long time in the earth, under certain circumstances as to temperature 
and moisture, in order to be converted into bituminous coal: and this, by the 
agency of heat, certainly may be changed into anthracite. The same agency 
continued will probably change anthracite into plumbago. Elie de Beau
mont has given an example in the Alps, which he thinks proves that "gra
phite is only a modification of the anthracite," ( ./_fnnals des Sciences 
.N'aturelles, Tome XV. (1828,) p. 377.) The history of the anthracite cf this 
country confirms this view. That this coal in Pennsylvania, Rhode Island, 
and at Mansfield in Massachusetts, originated in vegetable matter, seems mo~t 
certain from the great abundance of fossil plants connected with it, anil even 
penetrating through it. But at the two last named localities, this coal ap
pears to have been subjected to a stronger degree of heat from the proxim
ity of igneous rocks, than in Pennsylvania: and accordingly we find but 
slight traces of plumbago in the anthracite of Pennsylvania. But in that of 
Portsmouth and Mansfield, it is abundant. Still more striking is this change 
in the coal bed at Worcester; which occurs in a rock passing into mica slate, 
and entirely destitute of organic remains. Here, nearly one half of the 
carbonaceous matter appears to be plumbago; and has been used for it as I 
have stated elswhere. Some ha1•e even supposed that the diamond may have 
a vegetable origin. 

As to the manner in which such vast accumulations of vegetable matter 
as are necessary to produce coal beds have been made, there is some diversity 
of opinion among geologists. That the plants grew mostly on dry land all 
will admit. But some suppose that these have been drifted from their place 
of growth into estuaries, by inundations, and then covered by deposits of 
mud : though no geologist supposes they would have been carried far from 
their place of growth. But others, as Lindley and Hulton, in their Fossil Flora, 
conceive it to be "highly improbable that any considerable part of plants 
which formed the beds of coal were drifted at all;" because their most deli
cate parts are preserved. They and others suppose that the plants were 
imbedded on the spot where they grew: or rather, that the land was submerg-
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c<l and the plants buric<l by a deposit of mud. It seems to me an almost 

insuperable objection to this view Dfthe subject, that coal fields often contaiu 

50 or 60 beds of coal, separated by strata of shale and sandstone : and hence, 

for every bed of coal, the spot must have been raised above the waters long 

enough for the plants to grow, which might produce the coal, and then have 

been sank again to receive a deposit of mud and sand. Of these numer

ous elevations and submersions we find no trace; and it seems to me we are, 

therefore, driven to adopt the other hypothe..is. Probably in the case under 

consideration, the plants that produced the coal of Massachusetts and Rhode 

Island, grew upon the primary regions around its present place of deposit. 

It is an interesting thought, that the eastern part of Massachusetts was 

once covered with a dense tropical vegetation. For the plants disinterred 

with the coal of Mansfield, are of a tropical character; as they are in every 

other coal field in northen regions, even as far north as Melville island. And 

they were also of gigantic size compared with the present races. Yet it 

seems probable that no land animals then existed. Indeed, it is by some sup

posed that the atmosphere in those early times was so charged with carbonic 

acid that animals could not live in it: although it would be favorable to the 

development of vegetable nature. What astonishing changes has the surface, 

and the climate, and the vegetable covering of New England undergone! 

and how well adapted were they all to fit it for the residence of God's last and 

noblest work ! 
In general the theoretical views that have been presented in relation to 

the origin of the new red sandstone, will apply to the graywacke. One cir

cumstance only, in relation to this latter rock, needs any additional remarks: 

and that is, the more decided evidence, which the graywacke presents, of the 

operation of chemical agencies in its production. This is obvious in the more 

crystaline aspect of the rock in general, and especially of certain varieties; 

and in the numerous veins traversing it, which must have resulted from a 

play of chemical affinities. And if it be admitted that internal heat in the 

earth, which every thing proves must once have been very powerful, has 

been gradually operating less and less upon the crust of the globe, why is it 

not a natural inference, that the older the rock the more crystaline would 

be its structure: that is, if we admit that the heat has been great enough to 

change the arrangement of the particles of rocks, whose origin was mechan

ical : and it appears that such a change may take place, to some extent at 

least, far below a melting heat. Only admit then, that the graywacke is an 

older rock than the new red sandstone, and we should expect in it a more 

chemical structure, 
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6. METAMORPHIC SLATES.-

l include under this term only those rocks whose structure has been decid
edly changed by the action chiefly of heat, but which still retain traces of 
an original lamination or stratified structure. Where the parallel divisional 
planes have been obliterated, I shall treat of the rocks under the unstratified 
class. And where a change in the chemical constitution of the rock has 
resulted, I shall consider such metamorphosis under the particular rock which 
has experienced it. 

So sure are geologists at the present day that most of the unstratified rocks 
have been in a molten state, that wherever they find stratified rocks in con
nection with them, they expect to find evidence, either of chemical action or 
mechanical disturbance. Indeed, some distinguished geologists carry their 
views so far on the subject, that they believe all the older stratified rocks are 
metamorphic: that they were originally sedimentary deposits, which have 
become crystaline by such an action of heat as would change their structure 
without obliterating the planes of deposition. Whether such a theory is ten
able, is a matter of discussion : but that we have numerous examples of met
amorphic agency, no geologist doubts. I shall now describe the most re
markable examples among the stratified rocks of Massachusetts. 

Lithological Characters, Sll-ike, Dip, and Localities. 

1. Quart::ose Aggregates. I thus denominate a few varieties of metamorphic slate, because 
quartz is the predominant ingredient. The first one is a beautiful chocolate coloured slate occur· 

ring in small qunntities in the midst of the metamorphic brcccia at the head of Nanlasket beach. 

It probably contains little else except quartz in a fine state, coloured by oxide of iron, or manga

nese, or both. (No. 1827.) 
The most remarkable of these varieties is <lcvel_oped very distinctly at the sot.Ithcrn extremity 

of Rho<le Island ; as may be seen by the sketch already given of that portion of the Island. Jt 
eonsists of coarse grains of hyalinc quartz, of a purple color, passing to deep blue and black, with 

talc or mica; (it is difficult to say which;) the materials having a schistose arrangement. (Nos. 

303 to 306.) The quartz bears a strong reseml1lance to peliom, and constitutes a large pnrt of 

the rock. The aggregate exhales an argillnLeous o<lor when breathed upM. 

This same rock may be seen at the mouth of Fall River, in Troy, where it is associated with 

an argillaceous slate, passing into mica slate, and of a quite dark color from the carbohaceoM 

malter it contains. At this place, this slate and quartz rock are contiguous to granite; and they 

may be seen in Tiverton, lying directly upon the granite. In Newport, a1so, granhe cannot be 

far distant from .the same rock. Do not these facts furnish a clue to the origin of the dark color 

of the quartz 1 Was it not penetrated by the carbonaceous matter of the black slate, while in a 
&tale of partial fusion by the action of the melted granite ? 

2. Jlica Slate. Jn the south part of Bellingham, there occurs a remarkable rnetamorphie 
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r.,ck. It is a di~tiTict mica slate, and a no ltss distinct conglomerate. (Nos. 1853, 185·1, 1855.) 

The mica has that glistening upecl which we witn~ss in the oldest varieties of mica slate ; and 

yet the rounded ncidules of granite and quartz rock, sometimes several inches thick, are as dis

tinct as in the newest col'lglomerale. A similar rock ] found in bowlders at Wickford in Rhode 

bland, (No. 1861,) and it probably occurs there in place, as it does in Bellingham. At the lat

ter place it passes into a fi11e grained variety of mica slate, such as is used for making whetstones, 

both there and in Smithfield, Rhode Jsland. The two rocks pass into each other, not perpendic

ularly but laterall.v ; so that the same layer is partly made up of one kind and partly of the oth

er; as may be seen in No. 1857. Henoo l infer that all the whetstone slate of Bellingham and 

Smithfield is a metamorphic slate; (Nos. 2106, 2107, 2108,) and not improbably all the mica 

ancl talcose slates of Cumberland and Smithfield were produced in the same manner. Jn Bel

lingham this whetstone slate has a strike at the quarry, N. E. and S. W. and an easterly dip 

In the N. E. part of the town, it runs N. a few degrees E. and dips E. 45°. In the south part 

of Bellingham, the mica slate runs N. W. and S. E. and dips at a moderate angle to the N. E. 

Connected with the same mica slate conglomerate in Bellingham, there is a variety which I 

~h.ilt cal.I !pangled mica slate. A mineral, whose nature I do not feel satisfied about, 
is disseminated through a base of mica and quartz, so as to exhibit numerous shining 

points, when the specimen is turned over in the light. (No 1858.) Jn the extreme 

south part of Wrentham and Bellingham, and north part of Cumberland, is another variety of 
1uica slate, which sometimes passes into chlorite slate, and sometimes into quartz rock. Often 

it contains-somewhat rounded nodules of an epidotic substance, which] have often met in horn.

blende slate. (Nos. 1862, 1863 ) The strata here run N. \V. and S. E. and dip at a moderate 

angle to the N. E Jn the north part of Cumberland they are more nearly E. and W . 
3. Talcose Slate. Jn the towns of Wrenth;:i.m, Walpole, Canton, Randolph, &c., I have met 

with a chocolate colored slate, (sometimes light groy,) composed of quartz in fine grains, and 
slaty talc. (Nos. 320, 321, 322, 323, 1830.) I am not sure tha.t in all these localities there is 
evidence of any very decid<!d metamorphic action ; and perhaps the specimens might with more 

propriety be placed under grn.ywacke. In gener;i.l, however, they lie very near to primary rocks. 

Connected with the metamorphic mica slate of Bellingham, we find a talcose slate which must 
be metamorphic. (Nos. IS59, 1660.) 

J ought to remark that much of the mica slate of the narrow range extending from Monson to 

\'\'arwiclc, resemble~ exceeJingly the metamorphic mica and talcose slates which I havede~cribed. 

But I do not i11clude them in this description, because I have not that decisive evidence that 

they are metamorphic from the agency of the adjoining primary rocki., which I possess in regard 
to the rocks in Bellingham and Smith6eld. 

4. Argillaceous Slale. The quarry of clay elate in Harvard, lies contiguous to a large pro

truding mass of granite, and the slate in general appears to be brought almost into the condition 

of mica slate But al the quarry l was surprised to find a part of it distinctly conglomcrit=c. 

(Nos. 1849, 1850, 1851, 1852-) This makes it almost certain that the whole clay slate depo~lt, 

-e-xtending from \\rorcesler to the north line of the State, must have been originally a sedimentary 

depo~it, and that it has bet!n Gubsequentl_v so altered by heat as to become highly glazed, and to 

lose its organic remains. But I have placed among the metamorphic slat~s only the altered eon ... 
glomcratcs of that formation. 

5. Ag9re9ate1 of Porph!f'Y· I have met with these ii'\,. several places: and they are both con

glomeritic and ilaty. The best example of the former, perhaps, is in Hingham, a little west of 

the village; and in Cohasset, at the head of Nnntnsket 13each. At the latter place, is a coarse 

brcccia, or conglomerate, which is chiefly made up of fragments of porphyr_v reunited by a ec ... 

mcnt of the same materials, and is sometimes almost reconverted into compact porphyry. The 

planes of stratification, although nearly obliterated, run E. and W.
1 

and the dip i~ N 'rhis 
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rock might indeed be piaced under graywacke; but the evidence of a powerful metamorphic 

action is so striking, that I thought the metamorphic slates a more approrria.te place. A little 
west of the village of Hingham, is a conglomerate of analogous character, though usually of 

Jifferent ingredients and very obscure in its characters; being brought by metamorphic action 

into an intermediate state between several varieties of rock. 
At the head of Nantasket Beach, is another metamc..rphic rock, lying contiguous to the breccia 

just mentioned, but which I find it difficult to describe. I incline to the opinion that it was 

originally a hard slate, like that on Nahant, and the Brewster Islands, which bas been very much 
changed and filled up with veins of epidote, by the action of heat. Some of it appears as if 
converted into a sort of compact feldspar. The planes of stratification are apparently oblitera

ted; but there are divisional planes visible, running E. and W. and dipping south. When the 
spray has wet the face of this rock, it shows a beautiful variety of colors, and even in band spec

imens might be smoothed and polished so as to be employed for an ornamental stone. (Nos. 300, 

1867, 1868.) 
In South Natick, Needham, Plympton, Roxbury, Newbury, &c., we find a rock which is best 

described, perhaps, by calling it a slaty porphyry; generally, however, containing at least a 
glazing of talc. \Nos. 1823, 1832 ) lt is evidently a recomposed rock, and probably resulted 

from the veins of porphyry and compact feldspar, which 1 consider essentially the same rock. 
6. Amphibolic Aggregate. (No. 374.) Nothing is more difficult in many cases, than to de

termine the nature of the semi ·crystaline minerals entering into the Composition of some of the 
intermt>diate rocks. They seem to have undergone a chemical process, which has not been thor~ 

ough enough to give them a fully developed characler. In the present instance the mass appears 
decidedly crystaline; yet I am in serious do\lbt whether amphibole is the dark green mineral jn 

it lhat exhibits a crystaline structure. Another part of the rock presents an argillaceous aspect 
and exhales an argillaceous odor when breathed upon. But had I found it among primary rocks, 
l should have regarded it as by no means an anomaly there: especially after finding in it a vein, 
four inches wide, of crystalized zoisite. The position of this rock, has already been pointed out, 
in describing the conglomerate of the .southeast part of Rhode Island. The strike, if I have not 
mistaken it, is nearly N. and S. and the dip from 60Q to 70"" W. 

7. Varioloid Wacke. The rock which 1 thus designate, has generally been regarded by those 
who have described the geology of Boston and its vicinity, as amygdaloid. But it seems to me 
that there are insuperable objections against lhe supposition that the nodules in general were 
introduced by infiltration, or even sublimation ; the only modes by which geologists suppose the 
cavities of amyg<laloid were filled. For they consist generally of rounded masses of compact 
feldspar; a substance which must certainly have been the result of igneous fusion. On the other 

hand, the rounded form of these nodules, and their non-crystaline structure in general, forbid 
the arrangement of this rock along with the porphyries. But some writers regard variolites as 
rathel' intermediate between porphyry and amyg<laJo;d, ( Traite de j}fi:neralo9ie, Par. T. S. Beu
dant, (Paris, 1830,) Vo/.1.p. 569.) and such I suppose to be the character of the rock under 
consideration. By the term varioloid, 1 intend merely to designate the external aspect of the 
rock; since the mode of its formation seems involved in much obscurity: but its \•ariolous ap
pearance none can deny. 

Brochant describes wacke as' a substance intermediate between basalt and clay.' This de
scription will apply to the base of the varioloid rock under consideration. It is found in Brook

line, Cohasset, Natick, Newbury, Newton, Needham, Hingham, Brighton, and Saugus. But its 

most important varieties are found in the three latter places, and deserve a particular description. 

ln Brighton, the ';acke is of a chocolate. color, and quite hard. The nodules are mostly 
rounded, and of tbe size of a pea; but sometimes they are much larger and irregular, approach· 

ing to the form of veins. Compact feldspar, epidote, calcareous spar, and quartz are the princi-
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pal mi.nerals of which they are composed. Sometimes the external part of the nodule is com

pact feluspar, or calcareous spar, and the central part epiJote: and sometimes quartz occupies 

the center, invested by epidote. The epidote is crystalized, although the cavities are in almost 

every instance entirely filled. The foliated structure of lhf' feldspar, and especially of the cal

careous spar, is not unfrequently visible, though generally these minerals are compact, and very 

hard. But the two last seem to be strangely blended, as if they bad been partially melted to

gether. (Nos. 373, 377.) 
At a quarry about a mile southwest of Brighton meeting house, this varioloid rock may be 

seen passing into conglomerate, showing that it is only a metamorphic variety of the grayw;:acke 
formation. 

Al Hingham, the greater part of this rock is of a deeper red than that at Brighton; though 
some of it is of a light gray. The basis is harder, owing perhaps to a mixture of compact feld

spar. The nodules vary in size from that of a pea to that of an almond; and consist of brown

ish red and greenish compact feldspar, with carbonate o( lime mixed with the latter, or in sepa
rate folia. Not unfrequently the red compact feldspar encloses the green, like that in Brighton. 

This rock is associated with a conglomerate of the graywacke formation. (No. 374, 1834.) 
At the head of Nantasket Beach, I found a ro1led mass (No. 375) of the varioloid rock, 

whose base is brownish gray, and the nodules a greenish compact feldspar. 
In Needham, this rock bas a somewhat slaty structure, is hard, and contains distinct crystals 

of feldspar of a light green color. (No. 378.) But as the basis is obviously wacke, exhaling an 

argillaceous odor, I can hardly persuade myself lo place it among the porphyries. Suppose this 

Needham rock were to be subject to a degree of heat sufficient to fuse the feldspar, without es

sentially altering the wacke, I inquire whether the result would not be a rock very similar to 

some varieties that have been described as vario1oid wacke. And may not this have been the 

mode in which some of that rock w11s produced? 
The most remarkable of the vario1oid rocks which I am describing, occurs at Saugus. Near 

the center of the place, and surrounded by granite, we find a rock, forming a hill one or two 
hundred feel high, composerl of a b:isis o( green wacke with imbedded nodules of white com.pact 

feldspar, with an occasional mixture of carbonate of lime. The nodules are rarely so large as a 

bullet; more commonly about the size of small peas, and in some parts of the 10ck so ver~ nu
merous that it seems hardly possible they could have been infiltrated into cavities previously 

made. (No. 372.) The basis is a pleasant green. 1 saw no conglomerate or other variety of 

graywacke in the vicinity. 
It is obvious from the preceding descriptions, that in some instances-particularly at Brighton

the nodules of this varioloid rock mui:;t have been at least partially formed by the infiltration of 

earths from a watery solution : but it would seem that this was only a part of the process. For 

it is difficult to conceive bow such minerals as compact feldspar and carbonate of Jime could 

have been deposited in a compact form from a watery solution; since they crystalize with so 

much readiness. It seems lo me that we must call in the agency of heat, after the infiltration 

took place, by which the crystals might be converted into a compact mass, and all the cavities 

be filled, as they are in almost every instance: and if we suppose granite, sienite, &c. to have 

had an igneous origin, we can be at no loss to provide for the requisite heat. I had been rather 

disposed to regard much of this rock as an example of the solid concretionary structure, espe

cially that at Saugus. But the occasional evidence of infiltration led me to abandon that hy

pothesis. Jf the one hinted at above is more sati::ifactory, I shall be gratifieJ. The subject is 

certainly involved in much obscurity. 
9. P/iHl!J Slate. 10. Chert. l l. Jasper.# J regard these rocks as varieties of other rocks, 

nltered by the proximity of granite, porphyry, or trap: and in Massachusetts they are merely 

altered varieties of the graywackc formation. Hence I shall treat of them in this place. The 
70 



550 S'cientific Geology. 

sagacious observations of Dr. Maceulloch concerning the origin of thf'se rocks, \Systnn of C~
ology, lFol. I. Chapter 40.) rect.•in:: strong confirmation from their situation in New :England. I 
shall c-xhihit the relative position of these rocks as intelligibly as _possiblc1 from the examinations 

of them which I have been able to make. 

Flinty Slate, or Siliceous Schist. 

This rock I have found only in two places in the district which I am describing ; viz. in New
port, H.. I. and on the promontory of Nahant. It is interesting, however, that in the former 
place it occurs contiguous to granite, an<l in the latter, to trap. 

Jt is not this slate alone which in Newport exhibits the influence of the proximity of granite: 
and it will save space to give an account here of the whole of this interesting spot, to which 1 
was conducted by Col. Joseph G. Totten, ·who is at the head of the Topographical Bureau al 
Washington, and to whose polite attentions I am much indebted. 

Fig. 10!1. 

The preceding rough sketch of the soutlrn•esl part of Newport, will give a correct idea of the 
relative position and extent of the four or five rocks which are there associated, on a surface of 
four or five square miles; viz. granite, flinty slate, graywacke slate, limestone, serpentine, and 
jasper. The flinty slate, it will be seen, occupies a considerable space immediately contiguous 
to the granite, and it is separated from the graywacke slate on its west side, by a small ravine. 
The flinty slate exhibits various degrees of induration, ::ind more or less of a mixture of different 
minerals. One variety bas a gray color, an imperfectly conchoidal somewha.t splintery fracture, 
and is rendered porphyritic by small grains of hyaline quartz. Another dark gray variety ex
hibits greenish and v;hite clouds. A third has a reddish base of an earthy aspect and fracture, 
less hard than the preceding, and contains numerou.s light colored, rounded masse3, resembling 
horns.tone, from the size of a pin's head to that of a m1Jsket bullet; giving it an amygdaloidal 
aspect. If hard enough to receive a polish, it would form an eleg::int ornamental stone. A 
third variety exhibits a semi-crystaline aspPct, and contains minute scales of mica. This variety 
is traversed by veins of granite, composed of quartz and fiesh-coloretl feldspar. (Nos. 380 to 383.) 

For the most part, this rock exhibits scarcely no marks of stratification. But not unfrequently, 



Metamorphic Slates. 551 

even in the most highly indurated masses, the traces of a former slaty structure are distinctly 
visible. Jo short, it is quite obvious, that it is the graywacke slate, which has been subject to 
a beat so powerful a.s to indurate, and for the most part to melt it. I think it would be easy to 

collect specimens exhibiting almost every gradation from graywacke slate to flinty slate. 
In the southeastern part of the above sketch, the granite cuts off the graywacke slate at right 

angles to the general course of the layers: and the slate is indurated only a few feet from the 

junction. The junction between the granite and the siliceous slate is obvious in several places, 
particularly in a ledge at the southwest extremity of the granite: and the two rocks are so firmly 

united as to separate no easier than in any other direction. 
The graywacke slate of this spot has generally the shining or glazed appearance of the oldest 

varieties of argillaceous slate: but in the extensive excavations that have been made in it for the 

construction of Fort Adams, we see frequent examples of a brecciated or conglomerated struc
ture. It is also traversed by numerous small veins of white quartz, sometimes combined with 
flesh colored feldspar. -

The serpentine is separated from the granite by a strip of flinty slate. At its eastern extremity 
it seems to lie between the flinty slate and the graywacke slate, and to have a stratified structure. 
But it probably extends to the southwest, (as shown on the sketch by the crosses,) so as to cut 
across the northwestern point of the siliceous slate. A valley passes through the flinty slate in 
the direction in which the serpentine runs, and at its extremity, serpentine appears in small 
masses attached to the flinty slate. It probably forms a vein in the slate, which is hid by the 
loose soil, though at its northeastern extremity the graywacke slate lies immediately north of it, 
as shown on the preceding sketch. The serpentine is compact, very hard, and of a very dark 
color. It might easily be mistaken for greenstone. 

The limestone forms a small island, a little distance north of the serpentine ; also a small point 
projecting into the harbor, near Fort Adams. It is nearly destitute of stratification, is perfectly 
compact, and nearly as hard as quartz. Its general color is a grayish while; but it abounds in 
gray spots, which resemble chert. (No. 495.) Indeed, the whole mass seems to be well ad
vanced in the process of conversion into that substance. This seems to be the case referred to 

by Dr. Macculloch, when h~ sa~s ~ "an attempt to. t~e pr~~uctlon of this rock (chert) is of~en 
observed where the process is still rncomplete; and it 1s evrnced by the extreme hardness which 
such limestones exhibit in the vicinity of granite." (System of Geology, Vol. 2. p. 285.) He 
refers l1ere to the primary limestones, which are intermingled with siliceous and argillaceous 
rmalter: and that the limestone at Newport is primary, in the sense in which Dr. Macculloch 
uses the term, is evident from the fact, that near the serpentine, a portion of it is seen in the 
form of a bed, between the layers of graywacke slate: and the limestone associated with this 
rock, is precisely the kind that is apt to contain a considerable proportion of siliceous and argil
laceous matter. In ordinary cases, limestone is rendered more crystaline by the proximity of 

granite: but where a certain proportion of argillaceous and siliceous matter is contained in it, 
the effect of heat will be to render it more hard and compact. 

A portion of the graywacke slate near Fort Adams is converted into jasper. But a more par
ticular description must be deferred till I have finished what I have to say concerning flinty slate 

and chert. I shall also have occasion to speak again of the striking evidence, which the group 
of rocks above described in Newport furnishes of the igneous origin of granite. 

Flinty Slate of Nahant. 

The greater part of this promontory is sienite. But enough of the argillaceoUs slate remains 
at its southeastern extremity, to show the geologist the influence of trap veins in passing through 

it. These are quite numerous1 both in the slate and in the sienite; and sometimes the green~ 
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stone is intruded laterally between the strata of slate, in the form of beds. Yet the general dip 

and direction of the slate appear to be but little affected by these \•eins, although they frequently 

constitute more than half the rock. For the basset edges of the slate run nearly east and west, 

and dip northerly; which corresponds with the general direction and dip of the argillaceous 

slate in that region. Nearly all the slate, however, on this promontory is much indurated ; and 

a considerable proportion of it converted into genuine flinty slate. The slaty structure is rarely 
lost, except at the junction of the greenstone and slate, where the two rocks are so intimately 

blended, that it is not easy to fix upon the spot where either of them commences. This corres .. 

ponds with the opinion of Dr. Macculloch, that nothing but the requisitedegreeofheat is neces

sary to convert argillaceous slate into greenstone. (Nos. 3S3 to 385.) 

Chert. 

In using this term I follow the definition of Dr. Macculloch, who represents it, if I under

stand him, (System of Geology, Vol. 2. p. 283,) as simply argillaceous limestone, or calcareous 

sandstone, that has been melted. 
I have already described a conatus for the production of chert from the Newport limestone. 

But at Nahant the process seems in some cases to be nearly or quite completed. One observes 

there, that a considerable proportion of the flinty slate contains layers of a light gray substance, 

somewhat resembling in aspect and fracture, certain varieties of pottery. (No. 386.) On exam

ination we find intermixed with this substance, a compact or even semi-crystaline limestone. In 

short, we observe every degree of induration and compactness frc..m limestone to chert. There 

can be Httle doubt, it seems to me, that this is a genuine case of the conversion of argillaceous 

limestone into chert. For, says Dr. Macculloch,'' originating in limestone, the transition from 

that rock into the chert, is often so gradual, that no precise point can be assigned where the term 

indurated limestone is no longer applicable." (System of Geology, Vol. 2. p. 284.) None of it, 

however, at this locality has that chalcedonic aspect which highly indurated chert often exhibits. 

Jasper. 

The jasper at Newport, to which I have already referred, occurs a few rods south of Fort 

Adams. Two or three large blocks of graywacke slate lie upon the shore, a considerable part 

of which bas been converted into red jasper, often mixed with a greenish, translucent, siliceous 

mineral, so as to from an imperfect heliotrope. Before the mouth blowpipe the greenish variety 

undergoes no change, except a loss of color: but the red variety loses its color, and becomes 
•lightly glazed at the surface. (Nos. 387, 387 1-2.) 

The manner in which this jasper has been produced, appeared to me quite obvious: indeed, if 
1 mistake not, we see the various steps of the process. The rock contains a considerable quan
tity of the magnetic oxide of iron ; which consists of one atom protoxide and two atoms of 

peroxide. Now the effect of heat would be to convert this moiety of the black protoxide into 

the red peroxide; and the iron would serve also as a flux for the fusion of the slate; and thus 

genuine jasper would be produced: for according to Mohs," jasper, with its various kinds, is 

formed, if besides the oxide of iron, clay enters into the mixturt:, &c." (Mohs' Mineralogy, Vo/. 

2. p. 32S. Edinburgh, 1825.) Those parts of the rock with which the iron did not mingle, 

would form hornstone or heliotrope; the latter deriving its green color from the slate, which has 

a grt:enish aspect. Al3 the vicinity of this locality exhibits so many marks of the former action 

of powerful heat, can we doubt that in this manner the Jasper was produced? and can we doubt 
but granite was the powerful igneous agent employed ? 
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Saugus has long been known as a locality of fine jasper. It exhibits a blood red, and general
ly uniform color; though sometimes striped and clouded with white, so as to be very elegant 
when polished. (Nos. 388 to ::J90.) I have been surprised, however, to find how easily it may 
be fused by the common blowpipe, into a white semi-transparent enamel, containing bubbles; 
and I can have little doubt but it ought to be referred to compact feldspar, which conducts pre
cisely in this manner before the blowpipe. I am inclined, however, to believe that it contains 
some argillaceous matter ; and it must contain tbe red oxide of iron to give it its color. It oc
curs a few rods east of the hill of varioloid wacke, which has been already described, as com· 
posed of wacke and numerous nodules of compact feldspar and limestone. Now I suspect that 
the action of granite on this rock, has converted a part of it into this pseudo-~asper. For gran
ite appears in place only a few feet distant from the jasper; though the actual juncfon is hidden. 
If this be the true theory, then the composition of the varioloid wacke is the same as that of the 
jasper; and since compact feldspar predominates in the former, it probably does in the latter. 
And if I mistake not, very much of the compact feldspar in the vicinity of Boston abounds in 
argillaceous matter, as well as iron. In Hingham, indeed, it greatly resembles the Saugus jas
per, though of not so rich a color. 

ll. Hornstone. This term has been applied to so many substances, that it is necessary to say 
I mean by it '' a mineral approaching near to flint, and differing from compact feldspar in being 
infusible;" which is the definition of Professor Leonhard. It differs from chert, which is usu
ally regarded as a variety of hornstone, in being derived from a rock which contains no lime of 
consequence. 

I have met with this rock in Massachusetts only in one spot; viz. in the north part of Wes
ton: but I should not think strange if it should be found all along the line dividing the stratified 
primary from the unstratified rocks in the vicinity of Boston. In color and translucency it bears 
a striking resemblance to horn: yet the marks of the original lamination are exceedingly striking; 
the layers standing nearly perpendicular and running nearly N. E. and S . W. From this fact I 
infer that the original rock, out of which this metamorphic one has been produced, was a part of 
that system of strata exhibited on Plate 53, which runs nearly N. E. and S . W . : although it js 

now surrounded by unstratified rocks. This hornstone has the hardness of fl int, a splintery 
fracture, and is infusible before the common blowpipe. Hence I conclude it to be highly sileceous. 

This description applies to this rock in its most perfect, that is, its most completely fused con· 
ilition. (Nos. 1871, 1872.) But it is sometimes softer, and Rppears to be passing into a slaty 
rock which may be graywacke slate. (No. 1870.) Not improbably varieties may be found that 
will afford good oil stones. I foond this rock in the northeasterly part of Weston, on the turn~ 
pike from Waltham to Dolton. 

Patches of metamorphic slates are marked upon the Geological Map, (Plate 52,) in Belling .. 
ham, Cumberland, and along the west side of Narraganset Bay : in Newporl and Tiverton : in 
Fall River, Cohasset, Ilir.gham, Saugus, Weston, and Newbury. In the lalter placH,on Kent'• 
Island, a part of the rock appears to be the varioloid wacke, passing into trap; and some of it 
might even be regarded as trap. (Nos. 18181 1819.) We have there, dso, slates which appear 
to be more or les~ metamorphic. (Nos. 33S, 347, 351.) I might add many other localities, 
where these metamorphic rocks occur in quant ities too small to be noticed on the map: as in 
DuxhuFy, for instance, where we have some slaty rocks which I find it difficult to understand 
and name. (Nos. 1060, 1061, 1869.) 

.Mineral Contents. 

If we Jo not consider hornstone and jasper as simple minerals, and probably the strict princi· 
pies of mineralogy will exclude them, the minerals found in these slates are few and unimpor4 
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tant. In Middleton, R. I. I have already described a vein, several inches wide, of crystnli>:cd 
zoisite. (No. 392.) Epidote, also, is not very uncommon; but it is rarely crystalized. Mag
netic oxidP of iron is frequently founrl in minute octahedra in some of the slates around Narn
gansct Bay. And 1 am inclined to believe that the deposits of iron and copper in Cumberland, 
R. I. ought to be regarded as belonging to these rocks; or rather, as lying at their junction with 
the unstratified rocks. But this point needs more careful examination. 

Theoretical Considerations. 

It needs only a glance at the Geological Map to see that all the deposits of 
metamorphic rocks marked upon it, lie immediately contiguous to granite, 
sienite, porphyry, or greenstone. And in the present state of geology, this 
is a sufficient reason for the metamorphosis that they have experienced: be
cause none now doubt but the unstratified rocks have been the result of 
fussion. I shall not in this place go into the inquiry, how far the facts that 
have been developed sustain the hypothesis, held by many distinguished men, 
that all the stratified primary rocks are metamorphic. For the arguments 
on that question will be better presented in the Fourth Part of my Report. 

'7. AnorLLACEOUS on CLAY SLATE. 

This rock is evidently nothing but clay lnore or less in<luratecl and divided 
into very thin layers. When only moderately indurated, the rock is called 
shale, and exists in that state in the coal formation. But when hardened so 
as to become somewhat shining in its appearance, it is called clay slate. 
When found in connection with graywacke, it sometimes contains organic 
remains, and has been called transition clay slate. But when these all dis
appear and the surface has much lustre, it is called primary clay slate, and 
is associated with the newest of the primary stratified rocks, of which it forms 
one of the members. These terms, however, are fast getting out of use; and 
probably the sooner they are gone the better. 

All the clay slate in Massachusetts belongs to the oldest varieties ; unless 
it be the narrow band which I have already described under graywacke, as 
occuring around Boston. This evidently occupies a lower place in the series 
than the graywacke; and fragments of it are sometimes seen in the conglom
erates of the newer rocks: Hence I must regard it as an older formation than 
the graywacke. It is also entirely destitute of organic remains: as is all the 
clay slate in Massachusetts. 

It is well known that in Europe, most of the clay slates exhibit laminre of 
cleavage which do not coincide with those of original deposition. But I have 
sought in vain for such a distinction in the clay slate of Massachusetts. The 
rock has, indeed, very often a jointed structure, occasioned by oblique di vis-
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ion al planes. And from the fact that the laminre which form roofing slates in 
the deposits are often more even than those resulting from deposition, and that 
they frequently are inclined at a larger angle than the adjoining mcks, I am 
disposed to believe that they are usually laminre of cleavage and not of deposi
tion ; that is, produced by chemical agencies subsequent to deposition. But 
probably in a majority of instances, I have found these laminm abounding in 
minute undulations, and a slight difference of color was obvious in the differ
ent layers, which facts certainly lead to the supposition that they were pro
duced by original deposition. Very probably, had I been able to spend 
more time in the examination of our clay slate deposits, and had they been 
more fully developed in the state, I might have discovered planes of stratifi
cation and deposition differing from those of cleavage. But at present I can 
only say, that when I speak of the strike and dip of the strata, I mean those 
divisional planes which form the slaty laminre. 

Litliological Characters. 

The common argillaceous slate, which, in its mosl perfect slate, forms roofing slate, is the: only 

variety of importance belonging to this formation. This passes by slow gradations in lo mica 

slate; so that it is often impossible to say where the one terminates an<l the other commences. 

Hence some of the specimens which I place under mica slate, other observers would place uucler 
argillaceous slate, and vice versa. 

The laminre in the best varieties are straight and even: but as tl:e rock lo mica 

slate, they become minutely undulated, the surface resembling certain shales 
of the new red sandstone already described. Some of these intermediate varieties are remarkably 
contorted : but these I shall describe under mica slate. 

In Guilford, Vt. , through which the Franklin County range of this slate extends, [ have ob

served that it passes into a fine grained variety of chlorite slate, and even perhaps into novaculitc. 
That range also abounds with tuberculous masses of white quartz. Veins of quartz also occur 

in it, as ] shall have occasion to show more particularly; and in Guilrord we find protruding 

masses of a porphyroid granite, passing into compact feldspar, and a slaty mixture of this last 
mineral and quartz. This granite cannot Le distinguished in band specimens from some of the 

trachytic rocks of Continenlal Europa. 

Topography of the Olay Slate. 

With the exception of that in the vicinity of Boston, the Map exhibits but three ranges of nr

gi'!laceous slate: viz. in the Counties of Worcesler, Frankliu, and Berkshire. And it happens 

that in all these cases, except perhaps the fil'st, the principal part of the range lies out of the 

State, either in NE>w Hampshire, Vermont, or New York. Two miles south cf the center of 

Halifaxi Plymoutb Countyi also, I found a delicate variety of argillaceous slate, which I was in

formed was discovered in digging wells, and that it lay immediately upon granite. (No. 363.) 

But whether it exists to any considerable extent in that region I am unable to say. 

Wo1·cester County Clay Slate. 

Some geologists would probably regard the slate that forms the roof and floor of the mine of 
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a::ithrn.cite in Worcester, as argillaceous slate; and maintain that the range oi this slate in \Vor
ecster County, extends al least ns far south :u1 that :--pot. But T regard that slate rather as a fine 

mica slate, much impregnated wah carbon, which gives it the appearance of urgillaceous sln\e. 

In almost every case the scales of mica are quite distinct: and at a short distance from the mine, 

the rock assumes the characters of mica slate distinctly; though here, as in m"ost of the range of 

mica slate extending from the mouth of Merrimack river to the State of Connecticut, much of 

the rock is so quartzose that it might perhaps be regarded as quartz rock. I have not found 
much well charnrterized argillarE>ous slate, soulh of Boylston. And north of this place, the 

country is so much covered with diluvium, and so little hilly, that the slate docs not often come 

into view. I found the range, however, to become narrower on approaching the north line of 

the State. Its characters appear most fully developed in Lancaster, where it has been quarried 

for roofing slate; and here the range is broadest. How far it extends into New Hampshire I 

have not ascertained. In passing from Groton to Townsend, I saw frequent examples of pro

truding masses and veins of granite in this slate. It passes on e'ither side into the peculiar mica. 

slate, already spoken of in Worcester County: and in this latter rock protrusions of granjte are 

not unfrequent. 

Franklin County Clay Slate. 

Jt will be seen by the l\fap that this range occupies a considerable part of the town of Ber

nardston, passing into quartz rock on the eaal, and into mica slate on the west, and embracing a 

considerable part of two mountains of considerable height. It is not, however, till we pass into 

Vermont, that this slate assumes its most perfect charac:ters. In Bernardston it is quarried, in

deed: but not I believe for roofing. Dut in Guilford, which adjoins Massachusetts, several 

quarries are opened for this purpose. It there forms hills of considerable elevation i and such is 

its character farther north. lt h:is been traced northward, in the valley of the Connecticut, 80 or 

90 mile-s, in Vermont ; nor do I know that its northern limit has yet been ascertained. 

Berkshire County Clay Slate. 

This ought perhaps rather to be called the argillaceons slate of Rensselaer and Columbia 

Counties: for the principal part of it JiC's in New York, in the eastern part of these Counties. 

Near the western line of Massachusetts it passes into mica slate, talco-argillaceous slate, and 

chloritc slate, by taking mica, talc, and chlorite, more or less abundantly, into its composition. 

Some of the slate rock in Williamstown, New Ashford, Richmond, \Vest Stockbridge, and 

Sheffield, approaches so near to clay slate that many geologists would thus regard it. But in all 

these places it seems to me to come nearer to mica slate than to clay slate : and ] have repre
sented the clay slate as entering Massachusetts only in Egremont; and there only a short dis

tance. On Prof. Dewey's geological map of Berk.shire, Columbia and Rensselaer Counties, in 

the 8th Volume of the American Journal of Science, he represents a range of clay slate extend

ing along the western base of Taconic Mountain across the whole State, and it is succeeded on 

the west by a deposit of limestone. Extensive quarries are opened in the slate in Hoosa.c, New 

Lebanon, and Hillsdale. Throughout its whole extent, it dips at a high angle, apparently be
neath the talco-micaceous slate of the Taconic Range. 

Shike and Dip of the Strata. 

The following statements, compared with Plate 53, will give an idea of the strike and dip of 
this rock. 



Harvard at the quarry. 
Lancaster. 
Shirley. 
Pepperell and Townsend. 
Townsend Harbour. 
Groton, west of centre. 
Bradford. 

Bernardston. 
Guilford, Vt. 

Egremont. 
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Worcester County Range. 

Strike. Dip. 
N. E. and S. W. N. W. 30° to 45. 
N. several degrees E. 45° to goo W. 
N. and S. W . Small. 

do. 30° to 60° E. 
N. W. and S. E. S. W . Small. 
N. E. and S. W. S. E. 

do. 30° to 45° N. W. 

Franklin County Range. 

Strike. Dip. 
N. and S. 20° to go0 E . 
N. several degrees E. E. nearly 90. 0 

Eastern Part of New York. 

Strike. Dip. 
N. and S. 70° to 80° E. 

This is the usual strike and dip of this range except that the strike is usually several degrees 
E. of N. and W. of S. But this range scarcely enters Massachusetts . 

.Mineral Oo11te11ts. 

The slate west of the Taconic range sometimes contains octahedral crystals of magnetic oxldc 
of iron, as well as the sulphuret of the same metal. 

The clay slate in Charlestown, is frequently traversed by veins of crystalized quartz and 
calcareous spar. 

The most interesting mineral in this rock is the chiastolite, or macle; which is fouod in Ster
ling and Lancaster. There is a great variety in the manner in which the prisms are disposed. 
The following are end views, of the natural size, of some of the most interesting forms. 

Fig. 110. 

71 

a w 
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This mineral is quite abundant in the clay slate in these towns, near the place where the rock 
passes into mica slate. lt changes insensibly into the mineral wbich has been generally called 
andalusite; and which is doubtless the same species. I have found macle in small crystals in a 
loose mass ofargillaceous slate in the town of Worcester. (No. 404.) 

In the dark colored slate that lies immediately contiguous to the anthracite bed in Worcester, 
I found beautiful specimens of green amianthus, (No. 1549) and specimens, also, of bucholzilP. 
{~o 1550): or, if it be not bucholzite, I am greatly mistaken. 

Evidence ef Distur6ances in the .!lrgillaceous Slate. 

l do not here refer to those agencies by which the strata of this rock have been elevated; nor 
to those by which its usual flexures have been produced; but to some movements that have tak
en place in certain anomalous directions. The instances which I shall refer to, all occur iu the 
Franklin County range, and mostly in Guilford, Vt. 

In some instances we find veins of quartz in the slate, as represented below. Here it is 
obvious, both from the curvatures in the undulating ridges of the slate, and from the wedge-form 
shape of the veins, that a force must have acted lateraHy on the edges of the lamime, while they 
were in a partially plastic state: and that an infiltration of quartz must ba,~e taken place subse
quently. It is not perhaps difficult to conceive how such a lateral action might have taken place, 
when the strata were originally elevated. The specimen from which the drawing was taken, 
(No. 411.) was found near the north line of Guilford, on the stage road. 

Fig. III. 

Jn the principal quarry of slate in that town, on the stage· road to Brattleborough from Green
field, are seen occasionally <liv.hsiooal planes perpendicular to the horizon, and to the lamime of 
the slate, which are n·early vertical, and run north and south. Not unfrequenUy, however, the 
slute at these cross fissures, when its edges are viewed from abote, is bent as in the following 
figures, which exactly represent the specimens, No. 417 and 418. 

Fig. 112. 
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ln the latter case the flexure is so great that the slate is partially broken; nnd this is the case 
frequently; showing that when the disturbauce took place, the rock was only imperfectly plas
tic. The quarry where these flexures are exhibited, has been so much excavated, as to leave a 
wall 20 or 30 feet high ; and excepting o.t these transverse fissures, the laminre are remarkably 
even: so that the phenomenon is rendered very striking. It must obviously ha'\'"e resulted from 
the unequal action of some disturbing force-perhaps that by which the strata were elevated
" ' hereby ·one portion of the rock was pressed forward, faster than the rest; though in some 
places not enough to separate, but only to bend, the slate, while in a soft condition. 

At the Gorge, or Glen, io Leyden, I found a series of such slides on a small scale, exhibited 
by the slate : as in the following sketch ; though perhaps the rock ought to be regarded as mica 
slate. (No. 416.) Here the echellon movement took place in a direction at right angles to that 
described above. 

Fig 113. 

Anothe.r disturbance much more remarkable, appears al the quarry in Guilford above referred 
to. In the following sketch Fig. 114, the observer faces the north, and looks directly upon the 
edges of slate, as it remains at the north end of the quarry, in its natural position. The almost 
uniform dip of the laminre, in every part of this quarry, is nearly 90°; leaning, however, a little 
to the east. And such is their position at the north end of the quarry, to the height of 15 feet, as 
represented in the sketch . But from IO to 15 feet of the upper part of the slate are bent towardn 
the west, so as to incline to the horizon at almost every angle, from O to 90Q. Where the flex
ure commences, the lamime of the slate are quite broken off, and not simply bent, as in the case 
of the Jisturbance in a perpendicular direction above described. Hence I infer that the former 
flexure was not produced so soon as the latter ; not indeed until the rock had become perfectly 
con§oliJatcd. The quarry lies upon the western slope of a hill of slate, one or two hundred feet 
high ; and the facts now related seem incapable of explanation, but by supposing a prodigious 
blow to have been given to the top of the hill, directed from east to west obliquely downward!. 
But what natural agent could have exerted such a force on such a point, I confess myself utterly 
at a Joss to imagine. A similar ease bas been described in Middlefield, which might have been 
occasioned by diluvial action, but the direction of the force in the present case will not admit of 
such a solution. 

Theoretical Considerations. 

When we consider the nature of the materials composing argillaceous 
slate, it seems difficult to assign any other origin to this rock, than deposition 
from water. Indeed, one has only to look at a clay bed, such as occurs in 
some of the tertiary and cliluvial strata, which we are sure must have been 
deposited from water, to be satisfied that he has before him clay slate in its 
unlini~1ed state; since nothing hut the consolidation of the clay bed is want-
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ing to convert it into perfect clay slate. But what agency could have ef
fected this consolidation? Mere desiccation would do something, but we 
must call in the agency of powerful heat, and probably-of galvanism too, to 
explain the elevation and dislocation of the strata, the production of various 
divisional planes, and the glazed appearance of the laminre. Nor is there 
any difficulty in finding the requisite agency: for it meets us, in the form of 
trap, porphyry, and granite, in almost any district of much extent. 

Fig. 114 

Disturbance iii the Argitlaccous Slate: Guiljurd, Vt. 

8. LIMESTONE. 

No rock is more widely diffused in nature, or less liable to be mislake.n, than the carbonate 

of lime. From alluvial marl to the saccharine limestones associated with gneiss and mica slate, 

we find an almost endless variety of this rock; but in nearly every case a drop of acid will en· 

able a skillful observer lo detect it and distinguish it from its associates. A more formidable 

difficulty has always met the geologist in assigning to the varieties of this rock their true places 

io the scale of strata. 
Most of the limestone in Massachusetts belongs unquestionably to the oldest varieties of that 

rock. The newest varieties are the fetid and bituminous, which are associated with the new red 

sandstone, and which have been already de~cribed. I have also given an account of the white 

compact limestone of Attleborough and Newport, Rhode Island, and of the gray limestone of 

Walpole, which belong to the graywacke series. All the other varietieS" in the State, I shall 

describe in this place. And as the localities are rather numerous, and the diversities of compo

sition, structure, and aspect, somewhat great; J shall, to save repetition, follow a topographical 

arrangement in the description. 

Limestone ef Bernardston. 

The most interesting fact respecting this small bed of limestone near the center of the town~ 

is the occurrence in it of the remains of animals. The rock itself is highly crystaline, and so are 

the re1ics. They have an annulated appearance, like eocrini: but the specimens are largest at 
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one extremity, and sometimes an inch in diameter; so lhat I doubt wbelher they arc encrini. 
Perhaps they may have been chambered shells. But they are so nearly obliterated, that it is 
only where they are a good deal weathered, that we get much idea of their structure: so that I 
conceive the specimens to be too imperfect to exhibit upon a drawing: although I ga\'C one in 
my former Report. They setlle the question, however, that this is a fossiliferous rock. The 
strike of its strata is nearly N. E. and S. W. and the dip 20° S. E. Tbe only strata lying 
above it are a variety of quartz rock; (:N"o. 601,) which is not seen, however, in immediate 
contact. Nor on the other side do we see the clay slate beneath the limestone; although met 
with al no great distance. This, however, runs nearly N. and S. an<l the dip of lhe layers is 
very high. I doubt, therefore, whether this rock forms a bed in the slate. .l\ly present impres
sion is, that it lies between the lowest strata of new red sandstone and day slate. But this 
point needs farther examination ; and it will probably be a difficult one to settle, on account of 
the coat of diluvium spread over tbe region. 

Two species of iron ore occur in this limestone; the magnetic oxide, (Aimant, Beudant,) and 
the bog ore, or hydrate of iron, (Limonite ocreusc, Beudant.) The latter is disseminated through 
a large proportion of the upper layers of the limestone, and also forms masses, several inches 
thick, between these layers. It exactly resembles the common bog ore, so abundant in our allu
vial formations. (No. 504.) This is not the only instance in which J have found this ore be
tween the strata of other rocks, as I shall haYe occasion to show hereafter ; and Beudant men
tions several localities in Europe> where the li111011ite is found' between the beds of divers rocks.' 

The magnetic oxide occurs as a bed in the limestone, lower down than the bog ore. The bed 
follows the dip of the limestone, and that rock is much impregnated with the ore in the vicinity; 
so as sometimes to produce a sort of brecciated marble (No. 472) 

It is very obvious that both these species of iron ore must ha,·e been of contemporaneous 
production with the limestone, since it is impossible to conceive how parallel interstices coul<l 
have existed between strata so litlle inclined, long enough to be filled by watery infiltration, or 
igneous aublimation, or galvanic agency. That the bog ore wa.:. deposited, as we find the same 
ore now forming, seems highly probable. But I am not aware of any theory which will satis
factorily explain how the mngnetic oxide, which consists of 69 parts of peroxide anJ 31 of pro
toxi<l<>, could have been produced in conjunction with the limestone. 

Limestone in Belclterlowu. 

This limestone occurs on the farm of Justus Forward, Esq., half a mile east of the meeting 
house. The specimen which was brought to me, and which 1 analysed, yielded only 25 per 
cent. of carbonate of lime. Its solution in nitric acid, also, was milky, iudicating the presence 
of magnesia. But having visited the bed, I find much purer specimens. It occurs in gneiss, 
which there dips at a small angle to the northeast. The soil has so covered the limestone that 
the extent of the bed cannot be determined, until this is removed. The bowlders on the surface, 
bowevE'f, indicate its extent to be ~onsiderable: and so valuable would be a good limestone 
quarry in that place, that I think some expense ought to be incurred by digging and blasting, to 
nscertain the nature and extent of this limestone . 

.Micaceous Limestone, 

This rock might very properly be regarded as a variety of mica slate: for usually it contains 
both mica ancl quart~, the )alter always; and much of it is merely mica slate wluch takes car· 
bonatc of lime iuto its composition. When the carbonate is in small proportion, the schistose 
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structure of the mien slate remains; but when the mica nearly disappears, the slaly structure 
also vanishes, though still the rock is stratified; the dip and direction conforming to those of the 
mica slate. It forms numerous beds in the extensive tract of mica slate on the western slope of 
the valley of the Connecticut; especially along the eastern border of the mica slate, from 
"rhately northwards. Several beds are marked on the Map, merely to indicate that they are 
numerous, but without any intention of giving them their true situation and extent, except in 
Whately. In that place is the largest and purest bed that I have seen. (Nos. 459 to 467.) 

From the analysis of two specimens of this limestone from Whately and two from Asb6cld, 
on page SO, it appears that it contains but little magnesia, but a large mixture of siJiceous matter. 

The carbonate of lime in this rock is very liable to be separated from the mica and silex by 
the action of air and moisture, so as to leave the surface of the rock coated over with a gray 
porous mass, sometimes even several inches thick. (No. 467.) 

This rock is frequently traversed by veins of granite. (No. 465.) The tortuosities of some 
of these veins is remarkable; of which examples will be given when I come to describe gran
ite. I have not generally observed any very striking effects produced upon the limestone by its 
proximity to granite. In one case, however, if I mistake not, a large quantity of argentinc has 
been produced by the action of the granite on the limestone. In a very wild and unfrequented 
spot in the northeast part of Westhampton, (not in the south part of Williamsburgh, as all the 
authorities state,) a huge mass of coarse granite lies in a valley, apparently in situ. At it~ 
southern extremity, which is represented on the following sketch, and which is an uneven per
pendicular wall from 10 to 15 feet high, project the edges of schistose rocks ; most of which is 
mica slate, but a part is micaceous limestone. These rocks appear to be mt·rely the fragments 
which adhered to the granite, when it was raised through the s]ates, or" hen these were torn 
off fron: the granite. Most of the layers are perpendicular: but some of them towards the 
eastern side, are much bent nn<l become almost horizontal. Here the argentine, a, a, appears, 
lying for the most part between the slate and the granite; penetrating both roc1ts, indeed, a short 
distance, but not forming what ought to be called a vein in either. lt does not enter the granite, 
as far as l could ascertain, but a few inches. And it is that part of thl' stratified rock that lies in 
the vicinity of the argentine, which is micaceous limestone. 

Fig. 115 . 

.'lrgentine t~ith .:Yica SlrUe and Granite: IVuthamplon. 

!\ow my hypothesis is, that when the granite was protruded into the mica slate and coa;:;c 
limestone, while in a melted sta.te, its heat by decomposition or sublimation, or both, forced the 
carbonate of lime into the cavities that were produced by the elevation of the rocks, where it 
assumed the form of that very pure variety of carbonate of lime called argenline or slate spar. 
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Whether its intrusion among the sinuositcs of mica slate caused it for the most part to assume a 
similar structure, I do not undertake to decide. 

In Vermont, near Connecticut river, limestone is found among the layers of argillaceous slate. 
Here it is destitute of mica, and is mixed with the argillaceous slate in such proportion as scarce .. 
ly to be distinguished from it, except by its efi'ervescence with acids: yet it appears to be closely 
allied to micaceous limestone. 

Limestone of Whitingham, Vt. 

This bed of limestone, as may be seen by the :riiap, approaches nearly or quite to the north 
line of Massachusetts, an<l lies near the junction of a range of talcose slate and gneiss. It is 
stratified and the dip is not far from 30a west, the direction being north and south. By follow
ing down a small tributary of Deerfield 1iver, which has laid bare this limestone in the south
west part of Whitingl1am, a good opportunity is afforded for examining its charncters. It is 
white and decidedly crystaline, though often containing bronze colored mica, and sulphuret of 
molybdenum in small plates. I found associated with it, also, actynolite, common augite, and 
mussite . Though a mile or two in length, the. breadth of the bed is very inconsiderable. Its 
geological associations render it certain that it is one of the oldest varieties of limestone. 

About 16 miles north of this bed, at an iron and gold mine in Somerset, is a very elegant vari ... 
ety of dolomite, occurring in beds in talcose slate. Some of it exceedingly resembles the purest 
loaf sugar. (Nos. 483, 484.) 

Limestone -in Bolto11, Boxborough, Littleton, .11.cton, Carlisle, and Chelmsford. 

The geological situation of these limestone masses and their mineral character are so similar, 
that one description will embrace them all. They all correspond to the description which Dr. 
Macculloch gives of the limestone of Tirey, one of the Western Islands of Scotland. "It is," 
says he," improperly called a bed, as it is only an irregular rock lying among the gneiss without 
stratification or continuity. In this respect it resembles the greater number of primary limestones 
found in gneiss and mica slate, and may be considered as a large nodule." \Western Islands, Vol. 
}. p. 48.) It will be seen by the Map that all these masses are in a gneiss formation, which, 
however, often passes into mica slate, and contains numerous protrusions and veins of granite. 
The dip and direction of the gneiss surrounding the limestone are visible at nearly all the quar
ries : but the limestone itself rarely exhibits any distinct marks of stratification. And as every 
one of these localities contains a quarry, a good opportunity is presented fore"arnining the struc
ture of the rocks. 

From the table of analysis given on page SO, it appears that nearly alJ the limestones from the 
localities under consideration, are highly magnesian; and some of them genuine dolomite. This 
fact will be referred to again in the sequel. 

Nearly all the limestone at these quarries is coarsely granular and highly crystaline~ 1t is al
most uniformly fetid also; sometimes so much so as to pro<luce nausea when struck, in a stom
ach of much sensibility. This was very unexpected to me in limestone of sucl\ gi:eat relative agf>. 

Although but a single bed of limestone is marked upon the Map in each of the towns men· 
tioned above, yet in most of them there are several ; some of them one or two miles distant from 
one another. In Bolton are two, in Boxborough one, in Littleton three,_ in Ac.tau.one, in Carlisle 
two or three, and in Chelmsford two or three. Not improbably others exist in the neighboring 
towns, which escaped my notice. 

The simple minerals imbedded in this lime9lone are DU\flerous and interesting. In general,, 
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.specimens from the different localities cannot be distinguished; though particular minerals are 

more perfectly developed at some places than at others; and one or two, perhaps, are found only 
at one quarry. The most common and abundant mineral isscapolite. It occurs both crystalise<l 

and compact ; and at all tbe localities abo\'e referred to . The crystalised variety is most abun

dant at Bolton, Boxborough, Chelmsford, and Littleton; particularly at the two first named pla
ces. The crystals are sometimes transparent, more commonly opaque and white, having begun 

to decompose. Sometimes the crystal exhibits the primary form, or a right square prism, acu

minated by four planes set on the lateral planes. More commonly, however, the lateral edges 

are slightly truncated. Some of these crystals are one or even two inches in diameter; though 

in such cases generally imperfect. Often this mineral is compact, and the color either white or 

lilac red. This red color, however, occurs also in that which exhibits an aggregation of prisms. 

Bolton and Boxborough yield an abundance of this beautiful variety. 
It is probable lhat the mineral from Bolton, described by Mr. Brooke, under the name of 

Nuttallite, is only a variety of sea polite. 
Augite, actynolite, pargasite, and radiated , fibrous, and brown hornblende, are among the 

minerals found in this limestone ; the two first at all the localities, the third at Carlisle and Box

borough; and the fourth, according to Mr. Nuttall, at Bolton. 

Phosphate of lime, sometimes in hexahedral crystals, but more commonly massive, is found at 

Bolton, Boxborough, and Littleton; usually in scapolite. Its colors are green and purple. 

Genuine petalite, (from which lithia has been obtained,) exists at the south q~arry at Bolton, 
associated with the scapolite. 

At Chelmsford small masses of black serpentine occur in the l imestone, and at Littleton also, 
of a lively green color. They occur also at Doltoa and form a good vert antique. 

At Carlisle, close by the turnpike from Concord to Groton, Prof. Webster discovered a few 

years since, a splendid garnet, which is probably a cinnamon stone. The specimens which can 
now be obtained, give but a poor idea of the richness of some of those which were first pro

cured. Probably extensive exploration might bring to light finer specimens. The same mineral 

is found at Boxborough. 
At Bolton rhomb spar occurs: and both there and at Boxborough, a beautiful variety of flesh 

colored calcareous spar in foliated masses, often with disseminated crystals ofpargasite. 

At Bolton, also, a new mineral has been discovered, which Dr. Thompson has denominated 

from its chemical composition, Bisilicate of Magnesia; and Mr. Shepard, with reference to its 

locality, c::il\s it Boltonite. (Shepard's :Mineralogy, Vol. I. p. 232.) It occurs in foliated masses 
in the limestone. (Nos. 521, 522) 

In the same place, at the south quarry, sphene, or silica-calcareous oxide of titan ium, is not an 

uncommon mineral in distinct crystals. Tremolite, also, is said to occur there in fibrous masses: 
also gaclo1inile,according to Professor Webster: also talc in veins, as well as at Littleton. 

Very delicate and beautiful amianthus is found in veins in the lirnest:>ne, about two miles south

west of the center of Chelmsford. The fibres are sometimes two or three inches long, and re

semble the finest and most beautiful white silk. The same mineral in small quantities is found 
al Bolton. (Nos. 523, 524.) 

The spinelle of several colours has been found at Bolton, Littleton, and Acton. At Bolton 

and Littleton it is sometimes red, and forms a real Balass ruby. At the same places it is blue 

&!ld hair brown ; forming the pleonaste. The latter has also been found at Chelmsford, as well a~ 

Brucite, or chondrodite: and also a beautiful wine coloured garnet, like that at Carlisle, accord

ing to Dr. C. T. Jackson. The Allanite a1so occurs at Bolton. The spinelles usual1y occur in 
octahedra. 
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Limestone of Natick and Sherburne. 

In the Economical part of my Report, p. 89, ] have given so particular an account of the situa

tion of the limestone in these places and of lhe size of the beds in Natick, that nothing more need 

be added on these points. By the Tabte of Analyses on page SO, it may be seen that the rock 

from both these towns is highly magnesian, and in one instance a perfect double carbonate of 

lime anJ magnesia. The beds in Natick occur near the junction of the stratified ::i.nd unstratified 

rocks i but l think within the limits of the gneiss formation. Here, however, it is only gneissoid ; 

taking into composition a large proportion of hornblende, and passing into greenstone and sienite; 

and tti.e whole mass is tra rnrsed by vi: ins of trap, and has been exceedingly disturbed, so that it 

is only occasionally that we see distiuct marks of stratificn.tion, or a laminar arrangement. A good 
opportunity is afforded at the rail road cut, where the betl of yellow compact limestone (Nos. 

1949 to 1951,) is found, to observe all these varieties of rock, and their great irregularity and 
intermediate character. 

Limestone in Smitli:field, R. L 

There are two principal beds of this rock, a little more than a mile apart; the most easterly 

one, half a mile from Blackstone river, called the Dexter rock, and the other, the Harris 
rock, occur in that variety of hornblende slate, which has been called transition or primitive 

greenstone. The slaty structure of a part of the rock is quite obvious, though to a cursory 
observer, most of the mass resembles very much secondary greenstone. Though the divisional 

planes of the hornblende be evident, yet the limestone is destitute of stratification ; forming an 

irregular mass 1 penetrated by projections from the slate. It is white and distinctly, though not 
very coarsely granular and crystaline. Some of it is dolomite. (Nos. 498 to 500.) It may be, 

und has been, wrought as marble; though it is difficult to obtain large blocks without fissures. 
Sometimes it is clouded. (No. 497) 

The imbedded minerals in this limestone, are, with few exceptions, very different from those 
just described in the limestone beds in gneiss in Massachusetts. In the Smithfield rock, talc is 

one of the most abundant of the minerals, and it is often of a rich silvery white color, asso

ciated with large prisms of rhomb and calcal·eous spar. Some of the nacrite found al the Dexter 
rock is beautiful. Nephrite exists here, also, in veins and nodules : also limpid quartz in crys

tals, calc::ireous and brown spar, tremolite and asbestos. 
lf, as seems to me extremely probable, the hornblende rock in which this limestone occurs, 

has been subjected to the action of powerful heat, we have a cause for the want of stratification 

in tbe latter. And the occurrence of immense quantities of sienitic granite in the vicinity, shows 
us whence the heat might ha\.·e been derived. 

Limestone of Stoneham and Newbury. 

In both these places the limestone is in irregular unstratified masses in sienite, except that the 

most northerly bed in Newbury is in greenstone: or rather, the rock appears often to be inlerme

diate between hornblende slate, trap rock and sienite. For the most part, the limestone is either 

finely granular, or compact, and white. Tbn.t at .Stoneham is translucent on the edges i (No. 

496.) and were it not for the numerous seams and cracks in it, would prove a very fine article 

for statuary n.nd other ornamental purposes. Two or three quarries have been opened at each of 
these localities, only a tew rods apart; but thf'y are uow abandoned. 

Among the minerals at Newbury precious and common serpentine predominn.te: and these 
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being disseminated in the granular limestone, for:n the ophicalce grenue or Brongniart, ( Classi
fication des Roches, p. 96.) which he mentions as occurring at Newbury. ( Tableari des Terrains, 
S,·c. P· 325.) Specimens of this variety may besE'en among those that are polished in the collec
tion; (Nos. 896 to 899,) although the geological position of this rock, if I have not mistaken 
it, is not above organic relics (epizoiqu.e) as that author supposes it commonly is. 

Another beautiful mineral, often running in veins through the opliicalce gren!le 1 or the serpen
tine, varying in width from a mere line to half an inch, is green amianthus. 'When a specimen 
is newly fractured, this mineral presents a peculiarly rich appearance. Its co1or is grass green 
and yellowish green. (No. 872.) Common asbestus occurs in the same situation. 

Fibrous limestone, or satin spar, occurs in the same connection. The fibres are sometimes 
four or five inches long, though the veins of this mineral are quite thin. 

Tremolite in radiated masses is not uncommon in this limestone. Epidote also occurs here in 
crystals; and white and gray varieties of compact feldspar. Associated with the tremolite and 
epidote, is found massive garnet. 

The limestone at Stoneham, is not so much mixed with other minerals as al Newbury. It 
occasionally, however, contains nephrite. This mineral melts with great facility before the oxy· 
hydrogen blowpipe, and without difficulty before the common blow pipe, into a yellowish slag or 
scoria. Another grayish green mineral occurs in nodules in the limestone, and might easily be 
mistaken for the siliceous infusible mineral thal has been described by many writers under the 
name of hornstone. But it melts with ebullition, not only before the compound, but also the 
Mmmon blowpipe, into a shining black enamel. (No. 507.) It is probably the allocl1roite, 
mentioned by Prof. \Vebster in the Boston Journal of Philosophy, as occurring at Stoneham. 

Limestone has rarely been found in other parts of the world, entirely embraced in unstratified 
rock. But I saw no rock in the vicinity of the quarries, except sienite and trap: although, as l 
11hall have occasion hereafter to observe, sometimes the s;ienite north of Boston possesses a 
limited slaty structure, fbrming n kind of hornbleQde slate: the unmelted remnants, perhaps, of 
the rocks out ohvbich the sienite was formed. That this rook had an igneous origin, seems to 
be at this day the opinion of geologists. And admitting this, it is easy tp see ''"by the beds of 
Jimcsi{:me, that have been described above, are destitute of ~tratificatioq, 

Limestone in Concord, 

This is a limited bed in hornblendic gneiss, not far from the junction of the stratified and un
stratified rocks. It differs from those already described from the same gneiss formation, in being 
of a darker colour and in not conlaining so much magnesia. I have analyzed, however, but one 
specimen. 

Limestone in Mzddlefield, Becket, and Blanford. 

Near the eastern border of the gneiss deposit in th e Hoosac mountain range, we find a fow 
limited beds of limestone, whose characters are very similar, and not much unlike those of the 
btde in Dolton, Chelmsford, and other towns in that vicinity: that is, the stone is usually more 
or less crystaline, ofa white colour, considerably impure, a.nd highly magnesian. The bed in 
Blanford lies near the junction of mica slate aml hornblende slate ; which latter rock is very 
narrow, and is succeeded by gneiss; so that the limestone in fact, lies near this latter rock. The 
beds in Middlefield and Becket occur within the limits of the gneiss. It exists probably in the 
greatest quantity at the mouth of Cole's Brook. At that spot it is distinctly stratified, the strata 
dipping west at an angle of about 70"' or SQQ, corresponding with the strata of gneiss which lie 
upon the west side,- and the strata of hor.nblende slate on the east side. The bed is almost four 
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roJs thick; and an im•gular granite vein, composed chiefly of feldspar, (No. 1983,) from one to 

four feet wide, crosses it nearly in a horizoutal direction; as is shown on Fig. 116. This has 

produced no mechanical disturbance in the limestone; nor, as I could discover, any chemical 

effect, except perhaps a degree ol induration. This is the only example of a vein of unstratified 

rocks in white limestone that I have met of any importance; although at one of the quarries in 

Bolton, a large mass of granite shows itself in such a position as to render it probable that it is a 

vein. The width of the bed is i;hown by the dotted lines. 
Fig. 116. 

The bed of limestone at Cole's Brook extends southerly into Becket, across the wesl branch 
of \Vestfield river; anl there it is crossed by the Western Rail Road, which cuts through jt to 

n considerable depth. The bed is there 54 feet thick j and on ils east side is hornblende slate, as 

in i\'lid<llefield; while on the other side we find a graphic granice, much resembling the vein al
ready described at Cole's Brook. And I have been led to inqui1·e whether that vein, as well as 

the mass of graphic granite bounding the limestone in Becket, mny not have been piodu ;e<l by 
segregation rather than injeclion. A few rods further east, the Rail Road crosses a second be<l 

of limestone, whose exact thickness I could not ascertain. About a rr.ile farther east, it crosses 

another large bed in MiddlefielJ; that is, on the north side of the river. In all the beds on this 
river, a delicate variety of serpentine is mixed with the limestone; or rather it seems as if a 

part of the limestone itself were changed into serpentine, and the rock becomes a delicate verd 

nntique. In the south part of Beckel tbe limestone shows itself i!.l two places, and ·.s probably a 

continuation of the bed at Cole's Brook. ln no place, however, is .it so distinctly st·atified as at 

that brook i though the lithological characters are similar, as well as its chemical constitution, at 

all the beds. Except the serpentine just mentioned, no simple mineral of importance occurs in 

any of these beds. I noticed, howe\·er, at the bed in the southeast part of Becket, poor speci

mens of t.remolite, and an aggregate of limestone, talc, an<l sphene, 

Limestones ef Berkshire. 

The limestone wliich I have thus far described, exists only in qui te limited beds. B 1t ai; we 

pass westerly into Berkshire County, we find extensi~'e ranges of this rock, interstratified with 

the slates which there abound. They form a portion of one of the mo:5t ex ens:ve deposits of 

limestone in the world ; extending almost uninterruptedly from Canada, along the western part 

of Vermont, Massachusetts, and Connecticut, an<l the eastern part of New \'-urk, into New Jer

sey, Penns)lvania, and Virgiuia; anJ probably much farther; aud being many miles broaJ. 
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Lithological Characters. 

The predominant characters of the Berkshire limestone are a white colour and cryslaline 
i:.truclure. But other varieties are common; and perhaps I shall do besl to describe them in 
order. 

1. Simple Carbonate of Lime. This is sometimes exceedingly fine and beautifully crystaline; 
as may be seen at North Adams, Lanesborough, New Ashford, West Stockbridge, Egremont, 
•nd Sheffield. (Nos. 1899 lo 1909. See also the Table of Analyses, P· 80.) The purest va
rieties are white; but the colours change to grey and even almost to bhck. (Nos. 1912 lo 1917.) 
The rock also becomes oflen finely granular and compact. As a general fact, the limestones that 
are a pme carbonate of lime, or but slightly mixed with magnesia, occupy the western part of 
the county; though these are sometimes interstratified with the next variety. 

2. Maynesian Limestone, or Dolonrite. This is either a double carbonate of lime and magnesia, 
or a carbonate oflime mixed with a large proportion of the double carbonate: for where mag
nesia exists in limestonl}, I cannot doubt but it forms a double carbonate; and that the excess of 
simple carbonate of lime is mixed with it. We find magne:.ia in these limestones in almost every 
proportion; as a reference to the TaLlt: of Analyses on page 80, will show. \.Ye find, nlso, per
fect examples of the double carbonate, or dolomite. All these varieties may be seen in Nos. 
1924 to 1938, and in many other specimens in the State Collection. The dolomite is frequently 
highly crystaline, often finely granular, and sometimes pulverulent, but rarely compact. The 
dolomite decidedly predominates along the eastern border of the limestone range, though some
times interstratified with the pur~ carbonate oflime. But where the rock is all dolomite, it can 
hardly be said that the rock is stratified at all, as in Dalton and Lee; where this variety is more 
fully developed than any where else in the county. This want of stratification is a very distinct 
character in lhe dolomites of Europe; especially in the Alps; and to give some idea how nearly 
.some in Berkshire correspond in this respect to those in Europe, I have given, on Plate 55, a 
rough sketch (0) of a hummock of dolomite in Lee, directly across the road from the residence 
of the late Rev. Dr. Hyde. Its resemblance to a mass of granite is very striking. The length 
of the base of this hummock is 5 rods. 

The crumbling down of the dolomite so as to form a white sand, is often a striking character. 
I haYe noticed it in New Marlborough, Sheffield, and Lee. But it is exhibited more strikingly 
in the town of Canaan, lying south of Sheffield, in Connecticut: it results probably from a Jaw 
of chemical combination, that the more numerous the ingredients in a compound, the more feebly 
are they held together. 

Both the simple and the magnesian carbonate of lime in Berkshire are frequently fetid, so as 
to give a strong odor when struck with a hammer. The same is true of the crystaline dolomite 
of Bolton, Chelmsford, &c. which occurs in the midst of gneiss. This odour, therefore, cannot 
gi\·e us any clue to the age of the rock, or prove that it has not been subjected to powerful heat: 
for the lime.stones in the eastern part of Massachusetts must certainly be regarded as among the 
oldest on the globe ; since they lie between almost perpendic:ubr strata of gneiss ; and there is 
decisive evidence that they have been suLjected to strong heat. IndeP.d, I might mention lhat I 
have frequently found fetid quartz an ingred:ent of the coarsest granite. lt seems difficult, how-
1.:Yer, to explain this peculiar odour without supposing it to have an animal origin. 

_-\n interesting property in the dolomitic limestone of Berkshire, is its flexiLilily. I do not 
know thut it '.s always fle~ible: .but I s~spect this prop~r•y to _be more common than is generally 
:rnµposed. 1 he best locality with which l am acqua.mted, 1s ln New Ashford; where slabs 
of it have been got out that would bend almost like a lath, when properly wet. No. 501 is a 
sample; though not so good as has been found. This contains only 16 per cent. of magnesia: 
auc1 yet I can h:i.rdly doubt but this is tbe causE> of its flexibility, by weakening the force of at-
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traction between the particles, and giviog that finely granular texture that seems almost peculiar 
to dolumitic limestones. No. 1932 is a sbb of the beautifully clouclecl marble of Great Barring
ton, and it is considerably flexible. This has such a texture ns has just been described, and 
contai11s 38 per cent. of mi'.lgnesia: so that it is almost a pure dolomite. 

2. 11Iicaccous Limestone. This usually occurs only at the junction of the limestone and mica 
.slate, nor is it very abundant. The most remarkable va1 iety that I have met, occurs in the 
southwest part of Cheshire, on the road to Lanesborough. The resemblance of this rock to 
gneiss is so grt~at, (No. 1960,) that it was only because I knew of no gneiss in that region, that 
1 was led to examine it. I did not find it in place ; but it is probably connected with the mica 
slate of Saddle mountain. Other examples of micaceous limestone mny be seen in Nos. 1966, 
1967, and 1962. The two first Nos. are eimmples of a rock pretty widely disseminated in the 
County, showing itself particularly in the ea:st part of Saddle mountain, and on the road from 
South Lee to Stoci<bridge. 1 have referred to this rock in the first part of my Report, as pro
ducing a salutary effect upon agriculture by decomposition. 

3. Talcose Limeslone. I han: noticed this variety but very rarely and in small quantities; 
only in Williamstown and Becket. Nos. 1964 and 1966, will furnish examples. 

4. Qunrtzose Limestone. A rock occurs near the prindpal villa~e in West Stockbridge, which 
appears exceedingly like stratified quartz rock ; and in fact it appears to be made up of granular 
quartz and carbonate of lime with a few scales of mica. (No. 1969.) Micaccouslimestone occurs 
in connection with it. (No. 1968.) 

5. Augitic Limestone. This consists of granular dolomite and cryslaline disseminated masses of 
green augite. I have found it chiefly h1 New Marlboro:.i.gh. White augite sometimes occurs in 
the same rock: as in Tyringham, (No. 1974,) Sheffield, and Canaan, Ct. 

6. Feldspathic Limestone. I have seen lhis only at the lime quarry in t'he south part of 
Tyringham. The rook is dolomite with disseminated masses of foliated feldspar. (No. 1970.) 

7. Granitic LimslQ11e. This is composed of quartz, mica, a litt}e feldspar, and limestone. It 
very much resembles dark colored granite; or rather granitic gneiss; although I ha\•e seen in it 
few marks of stratification. I have met with it nowhere but in South Lee ; and I apprehend 
that it forms a part of Beartown mountains, tha.t lie immediately south of that place, and with 
whose geological structure] do not feel myself as much acquainted as I ought to be. (No. 1971 .. ) 

S. Bi~silicate of Lime and Trisilicate of Alumina. (The Scupolite Rock of my jfJ17ner Reports.) 
Although this singular compound does not perhaps extend into Massachusetts, yet being elose 
upon our limits, in Canaan, Ct. and having bePn described by me in former Reports, before any 
geological survey of Conoeclicut had been ordered, I shall notice it again; especiaUy as I have 
some new facts to state respecting its chemical constitution. From its behaviour before the blo'v 
pipe, I was led to refer it to scapolite. Afterwards I re-examined it, at the suggestion of Prof. 
Shepard, and thought it might be nephrite, or saussurite. This was his opinion: but he after-. 
wards referred it to pyroxene. (See Geological Report,p. 135.) Wishing if possible to remove 
this uncertainty as to its nature, I requested Dr. Samuel J ... Dana, to undertake its analysis; and 
he very obligingly complied with my request. The results I shall give in his Qwn words, in a 
Jetter dated Dec. 20th, 183.7. 

"The resulls oft wo analyses gave, 
Silica, 
Proloxide of Iron, 

Alumina 1 

Lime, 
Magnesia, 

Carbonic Acict, 

Lass. 

5336& 
4.499-

10380 
25.80~ 

1.624 
4.000 
0.327 

lOQ 
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"Deducting the eqnivalent of lime for the carbonic acid, we get 5.090 lime=-9.090 carbonate 
oflime; and have 20.714 lime for the silica. If now we throw out the carbonate of lime and 
magnesia as belonging to the dolomite, in which the " Scapolite" occurs, and consider the lime 
as a bisilicate, and the alumina as a trisilicate, we have then, 

Lime, 20.714-l-Silica 23.672=44.386 Bisilicate of Lime. 
Alumina, 10.380-1-Silica 27.678=38.058 Trisilicate of Alumina. 
Oxide of Iron, 4.499-1-Silica 1 .999= 6.498 Silicate of Iron. 

Silica, 53.349 

"The silica is thus less than the quantity found by 0.017. This composition ogrees with no 
known mineral. The "Rock," therefore, which you have called "Scapolite Rock," must be 
considered a new species; consisting essentially of bisilicate of lime with trisilicate of alumina." 

In a letter dated Nov. 2d, 1840, Dr. Dana adds the following. 
"Jameson's Edinburgh Journal, has recently come to band-the No. for October. I have just 

cast my eye on the following, which, as you see, is a variety of your " Scapolite Rock:" con
taining about three times its alumina. It is a bisilicatc of lime, with silicate of alumina; while 
your Scapolite contains bisilicate of lime and trisilicate of alumina. Yours seems a mixture of 
Table Spar and Lenzinite; while this new mineral is a mixture of Table Spar and Bucholzite. 
I thought you might like to see the account, an<l here it follows from my notes." 

"Barsowite: Colour snow white, massive and feebly pearly, compact, dull: frttcture splintery 
or imperfect foliated . Translucent on edges. Hardness between apatite and feldspar. Sp. gr. 
2.740 to 2.752. Before blow pipe me1ts with difficulty, and only on edges; with borax, slow 
and calm, into a transparent glass. In powder, heated with muriatic acid, forms thick jel1y." 

Composition: Lime, 
Alumina, 
Silica, 

18.16 
32.76 
49.08 

"Found only in loose blocks, sometimes of several cubic feet size, in the gold sand of Ear· 
sowskoj in the Urals. Blue crystals of corundum, black grains of Zeilanite, an<l white foUa of 
mica, occur in it. It much resembles scapolite, distinguished by structure, relation to blowpipe 
and acid.H 

From the preceedingstatemeots it appears, first, that if the Barsowite. be anew mineral, so is the 
scapolite rock of Canaan: Secondly, that on strictly chemical principles the latter must be re
garded as specifically <listinct from the former, since it contains two proportionals of alumina more. 
And finally, if it should be regarded as a distinct species, the right to bestow a name upon it 
would certainly belong to Ur. Dana, who so long ago determined its nature. I shall not do this, 
both for the reason just mentioned, and because I am not sure that minerology bas yet attained 
that perfect state which enables it to separate, without confusion, substances so nearly al
lied. But I feel safe iu assuming that this compound constitutes a new rock. For in Canaan it 
occurs in mountain masses. Its strata, which I have traced 6 or 8 miles, with a width from 
100 to 150 rods, runs nearly N. W. and S. E. and dip usually as much as 45c;i N. E. I think 
that this rock is underlaid by the dolomitic limestone and overlaid by mica slate; though I did 
not see the actual junction with the latter rock. Where it passed into the dolomite, there is a 
gradual mixture of the two rocks. In the present variety the planes of stratification are remark
ably regular. Sometimes it is mixed with dolomite, quartz, and mica. (Nos. 540 to 544.) 

Strike and Dip. 

lo all other parts of the State except Berkshire, the beds oflimestone have the same strike and dip 
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ns the rocks containing them. In Berkshire, also, they correspond to the rocks with which they 

are interstratified ; that is, the strike is N. a few degrees E. and S. a few degrees W. and the dip 

easterly. Yet it will be seen from the following statements that there is a good deal of irregulari
ty in both these respects. 

Strike. 
Sheffield, Girard College Quarry, N. and S. 
New Marlborough, West Part, do. nearly. 
Boston Corner, A little E. of N. 

Egremont to Great Barrington, N. and S. nearly. 

South Egremont, N. E. and S. W. 

G. Barrington, Valley E. of South Mt. N. and S. 
Beartown l\It. South Side, N. W. and S. E. 

Monument Mt. to Alford, N, and S. 

Richmond, S. part, do. 
Lenox, E. part, N. W. and S. E . 
Tyringham, near Shaker Village, E. and W. 
Lee, N. part, N. and S. 
Washington, W. part~ do. 
Dalton, CP.nlP.r, N. W, and S. E. 
New Ashford, Kenl's Quarry, N. and S. 

W~/~·~;~1vn, N. W . base of Sad-i N. E. and S. W. 

do. W. Side of do. N, nnd S. 
clo. W. oullet of Hopper, do. 

JS', Adams, Hudson Brook, do. 

Dip. 
60° to 70° E. 

E. irregular. 
50° to 60° E. 

E. large. 
90° nearly 
20° W. 
N. E. small. 
E. small, sometimes 0)0

• 

30° E. 
S. W, 
S. 20.0 

E. 45.0 

E. large. 
30° lo 45ci s. w. 
30° E. 

145° S. E. 

E. moderate. 
do. 

E. ~5,0 

Co11volu!ions and disturbances of tlie Strata. 

In several cases I have noticed remarkable convolutions of the limestone strata, which it is 

not easy to describe or explain. Professor Dewey has given a striking example of one of these 
in 'Williamstown, with a drawing, in the 9th volume of the American Journal of Sience. In 

that case the strata appear to be so doubled upon one another as to form a very acute angle. 

But in the cases which I have noticed, we have them arranged in curves, with a radius often or 

several rods in length. In short, every appearance which I have witnessed, may be explained 

by supposing the strata to form huge concretions, having the shape of a paraboloid or ellipsoid, 

Different secti<ins, of such a figure will of course present curves of different shapes. Fig. 117 

is a sketch of the south end of Baker's quarry in Lanesborough, 4 rods wide. The curvatures 

here might he explained by a simple flexure upwards, in consequence of an elevating force, exert· 

ed ~ither laterally or beneath. But it may, also, be regarded as a portion of a paraboloid. 

Fig. 118, is a sketch of a spot, 15 rods long, near the center of New Ashford, embracing Col. 

Kent's lime qua.rry. a, a, represeut the strata of mica slate on each side of the bed of limestone, 

dipping east about 30°. Although the intervening lime.>tone is considerably hidden by the soil, 

yet a curvature on a large scale may be seen, as represented upon the sketch; whicQ how ... 
ever, conveys a very imperfect idea of the sl~ot. 
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Fig. 117. 

Soulh End of Baker's L.mcstone quarry: Lanesborough.. 

Fig. 118. 

Curtalure in Limestone Strata: .A"'ew Ashford . 

.At one of the largest quarries in West Stockbridge, called the old quarry, this curved structure 
is very manifest; and there is an appearance as if an enormous concretion existed there. Indeed, 
it is my present belief, that these curved strata ought to be regarded as a variety of concretion, 
produced by heat, in the same manner as analogous concretions are formed in the unstratified 
rocks. I think, therefore, that probably the parallel divis:ons of the Berkshire limestone are 
not always the true original planes of stratification J reduced by deposition. This may account 
for many anomalies in the strike and dip of the strata, as given on the last page. 

The manner in ' h1c:!i the \'eii s of calcareous spar 2nd the folia of slate are interlaced in this -
limestoue, is often very complicated and difficu]t to explain. I will give only a single example 
in Fig. 119, sketched from a slab of nearly white marble, taken from a quarry in New Ashford. 
The slab is 5 feet Jong and 3 feet wide. 
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a, a, is the vein of caicareous spar, and d, d, a somewhat wedge shaped mass of dark 
gray limestone, five inches wide at its base, which is twice cut off, once by each separate portion 
of the vein. At present there are no fissures at all in the slab, and apparently it would not break 
more easily in one direction than in another. As to the strip of darker Jimestone, d, d, there i! 
no more difficulty in accounting for its presence, than for any other close union bt:tween different 
varieties of a rock. But jf we suppose the two veins, a, a, to have been once united endwise, 
it is extremely difficult to imagine how they could have been so slidden as to be brought into 
their present condition. Dr. Macculloch has described a similar case of disturbances in a slab 
of marble from Ireland in the Transactions of the Geological Society. (Vol. IV. p. 393.) But 
in that case it was not difficult to imagine how the fragments of the vein, by a series of slides, 
might have been displaced in the manner exhibited upon his drawing. In the prtsent case, 
however, I despair of being able to explain that sort of double echel/on movement, by which 
both the yein and the dark. mass of limestone ha,•e been displaced . 

.Bge and relative position of tlte Berksltire Limestone and associated 
Rocks. 

The subject suggested by this caption, has proved perhaps the most difficult of all which I 
have endeavored to explain in the geology of l\Iassachusetts. To make the ground of the diffi
culty understood, some facts must be stated . 

It bas already been stated that this limestone, as a general fact, dips to the east, often at a large 
angle. The same is true of all the other rocks in the county, viz. gneiss, mica slate, talcose 
slate, and quartz rock. 'With all these the limestone is inlerstratified. In New Marlborough and 
Tyringham, it will be found in beds between the strata of gneiss; as at Hadsell's lime quarry. Its 
inlerstratification with mica slate may be seen in numerous places in all parts of the county. Yet it 
is a curious fact, that I have never met with the talcose slate in direct contact with the limestone: 
although sometimes separated from it only by a few feet of mica slate, having the same dip and di
rection: and therefore the talcose slate may be regarded as interstratilled with the limestone. At some 
of th~ IimC::stone quarries in W. Stockbridge, the mica slate and the limestone may beseC'n indirect 
contact. A sketch of this is given at Section L, on Plate 55. Jt shows the south wall of Boynton's 
quarry, in West Stockbridge, with the mica slate on the east or upper side. Section H, on the 
same Plate, extends westerly from the west side of the Old qunrry, near the middle of the E&me 

town, across a hill of talrose slate of considerable height; thence across a valley to the top of 
the Ta.conic R1ngc. The interstratillcation of the three rocks is here manifest, although the 
actual junction is sometimes hidden by a short space of soil. At the west base of the Ta.conic 
mountain, at Boston Corner, the limestone is seen passing under the slate; although here the ac
tual junction is concealed by the soil. I do not recollect ever to have met with a spol where the 
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limestone is in direct cC1ntact with quarlz rock. But as this rock frequently alternates with 
gneiss and mica slate, and the latter with the limestone, they must all be regarded as intcrstrati
fit!<l with one another. Jf we pass ... little beyond the west line of Massachusetts, we find the 
limestone alternating with argillaceous slate: though perhaps the limestone there ought to be 
regarded as of a different age from that connected with the older rocks, above mentioned. 

From the preceding facts, I think we may certainly infer that the lime
stone of Berkshire county is of the same age as the rocks with which it is 
interstratified ; and since these are of somewhat different ages, though most
ly primary, so is the limestone. The great difficulty in the way of this con
clusion, however, has not yet been stated. 

By consulting the Geological Map, Plate 52', in connection wilh the Sections A 3nd B, on 
Plate 54, across the northern and central parts of the State; and Section E. on Pl:ite 55, across 
the southern part of the State, it will be seen, that if we pass westward from Connecticut rh·er 
until we strike the primary strata, we shall find them <lipping easterly at a large angle: except 
towards the south paTt of the State, where they dip westerly at a large angle. As we advance 
towards the summit of Hoosac mountain, they become perpendicular, and continue so nearly to 
its western declivity. As we descend iolo the valleys of Berkshire, we find considerable irregu
larity in the dip; but in general, it is easterly, and the angle large. In the valleys, however, 
it is rather sma\ler .. than we find it upon the Taconic Range, that bounds those valleys on the 
'vest, and which is composed moslly of ta\cose slate. The easterly dip on this ridge is usoal1y 
very large, not unfrequently 90Q. Along its western base, we find clay slate with a similardip, 
though not as great. As we go towards Hudson river from this slate, we first meet with lime
stone, evidently of a newer date!" lhan that east of the Taconic range: Then succeeds gmy
wacke anJ graywacke slate; and finally, clay slate to the river. All these rocks ha,·e a large 
easterly dip: which, however, does not extend, as l understand, much beyond the river until we 
go as far south as the Highlands. 

Now it is most obvious, that as we pass from the toP' of Hoosac Mountain 
towards Hudson river, we are continually meeting newer and newer rocks. 
To the gneiss of Hoosac Mountain succeeds quartz rock; then limestone 
and mica slate interstratified ; then talcose slate; then clay slate; then a 
dark nearly compact limestone ; then a distinct fragmentary rock with beds 
of slate; and finally clay slate. The two latter at least contain organic re
mains. And yet, over the whole distance, the newer rocks appear to pass 
under the older. Fig. 120 will perhaps give an idea of the relative situa
tion of these rocks, from the top of l{oosac mountain, to a little beyond the 
Taconic range : although I have no evidence of any such sudden change in 
the dip as is shown between b, and c. At a, we have mica slate, or gneiss, 
according to the part of Hoosac mountain over which tbe section is suppos
ed to pa.ss: the gneiss prevailing at the south part, and the mica slate at the 
north part of the State. At b, we find quartz rock: at c, limestone and 
mica slate: at d, talcose slate on the Taconic range: ate, clay slate; atf, 
limestone: and at h, graywacke, both fragmentary and slaty. 
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Fig. 120. 

This inversion of the dip of the strata is not confined to Massachu•etts, 
and that part of New York east of Hudson river between the same paral
lels of latitude. It extends as far north at least as Canada; embracing the 
region between the summit of the Green Mountains and Lake Champlain 
To the south of Massachusetts, the same series of rocks, with a similar dip, 
stretch away southwesterly in the direction of the Highlands of New York: 
thence into New Jersey; a11d as I have reason to believe from the Geologi
cal Reports of the Professors Rogers upon Pennsylvania and Virginia, and 
of Professor Troost upon Tennessee, the same phenomena occur in those states; 
and probably still farther south in the Allegany chain of mountains. The 
width of the strata which exhibit this inverted dip, or are too intimately con
nected with it to be separated, is in Massachusetts and New York not less 
than 50 miles ; and its length, from Canada to Tennessee, more than 800 
miles. Whatever cause, therefore, has produced this anomalous position ot 
the strata, operated over a vast extent of country, and must have been an im
mense force. 

How are these facts to be explained in consistency with the known prin
ciples of Geology~ I approach this question with diffidence. For although 
insulated facts like those mentioned above, have been the subject of conver
sation among some geolegists for the last fifteen years, yet even now they are 
but imperfectly developed. The Professors Rogers of the Universities of 
Pennsylvania and Virginia, have undoubtedly collected more facts on the 
subject than any other geologists in ou1· country. But they have as yet pub
lished nothing concerning it, except occasional hints in their annual Geolog
ical Reports. In my former Reports I suggested several modes of explain
ing the phenomena, so far as Massachusetts was concerned ; but left the sub
ject in an entirely unsettled and unsatisfactory state. Perhaps I shall do no 
better now. But I will describe the various suggestions that have been 
made by myselfor others, to elucidate the subject, and leave the reader to judge 
of their absolute and relative merits. 
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J. One supposition is, that the secondary divisional pJanes of the slate rocks have been mis

taken for the planes of stratification. If it were only a single formation in which this inverted 

dip appeared, J should suppose it possible that such a mistake might occur. But here we have 

gneiss, mica slate, talwse slate, quartz rock, limestone, clay slate, and graywackc, all inlerstrati

fied ; and some of them embracing se\·eral distinct va11eties; as graywacke, in which we some

times find a coarse fragmentary variety succeeded suddenly by a slaty variety ; and it would be 

very strange, if at the places where so many rocks meet, we should not discover at some of them 

that the apparent was not the true dip. 
2. Another supposition is, that the true chnractcr of the slates and limestones of Berkshire 

County, and a!ong the western sloi.ie of the Green and IIoosac Mountains generally, has been mis

taken: that instead of being mica slate, talcose slate, and primary limestone, 11.ey do in fact lie 

above the graywacke, and are more recent. This is the view taken by Professor Emmons; 

(Report on the New York Survey )or IS37, P· 232.) and although l have the highest respect for 

his opinion, especia11y as he has enjoyed superior advantages for examining these rocks, yet l 

find it impossible for me to adopt his views: and for the following reasons. l. Jn all the rocks 

of Berkshire County, and in the same series of rocks from Canada to Tennesstc, no trace of or

ganir. relics has been discovered; '\\ohereas the graywacke group on which these arc supposed to 

rest, abounds with organic relics. 2. lf the rocks composing Saddle Mountain, Lenox Moun

tain, and the Taconic range, and those in the vallt·ys interstratified with the limestone, are not 

genuine mica ar.d talcose slates, l know not where such can be found in New England. (Nos. 

2064, 2075, 2079, 2097, 2099, and 214!) to 217S.) Yet by this supposilion these rocks must 

be considered as lying n1uch above the fossiliferous rocks near lludsan river. 3. These slates, 

especially in the southern part of Berkshire County, appear to pass beneath distinct gneiss rock, 

and this must be regarded as still newer than the slates according to this supposition. 
3. A third supposition is, that we are deceived in regard to the position of the older anU 

~ewer strata; and th;it the latter do not actually pass under the former, but are arranged as in 

!he following ideal section. 
Fig. 121. 

.; 

~ ~ ~ ] ~ ~~ qj ~ 

•• Gneiss and Mica Slate. 

This hypothesis supposes that there are several distinct formations superimposed unconformably 

upoo one another, all having so nearly the same dip that we scarcely notice any change as we 

pass from one group to another. This would be a very extraordinary though a possible case. 

But the fact is, that as we pass westerly from Hoosac mountain, we find the rock.'J evidently less 

ancient, even before we pass over the first intt-rstratified group of strata, viz. the mica slate 

talcose slate, qunrtz rock, and limestone, that lie helween the Wt"Stern base of Hoosac mountain' 

and the western base of the Taconic range. The limestont;. beconlt's less and less crJ·staline an~ 
magoe8ian, and its white colour is more or less last by the predominance of a dark grey: while 
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the slates approa.ch nearer an<l nearer to clay slate. In short, there appears to be a gradual 
change from older to newer, just as we witness when we proceed outward from a central axis o{ 
crystalinc rocks. And were the strata to be raised up and turned over, so as to <lip westerly at 
the :same angle al which they now dip easterly, it would bring every lhing right. Jn fine, for 
this and other reasons that might be named, and which are familiar to every one com•ersant with 
the rocks under consideration, I expect that every such person will reject this supposition as 
untenable. 

4. The only remaining theory is, that these rocks have actu.illy been 
thrown over into an inverted position ; or rather, have been so contorted by 
a force acting laterally, that one or more folded axes have been produced. 
This theory I did, indeed, mention in my Report of 1835: but it then ap
peared to me too improbable to be admitted. Subsequent reflection and 
examination have led me to view it in a much more favorable light. I shall 
therefore, now present the arguments on which it rests. 

In the first place, this supposition will explain the anomalous situation of 
the strata under consideration. I do not feel particularly enough acquainted 
with the rocks between the Taconic range and Hudson river to gil'e a de
tailed section. But taking the statements of Professor W. W. Mather, and 
the Geological Map of Berkshire County and a part of New York, by 
Professor Dewey, published in the 8th Volume of the American Journal of 
Science, as my guide, I think the general features of the country between 
Connecticut and Hudson rivers may be conceived to have been produced in 
the manner which is elucidated by Figs. 122, and 123. Let us suppose that 
at an early period in the world's history, the position of the strata between 
these rivers was as represented in Fig. 122. We may imagine the strata of 
gnt:iss to be covered with a deposit of mica slate, and somewhat bent up
wards, while upon their western flank are deposits of newer rocks in the 
following order: Limestone: l\Iica Slate: Talcose Slate: Clay Slate : 
Limestone : Graywacke and Clay Slate: marked on the figures by 
abbreviations. All these deposits, except the mica slate, may be sup
posed to stop short of the summit of Hoosac mountain. Now while 
yet the strata were in a plastic state, Jet us imagine a powerful force 
to act in opposite directions at the two extremities, viz. at Connecticut 
and Hudson rivers; where there is strong reason to believe two faults exist. 
The effect of this lateral pressure would be to bend the strata upwards; and 
if they were sufficiently yielding, to fold them together, as is shown on Fig. 
123. At the same time, there might be an upward pressure from gaseous or 
melted matter beneath, forcing its way upward, certainly beneath the prin
cipal axis, that is, Hoosac mountain, and perhaps heneath other spots. Both 
these forces, and also that of gravity, would conspire to fold the strata to
gether, as on Fig. 123 ; and of course to shorten the distance between the 
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extremities. It is not shortened enough on Fig. 12S, to produce all the 
contortions shown on that drawing. But it must be recollected that the scale 
of heights is vastly larger than the scale of distances. For w bile it is more 
than 50 miles from one end of the sketch to the other, the lleight of Hoosac 
mountain is less than half a mile ; and yet it is here represented as nearly 
half as great as the distance from the Hudson to the Connecticut. 

Suppose now, that after this folding together of the strata, extensive and deep denudation of 

the surface should take place, as we know it has taken plaee, over the who1e of New England 

and New York. Imagine the strata to be worn off as deep as the irregular JineA, A, and the 

character and dip of the strata will correspond in general to what we actually find between 

Connecticut and Hudson rivers along the south line of Massachusetts: Thus, beginning on 

the west side of the fo:mer river, we first strike a narrow deposit of mica slate, leaning a little to 

the east. Next succeeds gneiss, with a nearly perpendicular dip, till near the west side of 

Hoosac mountain the strata begin to Jean a little to the west. Next "rn cross a bed of limestone, 

which may represent the dolomite along the weti t base of Hoosac mountain: next a deposit of 

mica slate, as we find it interstratified wilh the limestone in the valleys of Berkshire. As we ap

proach the Taconic range, we first strike a deposit of more recent limestone, ''iz. t' at which is 
shown on Fig. 122, as lying immediately beneath the graywacke, and which is shown on Fig. 

123, as folding over the Taconic and terminating at Hs eastern base. This represents the less 

crystaline and often dark coloured non-magnesian limestones of the western part of the County. 

To this stratum succeeds, along lhe supposed denuded surface, clay slate, mica slate, and talcoi;e 

slate; which in like manner fold over the Taconic. At the west base of this ridge, we again 

cross th ~ clay slate an<l the limestone; and then we reach a clay slate of a more recent date, 
shown as lying above the graywacke on Fig. 12J; and on Fig. 123, as folding over another axis 

between the Taconic and Hudson river. Fina1ly, we cross the graywacke, and near the river, 

the clay slate1 the most recent of the strata. 
Fig. 122. 

L~~ 
/:i. &ra. L. S . T. M. L. Gnci8s. 

Fig. 123. 

A 

Gnei~s. lfE 
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I expect, that ff the region bt:=lween the Taconic range and Hudson River be carefully exa.m

foed, more than one fold~d axis will be found. But to suppose only one is sufficient to illustrate 

the subject. On so limited a sketch it is impossible to represent the numerous alternations of 

strata that occur in Berkshire. But a general rese111bl:rnce between the sections above given 

nnd the actual character of the rocks, is all that is necessary to illustrate the argument. 

Jn the second place, such a supposition explains satisfartorily, why the strata in the valleys of 

Berkshire have generally a less dip and more irregularity of dip than those upon the mountain!f. 

This wilt be obvious by an inspection of Fig. 123. It will there be seen that the strata might 

c,·en he horizontal at the bottom of the valleys, and that every degree of inclination might result 

from denudation; which would of course be very difft!rent in different places. I am inclined, 

also, to believe, that it is in a great measure owing to denudation that the limestone rises in no 

place but a few hundred feet above the bottom of the valleys. For limestone is much more 

liable to he worn away than its associated slates. The fact, however, that little limestone is 

found upon the mountains, seems to me very difficult to explain satisfactorily. In 
no place have I noticed pure limestone more than 200 or 300 feet above the bottom of the val

leys i and the same holc!s true, so far as I can ascertain, in the same group of rocks from Canada 

to Tennessee. Hence we may safely infer that the fact results from some very general causu. 
In the third place, there are some facts that leat.l us to belie,·e that there exists in the western 

part of Massachusf>tts, extensi,·e fractures, or faults, coincident in direction with the ranges or 
mountains. One of these is the existence of thermal springs, at \Villiamstown, New Lebanou, 

and Mount Washington. For in almost every other part of the world such springs indicate 

fissures in the rocks, reaching to a great depth. Another fact is the extensi,re dolomitisation of 

the limestone which has taken place in the county, and which l shall soon describe more par. 

ticularly. Such a metamorphosis is found almost always to be connected, either with the pro· 

trusions of unstratified rocks, or with dislocations of the strata. The former cause cannot ho 
assigned in this case, because unstratified rocks are scarcely found in the county. Now if such 

extensive fracture' do exist in that region, it indicates the operation of some very powerful dis
turbing agency in early times. 

In the fourth place, such a disturbance is readily admitted on a small scale. 
If a section no larger than Fig. 122, were constructed of yielding materials, 
and then a force applied at the two extremities in opposite directions, we can 
readily admit that the layers might be bent into the contortions on Fig. 123. 
)Ve sometimes see that this has actually been done in the layers of diluvial 
clay, as shown on Figs. 70 and 71, p. 362, and 363. Nor would the requi
site opposing forces need to be of much power to produce such au effect. 
Probably, however, it would be necessary to admit that a strong pressure 
from above must accompany the lateral pressure. 

In the fifth place, why should we hesitate any more to admit that a similar 
folding and inversion of the strata would take place over a breadth of 50 
miles, and 800 miles in extent, provided we can find in nature opposing forces 
sufficiently powerful to accomplish the work, and a weight sufficiently heavy 
to hold the strata in place during the operation. If I could take a series of 
plastic layers, 6 inches in length, arranged as in Fig. 122, and by a pres,ure 
wilh my hands at the two extremities, produce the flexures on Fig. 123, 
why would it not b~ equally easy for a being sufficiently pQwl'rful, 
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to do the same with a series of strata 50 miles broad~ Is not the great 
difficulty which we feel in this case, that we are not familiar with the 
exertion of such a mighty force as this operation implies 1 I confess I do 
not see why the contortions are not as easily made, if there be adequate 
power, on a large as on a small scale. 

Finally, adequate agencies for this work exist in nature, and have often 
been in operation. I refer particularly to the force that has ridged almost , 
every part of the earth's crust into lofty mountain ranges. We will take for 
illustration the theory of Elie de Beaumont, that this work has been accom
plished by the shrinking of the heated nucleus of the earth, whereby its 
envelope, becoming too large to wrap closely around the nucleus, sunk clown 
in some places and was forced up in others; so as to be more or less regular
ly plicated. The parts that sunk by the force of gravity would exert a pro
digious lateral force upon the intervening strata, and inevitably force them 
upwards; and if in a plastic state, the layers must be bent and folded 
in every conceivable manner. This lateral force would evidently act at a 
mechanical advantage ; and if the mass drawn downward by gravity was 
thick and large, the force exerted would be prodigious. Suppose for instance 
that the strata over New England and New York were 'i miles thick, and in 
a yielding state, from the effects of internal heat. Let this crust become weak
ened along the lines now occupied as the beds of Connecticut and Hudson 
rivers, so as to sink down by gravity into the vacancy beneath. What could 
resist the lateral force which would thus be exerted upon the strata lying 
between the two lines of depression, and which might be supposed to be pres
sed down beneath a deep ocean! Suppose they were thus so elevated as to 
become, say along the present ridge of 1-Ioosac mountain, the highest land 
in New England or New York. Then this ridge would become the place 
of least resistance over the whole area; and the strain upon the rocks at a 
great distance might be more or less relieved by crowding the whole crust 
towards that line, and thus forcing up the stl'ata there to a great height. 
And if from any cause the pressure should be the greatest from the west side, 
it is easy to see that the strata, as they were crowded upwards, might move 
more to the east than the west, and thus might they fall partly over towards 
the west, and assume an inverted dip ; especially after their upper portions 
had been worn away. 

I might extend the same hypothetical reasoning to the whole of that im
mense baud from Canada to Tennessee, which I have supposed might, in a 
similar manner, have been ~ubject to this mighty agency. But it is difficult 
to bring up the mind to the contemplation of the work, even as it shows 
itself in Massachusetts and New York. Frequently, as I have stood upon 
some of the loftiest points of the 1-Ioosac and Taeonic mountains, have I tried 
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to realize that all those immense ridges, that stretched away on every side 
as far as the eye could reach, had been once lifted up and tossed over. And 
then have I tried to realize that perhaps this same agency may have extend
ed along a belt stretching almost through the United States. And I confess 
that my mind has staggered under the mighty thought, and I have involun
tarily exclaimed, that such a work could have been performed only Ly Him. 
who meted Ott/ heaven with a span, and comprehended the dust of the earth 
in a measure, and weighed the mountains in scales, and the hills in a balance. 

According to the views which have now been suggested, it will follow, that 
wherever we find the limestone of Berkshire county enclosed between 
strata of gneiss, it must be regarded as the ol<lest variety of that rock, or pri
mary limestone. ·where it is interstratified with mica and talcose slate, 
although more recent than that in gneiss, it ou~ht still probably to be regard
ed as primary. But when we find it above these rocks; (and a part of that 
in the county, especially along the western side of the valleys, may be of 
this description, being tbe remnant of the deposit which once folded over the 
Taconic, as Fig. 123 will show,) then, as it lies immediately beneath clay 
slate, it may be what is called primary, or what is called transition, according 
as we place clay slate in the one class or the other. Still more decidedly 
transition is that limestone lying between the clay slate and the graywacke 
in New York; although I believe even in this no organic remains have been 
found. But after all, I am by no means satisfied that these views are correct; 
and shall cheerfully abandon them when sounder ones are offered. I have 
done all that I can to unravel this difficult subject. 

lmpregnation of mica and talcose slates with Carbon. 

A very curious fact has arrested my attention at a few places in Berkshire county, respecting 
the inAuence of limestone upon the slates with which it is interstratified. For several feet nt 
least from the junclion of the two rocks, the slate is considenbly charged with carbon, so as to 
appear black. The best locality to which I can refer for an example, is at Kent's limestone 
11uarry ne:l.r the center of New Ashford. The limestone and mica slate here dip to the east about 
30Q; and the latter rock is succeeded, within a few roJs, by talcose slate. An<l it is a singular 
fact, which I have mentioned in another place, that] have nenr sef'n the rea1 talcose slate lying 
in direct contact with the limestone; though probably it may be found in this situation. But 
a band of what I call mica slate always intervenes between the two rocks. I cannot but suspect 
strongly that this fact has some connection with the impregnation of the slate with carbon; nor 
can I avoid inquiring whether after all, what I call mica slate may not be an altered talcosc 
slate. An obvious source from whence the carbon might have been derived, is the carbonic 
acid of lhe limestone: And -yet lhe heat must have been very iutense, or other circumstances 
favorable, in order to effect the decomposition of that gas. But I will defer any farther remarks 
upon this point, till l have considered the origin of dolomite: for perhaps we may discover 
another source whence the carbon was dc1ivcd. 

74 
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I have never met with any fact respecting the impregnation of the slates with carbon, 

analogous to the one above detailed, except in the Report of Professor W. W. Mather, upon 

the Geology of the eastern part of New York, wherE" it is mentioned that the ta\cose slate of 

West Chester and Putnam counties, "at its junction with the gray and whitish limestone, is 

highly loaded with carbon and pyrites." (Reportforl838. p 88.) This limestone and tnlcose 

slate are a continuation southwesterly of the same rocks in Berkshire county. 

Dolomitisation ef the Limestones of Massachusetts. 

It has been found in Europe that carbonate of lime, or common limestone, 
when in contact with certain unstratified rocks, or near faults and disloca
tions, becomes impregnated with silica, alumina, and especially with magne
sia. Similar changes have taken place in the limestones of Massachusetts ; 
and a detail of the facts on the subject becomes important. 

As a general fact it may be stated, that where our beds of limestone occur in gneiss, or in 

sienite, and hornblende rock passing iuto grcenstone, they are more or less magnesian and charged 

with silica and alumina.; as will appear from the Table of Analyses on page 80. At Newbury 

and Stoneham the beds are in sienite, and al Smithfield and Newport, Rhode Island, they are 

near either sienite or granite ; atJd at all those places the limestone is more or less charged with 

magnesia: although the specimen analysed from Newbury shows but little. But that specimen 

was by no means a fair representative of the limes.tone there. The beds in Bo\t{)n, Bo~xborough, 

Chelmsford, Littleton, Natick, Concord, Milldlefield, Becket, and the south part of Tyringham, 

are also magnesian, with one or two unimportant exceptions, a$ at Concord, anJ some of the 

specimens at Natick: and most of them are loaded with earthy impurities. In very few of these 

localities <lo we find any unstratified rock in immediate contact with the limestune, ahhough the 

gneiss containing it is frequently traversed by granite veins and is itself highly granitic. 
The Table of Analyses will show, that some of the fetid limestone of the new reel sandstone 

in Springfield and West Springfield, especially the septaria, is magnesian. But I can hardly be

UP.ve that in this csse there is a connection between this fact and the : .. rnstratified reeks. For 

these are usuaily distant from the limestone at least a mile or two, and in the only case where 

they are in contact, at Paine's quarry in West Springfield, the rock is not ma~nesian. 

But the most perfect and extensive example of dolomitisation in Massa
chusetts, may be found in Berkshire County. Along the western base of 
Hoosac Mountain, that is, in the eastern part of the valley of Berkshire, 
dolomite prevails extensively. A good deal of the rock is a pure crystaline 
double carbonate of magnesia and lime; as in Dalton, Lee, Tyringham, &c.: 
and generally it is but little impregnated with earthy ingredients, as may be 
seen from the Table of Analyses. The geological map and the sections will 
show, that although this magnesian limestone is not far removed from gneiss, 
yet it is in fact interstratified with mica slate, and perhaps quartz rock. As 
we pass westerly in the county, the limestone becomes less and less magne
sian. Yet in all parts of the county, we find it occasionally dolomitic: and 
frequently one layer or stratum is charged with magnesia, while another, not 
far distant, is almost free from this earth. 
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Throughout the whole of the limestone district of Berkshire, there are scarcely no traces of 
the existence of unstratified rocks. But if the views lh?.t have been presented respecting tbe 
folding an<l overturning of the strata there, are an approximation to the truth, we should expect 
the existence of extensive faults. And by consulting Fig. 123, it will be seen that the strata at 
the western base of Hoosac Mountain must have been powerfully contorted; and, therefore, 
they would be liable to extensive fractures, just along the line where the dolomite is most 
abundant. 

From these fa~ts, therefore, I think we can safely say, that all the cases of 
dolomitisation in Massachusetts, occur either in the vicinity of a fault, or ot 
unstratified rocks, or in the midst of gneiss, where the evidence of the pow
erful action of heat in the induration of the limestone, and the obliteration 
of its stratification, is as great as results from the presence of unstratified 
rocks. The facts in this State, then, are in correspondence with those in 
Europe on the same subject. 

But what is the mo<le in which this metamorphosis has taken place 7 The 
theory is, indeed, involved in some difficulties. But all geologists will agree 
that heat is the principal agent. In some instances it appears highly prob
able that magnesian limestone has been deposited directly from thermal wa
ters : as was probably the case with the septaria of Springfield. But gen
erally in Massachusetts, it was probably produced by gaseous sublimations, 
chiefly of carbonate of magnesia, which penetrated the rock after it had 
been softened by heat, so as to be permeable. In some cases the impregna
tion was so perfect and thorough, that the rock was entirely converted into 
crystaline dolomite. In other instances, the work was only partially accom
plished. This will explain wby it is, that we find so many different propor
tions of magnesia in limestone, even in specimens lying within a few feet of 
one another. Ami it explains, also, why some beds of limestone bave almost 
entirely lost all traces of stratification, and others retain but slight marks of 
parallel divisional planes. In Massachusetts I think it is true, that the 
marks of stratification become obscure, nearly in proportion to the amount 
of magnesia which the rock contains: and when a perfect double carbonate 
is formed, it is as much unstratified almost as granite or trap. _ Jn such cases 
I doubt not but an almost perfect fusion bas taken place in the limestone, 
though under strong pressure. 

If we suppose that dolomitisation has resulted from the sublimation of 
carbonate of magnesia, it is not difficult to imagine how some of that salt 
might be decomposed, the magnesia become a silicate, or some other salt, and 
the carbonic acid impregnate the slaty rocks which enclose the limestone. 
Here it might be decomposed, its oxygen go to peroxidize tbe iron and other 
metallic substances in the slate, and the carbon remain disseminated as we 
find it. The carbonic acid of the lime might, also, have been sometimes 
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driven off and have undergone the same change ; and in both these ways, we 
see how the slate might have been charged with carbon, and the silicates of 
lime and magnesia, which form several minerals, have been produced. The 
silica and alumina found often in dolomitised limestone, may have been intro
duced by means of intensely heated water or steam. 

The fact mentioned on a preceding page, that I have always found what J call a band of mica 
a;late lying between the limestone and the talcose slate, leads me to make a s11gge$tion respecting 
another mode in which perhaps some magnesia might have been procured for the process of <lo
Jomitisation. The most important points of difference between the composition of talc an<l mica 
consists in the large quantity of magnesia in the former, and of potassa in the latlt:r. Now is it 
not possible, that by means of heat and galvanic action, the magnesia might have been abstracted 
from tbe talc and transferred to the limestone ; and the remaining ingredients of the talc have 
seized upon a portion of potassa, that might be supposed to exist in the rock, and become con. 
verted into mica, so that for a certain distance on each side of the limt·stune, only mica slate 
ahould be found? That such chemical changes would be possible will be admitted: but whethC'r 
they are probable, is more than I shall undertake to say. 

Such are some of the marks of the powerful action of internal heat upon 
the rocks of Berkshire county. To the geologist and the chemist they are 
as striking and convincing almost, as the lava and the smoke of Vesuvius are 
to the common observer. But though this agency must have been powerful 
when vast masses of limestone were melted and converted into dolomite, and 
huge masses of slate impregnated with carbon, yet the only agency now ex
erted by these almost smothered Solfataras, is to raise a few degrees the tem
perature of two or three springs.* 

.Mineral Contmts of the Berkshire Limestone. 

By for the most important mineral connected with the limestone and mica slate of Berkshire 
County, is the hydrate of iron, or limonite. The localities, amount, and economical value of this 
ore, have been so fully pointed out in the 6rst part of my report, that I need add nothing more in 
th.is place It only remains to consider the true situation of this ore in the rocks. 

I have not been able to find the actual junction of this ore with any rock except cliluvium. 
But Foss' bed of hematite, in Dover, New York, six miles west of Housatonic ri\'er, lies upon 
the east side of a narrow valley, bounded on both sides by mica slate. The slaty structure of 
the ore is quite distinct, and the dip and strike correspond to those of the slate clc1se by. At the 
large deposit in West Stockbridge, the same thing may be seen: although nothing but diluvium, 
or perhaps alluvium of disintegration, now appe::irs al the sides of the bed. A few years !::iincc 
I took a sketch of the south ·wall of this excavation, and Section M. on Plate 55, will show its 
appearance. It will be seen that the slaty structure of the ore has the s<nne large easterly dip 

pa::d ~~t~ t~~:s~ ~hfe o:~:.:~:;~::er ~et\~c E~;li:::. ge;:;a1ll:1~nn:te:~1:~~:t ~0s::~~i:0n~1 ~h:t0 l~:cr~:~1~:~y11~;::~~ 
be found a liule ~ore elevated than the latler; and thus show that the intt:rn:il agency spoken of 

111 
~he ll'xt, is yet operatmg more widely than is supposed. 
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\vhich iii common in the slate of that region. Jn several places, as in Richmond, beds of lim~ 

stone lil' \'ery near the ore; but the actual junction is concealed. Upon the whole, I inft-r that 

this ore forms beds interstratified with the mica slate and limestone: but l have no evidence that 

it lies exclusively either in the slate 01· the limestone. Perhaps it may exist in both, or lie be

tween them. This point will be settled when the beds have been explored deep enough to reach 

the boltom of the soil around the ore. Yet if we admit that the ore forms beds in either of 

these rocks, it i.3 of little consequence in an economical point of view in which rock it occurs. If 

it does form beds, then we may look upon the mines as inexhaustible; since there is no probability 

that their bottom will ever be reached. 
Jn the hematite bed of West Sto<"khrirlgt>, wP somPlimPo; mr•Pf '''ith a fthrous variety of pyro

lusite. ll occurs, also, at other deposits of hydrate of iron, and especially in Bennington, Ver

mont, where large quantities have been obtained. Since the first part of my report was printed, 

I have received specimens of this ore from the northwest part of Sheffield, near the base of Mt. 

1~verctt, where an exploration is now going on in search of it. It exists there, so far as I can 

learn from the description of others, only as a loose mass in soil; or rather, just as the beds 0£ 
hematite occur in other parts of Berkshirt!. Yet limestone is found in pla<"e near the spot. I 

belie,•e the quantity of ore obtained, has not yet been large. 1 ba,·e marked the locality upon 

the Geological Map. 

At sever;:il of the ore beds in Richmond, and especially at one owned by Mr. Gates, occurs an 

almost pure hydrate of alumina; which Professor Torrt'y has named Gibbsite, in honor of Col. 

George Gibbs, an early cultivator and munificent patron of minP.ralogy in our country. lt usu· 

ally occurti mammillary and stalactical, of a white color. But in the collection of Mr. Anthony 

Clark of West Stockbridge, 1 was shown specimens of what appears to be Gibbsite, crystalised 

in delicate needles, disposed in tufts upon mammillary masses of the same. This was from the oro 

bed in that town, and No 1705 is a poor spt...-cimen of the same. I cannot make out the form 

of the crystal from any specimen in my possession: hut I think it may be done y,·ith Mr. Clark's 

spec.imens. This mineral is said, also, lo have been found at Lenox. No. 61 wjll giveao idea 

of its usual appearance. Mr. Clurk also g:ive me a s;>ecimen of mnmmillary hydrate of iron, cov
ered with a beautiful df'ndritic impression, probably of manganese. (No. 1691.) The compact 

carbonate of iron, which is perfect Sphaerosiderite, ft0m the same ore bed, (No. 1689,) ha;1 been 

eufficiently described in the fost p.1rt of my report: as has also the galena and pyrites from Al

ford (No. 1984 ) 
White augite, in distinct cry~tals, is found in the dolomite of J3erkshire county. I have met 

with it in Tyringham; {No. 197-1,) hut it occurs in much greater abundance in Canaan, Conn. 

Tremolite is still more common there, and in Bcrbhire. Jn Sheffi<:ld the fibres are sometimes 

more than two reel long, and embrace crystals of iron pyrites; and there it has been mistakeu 

for petrified wood. Sometimes the fibres arc fine and delicate lo Great Barrington it occurs in 

distinct bladed crystals: but the bf'al localiry I ha,·e found of these cryst:>.ls, is half a mile, or a 

mile, southwest of the meeting house in Lre, nl a lime quarry. The crystals are beautifully 

distinct, ohbough seldom ishowing any r<.'gufor terminations. (Nos. 1976, 1977.) Tons of tbi:i 

mineral might be obtained here in a few hou s. I have noticed tremolite also, at the limestone 

bed in the S. E. part of Deckct. lt has been said that yellow tourmaline occurs in the limestone 

of this county. Perhaps it is only a yellow 'nriety of tremolilt'; such as I take No. l!JSO to 

lje, from L~·nox.. Jn a few instanct>s J have found a mineral, n11 in Becket and A~ams, which I 

take to he s1 hcne. (Nos. 1981, 19<'2) 

On lhe farm of 1\Ir. Phelps, in the south r:irt of Williamstown, occur; :l fine locality of <'rys

talized quartz. lt forms Jrusy ca,·itie~, a few inches wide; aDll some of the specimens ob

hined thl!re are very be.luliful. (No. 1J86.) In the s:1me vicinity, o:i land of Deacon Torrey, 

the limestone and quartz aro sometimes coated with a thin fi!m of carbonate of cop_>er Crys-
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talized calcareous spar is frequently found connected wilh this limestone in various forms. In 
several caverns in New Marlborough, Lanesborough, &c., we find stalactites; but none of them 
are remarkable. (No. 1978.) Agaric mineral is said to exist in a ca\•ern in 'West Stockbridge, 
and calcareous tufa is said to be deposited by some springs in Williamstown. 

Theoretical Considerations. 

The question whether all the beds of limestone on the globe have origina
ted from the remains of animals, or in part resulted from chemical deposition, 
will probably be better understood when some preliminary facts have been 
stated in the Fourth Part of my Report. I shall, therefore, in this place, 
only make a few remarks on the probable metamorphic character of most of 
the deposits in Massachusetts. 

It might be supposed that where limestone occurs in unstratified rocks, as 
at Newbury and Stoneham, its origin must be igneous. But I have every 
reason to suppose that in these cases the sienite is only a portion of a gneiss 
formation, which has undergone fusion to a great degree. For portions of 
the rock still retain a slaty or stratified structure. Hence the limestone may 
also have formed originally stratified beds in the gneiss and been deposited 
from water. The same may be said of the tubercular masses, Ol' beds, of this 
rock, found in gneiss. In a few of these, however, as on the Western Rail 
Road in Becket and Middlefield, at the mouth of Cole's Brook, we find a 
distinct stratification ; and hence it is reasonable to infer that originally they 
were all stratified ; and have been so powerfully heated afterwards, as to 
nearly destroy the parallel divisional planes, and in fact to form ienstratijiecl 
limestone. Professo1· Emmons supposes that all primary limestone ought to 
be regarded as an igneous unstratified rock, like granite. And he has pointed 
out many curious facts resp€cting the occurrence of such rock in as distinct 
veins in granite as any of the unstratified rocks can exhibit, in St. Lawrence 
and Essex Counties in New York. (Report on the Survey of J•lew Yor!..,for 
1838, p. 196.) But if the limestone imbedded in gneiss ever shows a dis
tinct stratification, as I think is the fact at the locality above mentioned, is it 
not a strong presumptive evidence that all these beds in gneiss were origin
ally in the same condition? The phenomena of dolomitisation in Berkshire 
County, throws light on this subject. For we there find all possible inter
mediate conditions between a stratified and unstratified structure, correspond
ing generally to the amount of magnesia in the rock : the unstratified masses 
being generally pure dolomite; as we might expect; since the more perfect 
the fusion, the better the opportunity for the magnesia to be introduced. I 
have met with no cases in Massachusetts in which limestone exists in veins 
like those of granite, sienite, and trap : but had the fusion of the rock been 
more perfect, I see not why veins might not have been produced under a 
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pressure sufficient to retain the carbonic acid. And yet, I am not prepared 
to say that veins of carbonate of lime may not have been produced by ig
neous action alone without any previous organic agency: but I must con
sider the conclusion probable, that all the limestones of Massachusetts were 
originally deposited through the agency of water, and subsequently subjected 
to a powerful metamorphic agency. 

9. QUAllTZ ROCK. 

Among the older rocks geologists have not been able to dbcover any uniform order of super
position ; although each one of them is most likely to be found in a particular connection. But 
the same rocks are also found in several other connections, so as to render all attempts to fix 
their exact place in the scale unsatisfactory. Our rocks are as unmanageable in this respect as 
those in Europe, but no more so; showing that the same general causes have produced them on 
both Continents. I have already shown tbat our limestones are of various ages, and the same is 
true of quartz rock, hornblende slate, and some others. Amid this great uncertainty, as to the 
place in tbe series which the older rocks ought to occupy, it is nc.it easy to decide what is the 
best order of describing them. lt will be observed that I do not follow exactly the same order 
in the account of the rocks which J am now giving, as is followed in the tablets attached to the 
Map. The order which I now follow, and which agrees with that given, in the Tabular View 
of the rocks on page 303, accords, as nearly as I can determ'ine it, \Vi th the order of natue: 
whereas on the Map, 1 was obliged to ha \'e some reference to com•euience of exhibition ; one of 
the groups being miscellaneous. 

Lithological Oltamcters. 

Quartz rock ·was first described by Dr. Macculloch ; and its chief ingredient, as its name im
plies, is quartz. But it takes into its composition, mica, feldspar, and sometimes blue schistose 
clay. The following varieties are found in Massat:husetts. 

1. Pure Quartz. This exist in several states. First, hyaline, white: generally in beds in 
mica slate. Secondly, compact, white, or reddish, or dark blue; in blds in argillaceous slate. 
It is quite obvious that this blue variety has, in some way or other, been coloured by the slate i 
either when first deposited from a:iueous solution, or when subsequently melted, if it ever has 
been, by heat. Thirdly, coarse, granular, color gray, or reddish. These are the most common 
yarieties. Fourthly, fine, granular, or arenaceous; sometimes disintegrated so us to form 'a 

beautiful white san<l. (Nos. 545 to 565.) 
2, Granular Porous Quartz, or Pscudo-Buhrstone. In the west part of \Yashington is a porous 

quartz, which has been considernbly employed as a substitute for the French Buhrstone, as 
u1illstones. It does, indeed, a good deal resemble buhrstone, except that it is more uniformly 
porous, and the quartz has more of that brittle character and hyaliue aspect, that are exhibited 
by this mineral in the oldest rocks. lt also sometimes contains mica, and fragments of horn
blende and feldspar. It was not till recently that I was able to ascertain the origin of this rock.. 
I find it to be a variety of gneiss rock, wh@e feldspar has decomposed and disappeared; and in 
which quartz was greatly the predominating ingredient. No. 2284 exhibits this rock before the 
decomposition of the feldspar, and No. 567 its appearance when that is gone. In the west part 
of Washington, near the H,lusatonic, 4 or 5 miles south of the spot where millstones are pre
pared, these rocks may be seen in all st~ges of the process between the gneiss and the buhrstonc . 
.As we pass from the river up the hill eastward, we first find ia perpen<liculair strata, a con ... 
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glomerate quartz rock; next a narrow stratum or th~ bubrstone passing into tT1e gneiss; next 
mica slate; then gneiss; and all within less than 80 rods. This spot lies nearly east of Lenox 
center: but being covered with thick woods, through which a considerable brook passes, it is 
difficult of access, and observers are apt to pass it unnoticed. But [ apprehend we have a key 
here to the somewhat difficult formations in the west p:irt of Washington. 

I am unable to perceive why the feldspar of this gneiss should so easily 
decompose. It usually leaves behind a coating of a yellowish powder; 
which, however, does not look like a hydrate of iron: and it would be inter
esting to have this foldspar carefully analyzed to ascertain its composition. 

3. Quartz and Feldspar; the former in much the largest quantity. This variety usually occurs 
in connection with gneiss, and not in large quantity. (Nos. 571, 593, 600.) 

4. Quartz and lJfica. This differs from mica slate, only in the predominance of the quartz:. 
Usually this mineral is greatly in excess: but occasiooally the q,uantity of mica increases so 
much that it is impossible to say of particular specimens to which rock they ought to be referred. 
In such cases I have taken into consideration the character of the surrounJing region. lf mica 
slate predominates, and there be not an actual pas~age into decided quartz rock, I have thQught 
it useless to describe the rock as quartz rock, even if for a considerable extent the quartz pre· 
dominates. Such cases as this are common in the mica slate range extending from th~ mouth of 
the Merrimack to Connecticut. And on the other hand, if quartz rock predominates, an occas· 
ional excess of mica in some of its strata has not prevented me from considering the whole as 
quartz rock. 

The mica in this v:iriety is arranged ill a parallel position,and it produces a schistose structure; 
though sometimes the laminre are so thick that they ought rather to be regnrded a:; strata. In 
other instances, the schistose layers are extremely tortuous and very distinct from the stratifica
tion. I have observed this circumstance only in Berkshire County, as in Lee. (Nos. 572 to 
580 ; and 587 to 592.) 

5. Q1tartz and Talc. Some of the talcose slate in Hawley, Plainfield, &c., occasionally be
comes a slaty arenaceous quartz, with Sf'ams of greenish talc. (Nos. 581 to 583.) Its color is 
white, and this rock, in Hawley and Rowe, seen ata distance, resembles gneiss. It is obviously 
a member of the talcose slate formation; and it may be questionable whether it outTbt not rather 
to be described in connection with that formation. 

0 

6. Qitartz afld Hornblende. lnstead of talc, the white arenaceous quartz described under the 
last variety, sometimes contains numerous distinct crystals of black hornblende. (Nos. 584, 585.) 
lt forms a beautiful rock, and if it would a<lmit of a polish, might be employed for ornamental 
purposes. lt is less abundant than the preceding variety. In the gneiss formation, there is 3 va
riety in which greenish hyalin~ quartz contains flattened imperfect crystals of actynolite. 
(No. 584.J 

7. Quartz and-Argillaceous Stale. I liave observed this only in Bernardston, in connection with 
the fossiliferous limestone. (No. 601.) The quartz is whiie and blue1 and exhibits a brecciated 
structure. It was probably colored by the slate; but very few frogments or layers of sl<1te are 
now visible. 

8. Quarlzose Breccia. This consists of angular fragments of granular quartz, cemented by 
oxide of iron ; or of fragments of mica slate, surrounded by radiated quartz. The variety found 
in bowlders in Leverett and Amherst, (I have no doubt that tbe bed from which they were de
rived is in Leverett,) contains but very little iron, scarcely more than enough to give a part of 
the fragments a reddish hue. (Nos. 602, to 608.) Another variety I have found in Amherst, in 
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connection with the gneiss formation, in which the cement is magnetic oxide of iron. But the 
most interesting variety exists in numerous bowlders along the western slope and base of Hoosac 
mountain. It consists of angular fragments of white and reddish granular quartz cemented by 
brown hematite. (Nos. 604 to 606.) Jn the cavities the hematite is often iridescent and 
mammillary; and the coat investing the fragments, fibrous. The largest bowlJers of this rock 
that I have seen, (six to eight feet in diameter,) occur on the Pontoosic turnpike from Pittsfield 
to Springfield, in the south part of Dalton, at the foot of the Hoosac range. But I have never 
found this rock in place. It may be that the loose fragments have all proceeded from a huge 
vein of this breccia. But from their size and abundance, I rather presume that this rock will be 
found as a bed in the common granular quartz of the vicinity. I found one bow1der of this rock 
ten inches in diameter, in .Southampton, only two or three miles from Connecticut river; afford
ing another proof of a northwesterly diluvial current in former times. 

Professor Dewey remarks, that in Great Barrington and Sheffield the fragments of quartz are 
united by a cement of quartz. 

The most common gangue of the lead and manganese ores in Hampshire and Franklin 
Counties, is quartz. In a majority of cases it is radiated quartz investing nuclei of micaceous 
slate. Thus is produced a very curious kind ofbreccia. (No. 608.) And since these veins are 
sometimes six. or eight feet thick, the quantity is great enough to deserve a notice in this con-
nection. 

9. Quarl:ose Conglomerates . This consists of a paste of quartz and mica, in which are im
bedded numerous distinctly rounded pebbles of granular or hyaline quartz. (Nos. 609, 610.) It 
possesses as completely the characters of a conglomerate as any of the puddingstones of the 
secondary formation. I have never found it in place; and suspect that it underlies the gray
wacke west of the Taconic range. Its bowlders are not uncommon on the west slope and the 
top of Hoosac mountain. In Windsor I found them unusually abundant. I have even found 
small bowlders in the Connecticut valley, in Deerfield. lt appears to be identical with the 
Conglomerate Quartz Rock of Macculloch. (Geological TransacliQ11S 1 Vol. J. p. 60. Second 
Series.) The size of the imbedded pebbles is usually about an inch. It greatly resembles the 
rock that constitutes the first ridge of the mountain range on the east side of Wyoming valley, in 
\Yilkesbarre, Pennsylvania; and which there underlies the anthracite coal formation. 

I have already alluded to another Yariely of conglomeritic quartz rock which is found in the 
west part of Washington (possibly in Lenox,) connected with gneiss rock. It forms the west 
side of the hilJ, and passes first into the gneiss that produces the buhrstone, then into mica slate, 
then into common gneiss, as we go eastward up the hill. This rock is composed of tolerably 
distinct i1ebbles of granular gray quartz about the size and having somewhat of the elongated 
shape of almonds. The cement seems to be a mixture of comminuted quartz, feldspar, and a little 
mica. Although the pebbles are so much rounded that they must be regarded as of mechanical 
origin, yet the attrition docs not appear to have bt>en as thorough as in some of the more recent 
conglomerates. The situation of this rock requires us to regard it as deposited towards the close 
of the perio<l when the gneiss was deposited or immediately after. In the fragments that com
pose gneiss we see evidence of some degree of mechanical disturbance: but in the production 
of this rock, that disturbance must have been still greater. (Nos. 2030, 2031.) 

Topography of Qu.artz &ck. 

On the Map l have represented all the quartz rock in the State(e.~cepting that connected with 
the graywacke,) as associated with mica slate, talcosc slate, or gneiss. lt is also more or less 
connected with other rocks; as with Limestone in Berkshire, and with argillaccous slate in 
Bernardston. But in all other cases, ucept in regard to gneiss and mica slate, it is little more 
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than a juxta-position of the two rocks; whereas the quartz rock alternates with, and passes im

perceptibly into, gneiss and mica slate. And in fact it might be regarded very properly as a. 

member of the gneiss and mica slate formations. 

The range of mica slate extending from Webster to the mouth of the Merrimack, oflen passes 

into genuine quartz rock, and generally contains a large proportion of quartz. In the south part 

of this range, in Webster especially, I noticed quartz rock to be abundant. 
The gneiss formation on the east of this mica slate, especially near the south part of Worces

ter County, is associated with extensive strata of quartz rock. In Sutton, and the vicinity, the 

lalter occupies a considerable part of the surface; and there I have delineated this rock on the 

Map extending to Uxbridge. I have noticed it in several of the towns northeast from Sutton, 

interstratified with gneiss and hornblende slate. In the eastern part of Franklin County, in New 

Salem and \Var wick, I have met with it in strata of a few feet wide interstratifie<l with gneiss. 

Along the western border of the great gneiss range of Worcester County, is another narrow 

stratum of quartz rock, in some places associaled with the gneiss, sometimes with hornblende 

slate, and sometimes with mica slate. Mica slate is Commonly associated ,-,.-ith this rock north 

of Leverett. On the opposite side of Connecticut ri\·er, in Northfield, Mass. and Vernon, Vt. 
quartz rock forms one of the members of a series of mica slate passing into gneiss, hornblende 

slate, and argillaceous slate. In Vernon it is liable to disintegration snd has been employed for 

the manufacture of glass. In Bern:irllston, where it approaches the clay slate, as already re

marked, it occasionally takes portions of that rock into its composition. But generally in Lever

ett and Northfield, it is that variety which contains mica. In Granby and Palmer, it is con

nected with hornblende slate and mica slate. 

Berkshire County, however, contains the principal repository of quartz rock. lt i:s there inter

t;lratified frequently with gneiss and mica slate, especially along the eastern side of the valleys of 
that County ; as in Tyringham, Great Barrington, and Sheffield. It accompanies the gneiss 

nJso, in Savoy and Cheshire. In the former place, not much west of the miJdle of the town, 

the rock is disintegrated, as it is in Cheshire, from whence it is obtained for the manufacture of 

glass. In Samy it occurs near the top of Hoosac mountain ; but probably Bald Mountain in 

North Adams and Clarksburg, is the highest mountain composed of this rock. In the south part 

of the County is Monument mountain, a thousand feet above the sea, composed of granular 
quartz. Several other ridges less elevated arc made up of this rock. 

In connection with the gneiss in the southeastern part of the State, it may be remarked, that 

quartz rock occurs in considerable quantity, as ] have noticed in several places, having an 

ngatized structure. That which ] found in Rochester, is quite beautiful, a polished specimen of 

which may be seen in the Collection. (No. 1109.) This variety is somewhat abundant. 

Dip, Direction, and Character of the Strata. 

lt requires in many cases careful attention to disc.em planes of stratification in the purely 

granular quartz of Berkshire County. They are never, however, wanting for any considerable 

extent. And frequently lhere exist divisional planes producing joints or rhomboidal masses. 

The s.une is. true of the quartz in m<).ny other parts of the State; as in Leverett, Northfield, Sut
ton, &c. (Nos. 577, 2007, 2009.) 

N. Adams, 
Clarksburgh, Bald Mt. 
Williamstown, Bald Mt. V{_ Base . 

do. 1-2 mile S. of College. 

Strif<e. 
N. and S. 

do. 

d<>. 
do. 

n;p. 
E.25" 
E. 20q to 30° 

E 45. 0 

E. 30° to 40° 
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Strike. Dip. 
Washington, W part Quarry. do. E. 90<,;;; nearly. 

do. near the same Quarry. do. \.V. 10° to 15.0 

Lee, N. part. ilo. E . 45.a 
Deartown Mt. S. Side. N. W. aod S. E. N. E. Small. 
New Marlborough, Umpacher:a Falls. Horizontal. 
Windsor, N. W. part. E.an<lW. N25.a 

Be~~a:~:~~~u~~i~~-rthfield, W. ofl N. and S. l E. 20a to 60.a 

NortbfielU, South Mt. do. nearly. E. large. 
Palmer and Monson, near R. Road. N, 25°E. W. 60a to 70.a 
Southborough. E. and W. nearly. N. large. 
Oxford and Webster. N. and S. nearly. W. 20° to 45.0 

Between Webster and Franklin. N. W. and S. E. N.E. 
Sutton. E.and W. W. 30° to 35.0 

Uxbridge, S. W. part, Galena Vein. N. E. and S. W. S. E. 30a to 60.a 
do. Melville. N. W. and S. E. N.E. 

Cumberland, R. I. S. part. N. E. and S. W. N. W. large. 

Ia general, quartz rock exhibits great di~tinctness and regularity of stratification, particularly 
the variety containing mica. Where the mica is in small quanlity, the thickness of the strata is 
considerable; but as the mica increases, the layers are thinner, until at length the rock becomes 
schistose. At the quarry in Washington, near the buhrstone locality, the stratified structure i11 

beautifully exhibited; and it results from a minute quantity of mica, in scales scarcely visible to 
the nalrnd eye. 

In general lhe dip and strike of the strata of this rock correspond to those of the gneiss and 
mica slate with which it is connected. Jn Berkshire 1 have already remarked that the direction 
is usually north and south, and the dip east, at rather a small angle. 

The quartz rock in Northfield and Bernardston, west of Connecticut river, dips from 20Q to 
60° east, and runs north and south. East of the river, its dip approachf's 90Q east. In South
borough its direction is nearly east and west, and its d1p northerly and large. Jn Oxford and 
Webster, its direction is nearly north and south, and its dip from 20 to 45° west; though in the 
'"·est part of Oxford I noticed a dip of 10° easterly, the rock being interstratified with gneiss. Jn 
Sutton the dip is from 30 to 35° norlh, corresponding to lhat of the gneiss in the vicinity . 

.Minernl Contenls. 

Scarcely any rock Jn Massachusetts, is so destitute of Simple minerals as this : unless we in
clude in it those melallic veins of which quartz is the gangue. But these may more appropri"" 
ately be described under granite; in which rock these veins for the most part occur. Hematite 
iron ore, forming the cement of the quartzose breccia in Dalton, is the most interesting mineral 
in the quartz ro~k. Sulphuret of iron, also, has been observed in small quantities in that quartz 
rock which is associated with talcose slate in Hawley, &c. ln Pittsfield, Worthington, &c., 
masses of quartz are found of a yellowish color, and appt~ar to be genuine ferruginous quarta:: . 
Sometimes this quartz passes into yellow jasper, and nlso into chalcedony and hornstone as at 
Dalton, Tyringham, &c. On page 194 I have described a narrow vein of magnetic oxide of 
iron on Beartown Mountain, said lo occur in quartz rock. The argentifera galena in Uxbridge, 
alreaily described, is found also in quartz rock. This ore has recently been analysed by Dr. 
Charles T. Jackson, and he finds it to contain 0.305 P'r cent of silver; or a little more than 7 
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pounds to the ton. (Report on Rhode Island, p. 73.) This is a larger proportion than is usual: 

but as the ort! is in small quantity, it is doubtful whether it can be worked to advantage. 

Veins in Quartz Rock. 

In a few jnstances, as at the quarry of quartz rock in \'Vashington, several times spoken of, 

veins of granite may be seen. But generally the veins in quartz rock are quartz; the vein be

ing usually white and opaque, and the 1ock a mixture of gray quartz and mica,-tbe latter min· 

eral existing, however, in very small proportion. The following is the sketch of a bowldcr of 

about eight inches diameter, found in Amherst. The principal part of it is gray quartz trav

ersed by numerous veins of white quarh:. 

Fig. 124. 

Quarti:t1ein1inquart;,rock. 

Theoretical Considerations. 

The regularity of the stratification in quartz rock, and the fact that silica 
is soluble in water, have disposed geologists, in all cases where it is possible, 
to impute to this rock an aqueous origin. But like all the older rocks it ap
pears subsequently to have been subjected to heat of a greater or less degree 
of intensity, whereby it has sometimes been rendered compact. And no 
doubt in this way some siliceous sandstones have been converted into solid 
quartz: as in the Isle of Sky, in Scotland, where trap comes into contact 
with the sandstone. 

A complete theory of the formation of that variety of brecciated quartz, 
which in Dalton is cemented by hydrate of iron, it is not easy to form. The 
chief difficulty seems to he, to imagine how the quartz was broken into such 
numerous angular fragments: for after these fragments were piled together, 
it is not difficult to conceive that the interstices might have been filled by 
the iron from solution in water, or by sublimation from heat. 

The conglomerate quartz rock originated probably like other conglom
erates; that is, we must first suppose an abrasion of existing strata, and then 
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a consolidation of the materials thus worn off, either by heat or simple desic
cation. In the present case, heat was probably an important agent. Other
wise I know not how to explain the marks of a crystaline structure which it 
exhibits; as much, indeed, as the oldest slates. 

10. MICA SLATE. 

It io usual to place this rock next to gneiss, or as the second in respect to 
age among the stratified rocks. And in Massachusetts it is not unfrequently 
associated with gneiss. But it is also associated with every other rock, as 
high in the series at least as argillaceous slate : I mean in a conformable po
sition. Hence I have thought it best to introduce it before talcose and horn
blende slate and serpentine ; because these latter rocks, in Massachusetts, 
are usually connected with gneiss or the oldest varieties of mica slate. 

Lithological Characters. 

It is hardly necessary to remark, in respect to a rock so common and well 
known, that its essential ingredients are quartz and mica: and the anomalies 
of composition are fewer in this rock than in most others; although the va
rieties of aspect are numerous. However, it is necessary that the mica 
should be the predomin·ant ingredient, in order to constitute a rock mica 
slate. But in this case we must look to the whole mass of the rock, rather 
than to hand specimens: for single specimens may often exhibit the quartz 
in excess, and yet be regarded as mica slate. The following varieties of this 
rock I have found in Massachusetts. 

i. Quartz and Mica: the former granular and laminar; the latter in distinct scales and highly 
glistening. This variety is associated with the oldest rocks, as granite and gneiss; and is obvi· 

ously more highly crystaline than the other varieties. Th~ longitudinal arrangement of the mica 
gives this variety sometimes a fibrous appearance. (Nos. 614 to 626) 

2. The 3ame, contaifling a small proporliD'11 of FeldJpar, and thus passing into gneiss. (Nos. 

621 to 636.) It is only when the mica greatly predominates that this rock can with any pro
priety be denominated mica slate. 

3. Amphibolic and Gan1etiferous llfica Slate. This variety takes into its composition in large 
proportion, hornblende or garnets ; usually both. From the fact that those minerals are co1n
monly found together, I have made only a single variety include them both. (Nos. 642 to 645.) 

4. Sta11ro1idifero11s Mica Slate. In this rock the mica is in very fine scales, and has the gen
eral aspect of argillaceous slate; escept that when the strata are viewed edgewise, they exhibit 
a striped appearance, in consequence of numerous layers of staurotide, which appear to Le co
extensive with the layers of the rock. I should not have regarded this mineral as of irnport.anco 
enough to constituto a distinct variety of mica slate, did I not know that extr.nsive ledges, Jikc 
the rock. just described, extend nearly across the whole of Massachusetts, fuou;h the towns of 
Norwich, Chesterfield, Goshen, Hawley, and Heath; and on the east s:de of Co.nneclicut river, 
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it has been traceCI, with sotne interruptions, from near Long Island Sound to Fr:mconia, Nevi 
llampsl~ire, a distance of nearly 200 miles. Where it crosses Massachusetts, howe"cr, it is but 

imperfectly d.-·eloped. (No. 646.) 
I wish here to remark, that when I coin a new term to prefix to a variety of rock, it is rat11er 

for the sake of giving a laconic definition, than in the wish or expectation that it will become a 

permanent name for the rock. lndeed, mere varieties need no distinct names, e:xcept when an 

alttmpt is made to give a logical account of a formation. 
5. Spctngled Jllica Slate. The basis of this singular rock is the same as in the last variety; 

an<l the two are associated in Chesterfield, Goshen, Plainfield, &c. Through this base are dis
seminated numerous thin foliated plates of a deep brown color, resembling mica somewl1at1 but 

almost entirely destitute of elasticity and brittle. Their length, (rarely more than a quarter of 
au inch,) is usually twice as grrat as their breadth, and there is a decided polarity exhibited in 
their arrangement: that is, their longer axes all lie in the same direction, and the surfact.>s of the 
plates in the same or in parallel planes ; so that light is reflected from many of them at once 

when the specimen is held in a proper position, and thus a beautifully spangled appearance re

sults. Not being confident as to the nature of this mineral, I have given the rock a designation 
which indicates merely this obvious property. These spangles are pretty uniformly diffused 
through the mass, and their surfaces rarely coincide with the layers of the slate. (Nos. 647 to 
650.) 

I have already described this rock as one of the varieties of rr.etamorphic slate in the eastern 
part of the State. In Plainfield it is sometimes jointed. (No. 649.) 

6. Ar9illo·micaceous Slate. This exists wherever the mica slate passes by gradation into day 

slate: and such places arc numerous in Massachusetts. lt exists also, in connection with the two 
last varieties, in the range of slate passing through Chesterfield, &c. ; where the strata are per
pendicular, and have a broad range of decided mica slate on the cast, and a similar extent of tal
cose slate, hornblende slate, and gneiss, on the west. lt docs not, however, in this case actually 
pass into clay slate. And I believe it will always be found to consist of fine scale3 of mica, 

closely compacted, so as to give it an argillaceous aspect. This rock sometimes contains large 
beds of white quartz, which is frequently fetid. (Nos. 651 to 667.) 

7. Are1iaceous Alica Slate. Jn this variety the quartz is gray, in fine sandy grains, and dif

fused through the whole mass, not lamellar. (Nos. 668 to 712.) The mica is in fine dissemina
ted scales ; although the plates are usually paral1el to one another. The mass is usually imper
feC'tly schistose, though more regularly stratified than most other varieties; and sometimes there 
exist oblique divisional planes. Ordinarily il is not so much contorted in its layers as the older 

varieties; but an intermediate variety is perhaps of all the mica slates mosl remarkable for irreg
ularity. The following are sketches of the curvatures, in Nos. 688, 689, and 690, which are 
from the Gorge or ' Glen ' in Leyden. 

Fig. 125. 

In Norwich and Enfield this variety has been extensively employed for whetstones: the for
mer locality i5 far the best, and the latter is now nearly or quite abandoned. 
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In general this variety occupies the highest place in the mica slate series. Thus we find it on 
both sides of the valley of the Conneclicut, when first we pass on eilher side of the river from 
the new red sandstone; and the whole of the mica slate formation in \Vorcester county is of 
this description. 

This variety is ,~ery nearly a11ied to quartz rock and firestone. Indeed, in respect to exten
sive tracts, it is often difficult to say whether it should be denominated quartz rock or mica slate. 
Sometimes it exhillits a jointed structure. It contains also not unfrequently beds or tuberculous 
masses of white or sometimes blood red quartz. 

S. Fir(;st011e. This most beautiful of all the varieties of mica slate might perhaps with pro
priety be included under the last variety. For when in its most perfect state to answer the con
clitions of firestone, the quartz is granular, as in No. 818 from Stafford in Connecticut. But the 
quartz frequently in Massachusetts becomes hyalioe. And it is this circumstapce, more than 
any other, that leads nie to fear that it will not make a good firestone. For if the grains of quartz 
cohere strongly, the stone will be liable to crack. I presume, however, that beds will be found 
in this rock somewhere along its course, that will be free from this objection. The mica has a 
silvery whiteness, and frequently exists in almost uubroken lamime over the surface, so as to 
give the stone a rich appearance. (Nos. 818, and 2071 to 2073 and 2088.) 

9. Anthracitous Mica Slate. This is simply a very fine grained mica slate, approximating to 
clay slate, which has been impregnated and rendered black and shining by carbon. I am disposed 
to regard the rock constituting the immediate roof and floor of the anthracite bed in Worcester, 
as belonging to this varic!y, although I am aware tho.t il has been generally regarded as argilla
c~ous slate. But I think that in all cases careful examination will detect the mica. Of this, 
however, more in another place. This variety occurs, also, in Auburn and in Dudley, and es pc~ 
cially near limestone in Berkshire. (Nos. 717 lo 719.) 

10. Plumbayinous 1'1ica Slate. This rock diffei:s from the last only in exhibiting the gray 
aspect of plumbago, rather than the dark color of anthr.acite. But probably in most cases very 
little plumbago is present. Yet the resemblance is often striking. This variety occurs frequent
ly among the newer beds of mica slate; as for instance on the east side of Connecticut river in 
Southampton, Conway, Shelburne, &c (Nos. 713 to 715 ancl 718 and 719.) 

1]. Conglomeraltd A.flea Slate. Jn Haverhill and Amesbury I observed fragmepts of mlca 
slate cemented by the hydrate of iron, so as to form a conglomerate. (No. 716.) It is, however, 
of \·ery limited extent; occupying only occasional fissures in the rock, and is probably the result 
of slow disintegration, an<l the subsequent Infiltration of iron from the decomposition of pyrites. 

In the vicinity of the sienite in Whately, I found a bow Ider ob\"iously composed of fragmenta 
of mica slate, which were once partially fused. They are cemented together chiefly by feldspar. 
The numerous nodules of the mica slate imbedded in the sienile at that place will render this 
explanation rational, as I shall attempt to show in descr4bing sienite. (No. 724.) 

12. Augite Rock. It may not be expected to see tl\is rock placed in this connection : since 
the rock of this name Jescribed by Dr. Macculloch in Europe,- is an unstratified overlying rock, 
associated with basalt and greenstone. But the one here introduced, is of entirely a different 
character. Jt is ordinarily composed of ~ranular and semi-crystalised a\1gite, of a greenish or 
yellowish color, mixed with quartz in small quantity; and is intcrstratified w\th mica slate and 
11ornblende s\alc. And sipce it occurs in too smali'a quantity to \>e desqibed as a distinct rock, 
I thought the proper cour;;e woyld be lo notice it in this conpection. (Nos. 726, 727.) I have 
found it only in Williamsburgh, two miles west of the meeting house, at the locality of smoky 
quartz and plumose mica; where its characters correspond with those mentioned above. But 
Dr. Emmons informs me that it exists in Chester in the situation exhibited below: that is, there 
exists in that town such an alternation of strata. One of the beds of this rock is partly made 
up of 'a v~rirty of puralomC>!l.S augite-spar, which cleaves into thin plates and approa.ches nearly 
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jn some specimens to schlller spar.' 'Yet,' says Dr. E. 'I should not call the stratum Diallage 
Rock.' (so it had been called.) 'The loose bowlders which I first found were aggregates of 
this variety of pyroxene and feldspar. I afierwards found that they came from the mica slate 
and did not generally resemble granite.' Concerning the scapolite rock, placed by Dr. Emmons 
on the following section, he has given me no information. 

Fig. 12G. 

Topography of .Mica Slate. 

11 will be seen by the Map that this rock occupies several large tracts in the State. And it e•
jsts, also, in small quantities, associated in numerous places with gneiss and granite, but not 
shown on the Map. Thus the region ia Northampton, Williamsburgh, Goshen, &c, colored as 
granite, is in fact nearly half mica slate. But it would be impossible to represent the true rela· 
tive position of the two rocks on so small a map; and, therefore, I have colored the whole 
space as composed of the predominant rock. The same is the case with the limestone district 
of Berkshire county, where often half the surface is mica slate. 

The mica slate of Berkshire varies from that variety, which exhibits the mica in highly glis· 
tining distinct scales, to that which is dull and seems to be passing into clay alate, or by taking 
more or less talc into its compositon becomes talcose slate. A great deal of what I have colored on 
the map as talcose slate, would by some geologists be regarded as mica slate, because the talc is the 
least ingredient in quantity. But, wherever this mineral preceptibly modifies the rock, l have 
regarded the mass as talcose or talco·micaceous rock, and have not described a variety of mica 
slate as composed of mica quartz and talc. I have regarded Saddle Mountain as ccmpose<l 
of talcose slate, although much of the rock might be taken for mica slate. The same lhing is 
true, though in a less degree, of the slate of the Taconic range, especially in its southern part. 
In Mount Washington, for instance, we sometimes find distinct alternations of mica and talco· 
micaceous slate. This is the case in Mount Everett especially, (Nos. 2097,2098,) as it is in 
Saddle Mountain (No. 2082, 2083, 2100.) Perhaps the mountain west of Lenox contains the 
largest amount of distinct mica slate of any mountain in the country. (Nos. 2064, 2075.) Where 
it is interstratified with the limestone, it frequently becomes obscure in its characters and of a 
carbonaceous aspect. (Nos. 2076, 2082, 2096.) Some might even denominate it in this case 
clay slate. But it seems to me too distinctly n1icaceous. In other places. as in Williamstown 
(No. 2093,) it approaches still nearer to c1ay slate. Yet with a glass especially, the small scale~ 
of mica are too distinctly obvious to allow me to consider it any thing more than argillo-micace
ous slate: and even in Egremont, where I have represented the clay slate on the Map, I am by no 
means sure that I ought not rather to reckon the rock as simply argillo-micaceous slate. I am 
probably more inclined than most geologists to limit clay slate to indurated c1ay, and hardly to 
regard any specimen deserving this name, in which I can discover scales of mica. 
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As we ascend Iloosac mountain, the mica slate assumes a much more crystaline aspect and 

appears to belong to the oldest varieties of this rock. lt is esseotia1ly of the same character 

across the whole mountainous range between the valleys of Berkshire and the Connecticut: 

though as we approach the latter valley, we find it sometimes assuming an argillaceous or are

naceous character; and in Leyden it passes into distinct argillaceous slate. 

It will be seen by the l\lap, that the Hoosac mountain range, (by which I mea, all the moun4 

tainous rP.gion between the valleys of Berkshire and the Connecticut,) is composed mainly of two 

wedged shaped patches; the one of gneiss and the other of mica slate; the first having its 

acute angle towards the norlh, the other towards the south. And yet, accorJing to the Map, 

which shows the directic.n of the strata, (Plate 53,) the strata e:"tend uninterruptedly across both 

the wedges : except for some distance along \Vestficld river in Chester and Russell, where the 

strike corresponds nearly with that of the i:tream. It is a question of no little interest, whether 

the same strata, which in the south part of the State are gneiss, prolonged into the northern part, 

hecome mica slate, and vice versa. That this is possible I admit: and for a case of the sort, I 
refer to Dr. Macculloch's n-cstcrn Isla11ds, rot. I. p. 301. But in the present instance I am 
rather inclined to believe that the two rocks do not pass laterally into each other, although I did 

formerly adopt this view. The strike of the strata just alluded to in Russell and Chester along 

the river, tends to confirm my present imprt?ssions: as this renders it probable that careful exam
ination in that region may show, that the gneiss and mica and talcose slates are arranged in con

formable juxtaposition. I h:ive given only the predominant strike and dip of the strata, nor have 

I found time to make those careful explorations on foot, which are necessary to settle this ques

tion. I feel exceedingly undecided on the point. For much of the gneiss in the southern p:i.rt 

of the StatC' is verging strongly tow:irds mica slate. And then, I find th:it tis we go northwards 

into Vermont, a range of gneiss commences, as shown upon the Map, in connection with the 

Whitingham limestone; and it becomes of considerable breadth farther north. It is not impos

sible but that a range of gneiss extends uninlcrruptedly across Massachusetts, but covered in 
some parts by mica slate. \11lcre it not that the str:i.ta along the ridge where this gnei.!IS mu~t 

run, stand nearly perpendicular, I should be more disposed to adopt this view; but perhaps this 
is not fatal to it. 

Near the central part of the Iloosac mountain rnnge of mica slate, occurs a range of talcosc 

nnd chlorite slates, in conformable order, and passing insensibly into the mica slate. lloroblcndo 
slate and limestone arc ronnected with it still more intimately, as the l\1ap will show. 

The narrow range of mica slate on the Map in Northfield, shows itsclr as we ascend 

the mountainous country east of that village, which is underlaid by a conglomerate of the new 

red sandstone formation. Soon this mica slate is succeeded by a deposit of gneiss, which ex· 

tends nearly to \Varwick. Here we find alternating strata of mica slate and hornblende slate, 

till we get into Oiange. How far south this mica slate extends, I do not feel sure: but presume 

it to be succeeded by gneiss soulh of Miller's river, except a narrow deposit of arenaceous mica 

slate, embracing the fircstone, which I have m:irkcd as extending as far south as the Rail Road in 

Monson ; because I ha\'e found it of similar characters and running nearly north and south, in 

the north east part of Wendell, in Shutesbury, in Enfield, in Palmer, and on the Hail Road in 

Monson. I have little doubt from ita charncters, but it extends into Stalford, and connects with 

the firestone quarry in that town. Jt may not, indeed, be possible to trace it cl·ery r0t.I of this 

distance, on account of the diluvial coat that covers it. But when I find it at such intervals as 

above mentioned, and with ''Cr)· similar characters, I feel justified ill connecting the different 

points, at least north of Monson. The rock of this deposit appears mostly to belong to the new

est varieties of mica slate; corresponding, in fact, as mentioned in another place, to the meta.· 

.. morphic mica slate of Bellingham and Smithfit>ld. Its dip being usually easterly, leads to tho 

suspicion lhat between this range of ,date and Connecticut rh·er, there may be an anticlinal axis; 
76 
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but the strike and dip of the gneiss in that region do not correspond to thatidea, till we get as 
far north as Pelha:m. lf, therefore, such an axis exist in the norlhern part of the State, I think 

it dies out befo1e we: get across the State. 
In passing eastward we next Come to th@ Worcester range of tnica:. slate, wl1ich has bee1i seV-' 

eral times referred to. This rock has often been regarded, eitlier ~s gray#acke slate, or talcose 

slate, or both. (See Ea.ton's Canal Rocks and Geological Text Book.) Bdt <ifte'r :i eareflll ex .. 

aminalion of this formatio!l in various places, from the mouth of the Merrima1;.k to ConnecHcut 

line, I am constrained to regar<l it as one of the latest varieties of mica slate: probably what 

Humboldt would call transition mica slate. True, I have o<!casionally met with a limited porM 
tion of this rock, which had somewhat of a mechanical aspect ; though not much more Sa than 

I have found in every range of mica slate which I have examined. In some cas~s too, there 

exists a glazing, apparently talco1::1e, on the lamime of the rock; and this variety certainly approx~ 
imates closely to graywacke slate. Stitl, these are not the predominant characters- of the for ... 

mation. Generally the rock is composed of gray arenaceous quartz, and mica in minute scales : 

the rock exhibiting too much of a crystaline structure for graywacke, and containing mo·reover, 
but little if any argillaceous matter. Where it contains considerable aside of iron, as in the 

northeast part of \:Vorcester, it presents at a little distance the dirty appearance of sandstone: 
but a closer examination will show the chaucters above pointed out. I saw not the least trace, 
moreover, of any organic remains in this formation; nor have I any evidence that such have 

ever been found. In short, though very probably genuine cabinet specimens of graywacke slate 
may be found in this formation, yet as a whole, I could not, without doing violence to my con
victions, refer it to any formation, but mica slate. But as I shall place quite a number of speci
mens from this formation in the hands of the Government, others by inspecting them can form 

their own opinions as to their nature. 
I ought to remark that quartz very frequently predominates in this formation, and the mica 

almost disappears. Indeed, I am by no means sure that qu<irtz is not the predominant ingredient 

in the whole formation' and if so, it ought lo be denominated quartz rock. And it seems to me 
that there is much more reason to doubt as to this point, than whether it ought to be referred to 
graywacke, or talcose slate. 

As we approach the east and west sides of this range, the characters of the mica slate become 

more decided; and in this slate of apparently greater antiquity, the veins and ptott'Uding tnasses 
of granite are more numerous; though they occur in evf!ry part of the formation, and sometitnes 
in the argillaceous slate connected with it. No attempt has been made to give the actual number 
u.nd extent of these masses of granite on the Map; but simply to indicate where they are most 
numerous. A Jarge proportion of the most beautiful granite in the State is contained in this for
mation; and it is entirely wanting in hornblende; which circumstance if I mistake not, affords 
wme presumption of its being among the oldest of the granites. 

llut does not the occurrence of anthracite in this formation at Worcester, decide at once that it 
cannot be mica slate? Some might, indeed, doubt whether that mineral is actually contained 
in the rock under consideration; because the slate forming the immediate roof an<l floor of the 

mine so much resembles clay slate But the extent of this slate is quite limited, and then suc
ceeds 1:he rock under consideration; and 1 have already stated that I regard the slate in which 
tbe anthracite lies, as an anthracitous mica slate. I consider, therefore, the anthracite at Wor~ 
ccstcr as embraced in mica slate. 

But can there be any doubt that anthracite does occur in mica slate and even in gneiss? The 

highest European authorities are, I believe, unanimous on this point. lf we consult the Tab
leau des Terrains of Ilrongniart, we shall see anthracite marked in the stratum of gneiss that 

Lt'S next to granite; a1so in his Phylladique, a variety of mica slate superior to the oldest variety 

of tle graywacke series, &c. ' It has occurred,' says Dr. Macculloch,' in gneiss, in micaceous 
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schist, ln primary limestone, and in a conglomerate rock said to belong to the primary rocks.' 
(S!J:iltm of Geology, Vol. 2. p. 296.) 1 It was believed fore. long time,1 says De Lafosse,' that 
n nthracite belonged exclusi\'ely to the primiti\'e deposits. But it has been sinc:.e found that it 
abounds in the secondary and transition formations,' &c. (Dictiomiaire D'Histoire Naturellt, Art. 
Anthracite.) 'Anthracite,' says Prevost, 1 belongs almost ~xclusively to the oldest of the <le~ 
posits called transition: where it is met wilh in beds or veins in the midst of mica slate, of 
gneiss, and of the schistes-phyllades, which overlie vegetable impressions of the family of ferns. 
For a Jong time, it is true, it was said that anthracite was found in primitive depcsits; but it is 
probable that this term was applied to rocks and formations which are now placed in the transi .. 
tion formation. It seems almost certain that no primitive: anthracite exists.' (Diet. D'Jlist Nat. 
Art. lltmille.) I asserted jn the first part of my Report that some pf the anthracite in this coun~ 
try, viz. that at \Vorcester, occurs in primitive rocks, because it exists in mica slate. \Vben 
Prevost asserts that' no primitive anthracite exists,' he means none which he calls primitive. 
But in the same paragraph he says that tMs mineral does e-xist in mica slate and goei.ss; evt!ry 
vari1;:ty of which, geologists of no mean name regard as primitive. 

If it be true, as I suppose, that the \Vorcester anthracite occurs in mica slate, we.re the rea .. 
son why it passes into plumbago, as I have elsewhere show.n that it does. For whatever be the 
t:ause, as a general faet it is true, that the older the rock i11 which carbon is found, the more 
compact it is, and the nearer does it approximate to th.e semi·crystalized condition of plumbago. 

Along the line separating the stratified from the unstratified rocks in the eastern part of the 
State, edeoding from the 1Lerrinuick river near Newburyport to 1-,ranklin, a narrow deposit ot 
mica slate is frequent!)· se.ni, accompanied by quartz rock: as for instance, the former is found 
in Sherburne, and the latter in Natick. But the dePosits are too small to be represented on a 
map no luger than Plale 52. 

Divisional Planes of the .Mica Slate, with the Dip, and Strike of the Strata. 

It is rare to find even a small portion of this rock d~stitute of a schistose structpre. But it is 
not uncommon to meet with extensive masses in which it is very difficult lo trace any planes oC 
stratification. In other places, howenr, no roclc exhibits more regularity and beauty of stratifica .. 
tion. Such differences may ofien be explained by local disturbances; but son1etimes no appear
ances will warrant such an explanation of the phenomena. Jt seems also reasonable to imvute 
something to difi'ereot proportions of tl,e ingredients in the rock, and to peculiarities in the mode 
of formation. In general, the less the quantity of mica, the more rt•gular is the stratification. 
The mica slate in Co~hen, Chesterfield, &c., which is remarkably regular in this respect, con
sis.ts, ho\Vever, chiefly of mica. Those varieties eithibit most of contortion aud undulatiou in the 
layers, which are of a plumbaginous aspect, a11d contain tuberculous masses of quartz. 

The laminre of our mica slate are orten a good deal contorted. Not unfrequently In ljuch coses 
\.Ve find planes of stratification running through the rock, which are independent of these curved 
layers. From the fact, however, thnt in the curved Jaminre we frequently find an alternation of 
tlifferent materials; as for instance, layers of mica slate an<l quartz, I am inclined to believe that 
these laminre were the result of original deposition ; although they have been subsequently mnc)\ 
contorted. And the planes of stratification too, ,seem to me to have been pro<luced frequently in 
the same manner. .For i11 deposits now taking place, we find similar curved laminre, bounded by 
similar planes of stratificption. Let any one compare the two following figures ( 127, 128,) 
with F'igs. Gl, 62, 63, 70 anJ 71, which repre~ept diluvial deposits, ·where ~irnilar oblique and 
curved lomimc are bounded by planes of stratification. ln the mica slatt!, however, it is very 
probable that some of those divisional planes, "hich l call planes of strntification, nnd which nra 

1ometimo• B or JO foet apart, have rcsulled from a ~hc:mical agency ;ubsequept to deposition. 
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A jointed structure is not unfrequent1y met with in our mica slate; as may be seen in .Noa. 

649, 653, 685, 2058 i but this rhomboidal structure is usually quite limited in extent. 

Fig. 128. 

Contortions in. Mica Slate : Comoa!J. 

The fol1owing extracts from my trave11ing notes, will show the dip and direction in numerous 
places of the strata of the different ranges of mica sJate that have been described. 

Hoosac .Mountain Range and that in Berkshire. 

Mk,.::~tington, E. side of Mt. ~ 

do. top of do. 
Sheffield, 
Lenox Mt. 
Lee, N. part. 

ww~~;;;~wn, w. outlet of the~ 
do. 1-2 mile S. of College. 

New Ashford, Kent's Quarry. 
Nor th Adams, near the village. 

do. Foot of Hoosac Mt. 
Clarksburg, W. Slope ofHoosac Mt. 
Monroe, \V. part. 

Rowe, in one spot near the center. 

Rowe to Heath, 

Strike. 

N. and S. 

do. 
N. E. and S. W. nearly. 
N. 10° E. 
N. and S. 

do. 

do. 
do. 
do. 
do. 
do. 
do. 

E. and W. 

~ 
N. a little E. and S. a~ 
little W. sometimes even 
30° or 40.Q 

Dip. 

E. 90c nearly. 

W. 45c to 60. 0 

N.W. 
E. 9oc nearly. 
E. 45. 0 

E moderate. 

E. aoc to 40.c 
E. 30. 0 

E. 20° to 45. 0 

E. 90°nearly. 
E.20.0 

E. 20. 0 

S. Small. 

E. 90c nearly. 
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Strike. Dip. 
Heath to Colraine. N. and S. E. goa nearly. 
Shelburne, N. W. part. N. a few degrees E. &c. E. 45° to 60. 0 

do. to Deerfield. N. and S. E. 60g to70. 0 

Chester W. part to W. Hampton. do, 90° nearly. 

M~.0inF~~~~;~l~~~s~~~~8si~~~1R. ~ E.andW. N.40°to60.Q 

Tekoa Mt. N.alitlleE. w. 70Q to so.Q 

Southwick, Sodom Mt. E. Side. N.andS. W. 60° lo 70.0 

Hoosac Mt. western slope generally, N. and S. 20° to 90° East. 
Florida, east slope of do. N.alittleW. 70° to 90a East. 
From Chester to Becket. N.andS. 80° to 90° East. 

G~~~:~; ;~~n~:!~~ Hawley, Charle- } N.andS. Nearly 90Q East. 

Goshen, N. W. part of the town. E.andW. 25Q l'.j'ortb. 
Westfield to Dian ford. N. and S. 70° to 90Q West. 
Chester, Worthington, E. part. 

N.andS. Chester6eld, W. part. Nearly 90° W. 
Cummington, E. part. 

do. W.part. N.andS. Nearly 90Q E. 
Colraine. N. and S. Nearly 909 E. 
Whately. N. several degrees E. E. 70Q to 909 East 

Co1~~;;~~dh~~~fi~rd~eyden, Buck- J N.aud S. 20°to70°E. 

Leyden, a.t the' Glen.' N. and S. 90. 0 

It will be seen that the general direction of the strata in this range is north and south, and the 

dip very great; for the most part nearly vertical. The most remarkable exception is that which 
occurs in the northwest part of Goshen, where the strata run almost east and west, and have a 

comparatively small dip. .Although these strata ::ire remarkably regular, yet I cannot but believe 

tbat this peculiarity has resulted from the protrusion of that vast mass of granite which lies a 
little east of the slate in that town, in Williamsburgh, Northampton, Wha.tely, &c. 

On the Eastern Slope of the Connecticut Valley. 

Strike. 
Northfield, E. of village. N. a few degrees W. 

do. South Mt. N. and S. nearly. 
do. W. of Ct. River. do. 

Warwick, S. part. N.E.andS. W. 
do. from center to east line. S. 20° E. &c. 

North Orange. N.andS. 

Enfield, Firestone Hill. do. 
Wilbraham, (Sodom.) N. and S. 

Dip. 
E.large. 
E.large. 
E. 20Q to 60.0 

N. W. 30Qto40.Q 
E. 70. 0 

90° 

90.Q 

In the Valley of W01·cester and the .Merrimack. 

Haverhill. 
Boxford. 
Dracut, near Lowell. 

Strike. 
N. several degrees E. 
N. E. and S. W. 

do. 

Dip. 
Westerly. 
N. W. 25° to 60. 0 

90Q nearly. 
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Lowell. 

do. to Westford. 
Methuen, Spicket Falls. 
Andover, Bridge on Merrimack. 
Groton, 2 miles E. of center. 
Pepperell, 1 mile E. of center. 
Townsend, near the Harbour. 
Westminster, 1-2 mile E. of center. 

Auburn, (Ward) center. 
do. 

Scientific Geology. 

N. E. and S. W. 
E. N. E. and W. S. W. 
N. E. and S. W. 
S. 30° W. and N. 30q E. 
N. E. and S. W. 

do. 
s. 30q w. 
N. ands .. 
N. and S. nearly. 

do. 

900 nearly. 
90. 0 

N. W. large. 
N. W. 30° to 4q.0 

N.W.small. 
30° to 60° S. E. 
25° S. E. 
20° Lo 30° E. 
90° nearly. 

do. 1-2 mile east on R. Road. W. S. W. and E. N. E. 
70° to 80.0 w. usual dip. 
45° N. W. 

Leicester, 3 miles E. of Clappville. 
Webster, E. of Village. 

do. in other places. 
Worcester, west of hill of granite. 

do. East of the same. 
From Worcester to Berlin. 
Sterling. 

N. E. and S. W . . 
do. 

N. and S. 
N. and S. 
Various. 
N. E. ands. W. 

60° to 70° N. W. 
N.W. 
W.45.0 

25° w. 
25° to 90° Easterly. 
20° to 90° N. W.? 

N. several degrees E. 60° to 70° W. 
(This last is the most usual dip of the mica slate.) 

Leominster. 
Fitchburg to Lunenburg. 
Bet ween Lunenburg and Shirley. 
Groton. 
Pepperell. 
Townsend. 
Andover. 
Methuen to Dracut. 

N. several degrees E. W. large. 
clo. l 0° to 30° E. 
do. W. Small. 

N. E. and S. W. 30° to 45° S. E. 
do. 

N. andS. 
E. and W. 
N. E. and S. W. 

Neaily 90° N. W. 
30° to 60° E. 
70° to 90° N. 
Northwest, large. 

There would seem from the above statement, to he great irregularity in the direction and dip 
of the strata of this range. Yet it must be recollected, that I was c_arefu] to notice all the im
portant anomalies in these respects, that fell under my observation ; while I made few records 
where the usual dip and direction were obs~rved. Hence the statement abo,,e made, in respect 
to the usual dip and direction may be true, although not taught by the preceding table. And 
the same remarks are in a measure applicable to other rocks. To prevent any false inferences 
from such statemeQts, I have drawn the Map, Pl~te 53, which exhibits the predominant strike; 
and the sections on Piates 54, and 55, which ex;hibit the predominant dip, of the strata-anoma
lies being neglf'cted, 1,mless they are of considerable extent. 

Veins in .Mica Slate. 

These consist chiefly of granite and quartz; but it will be more convenient to describe them 
when treating of granite. 

Some of the more close grained and imperfectly schistose varieties of mica slate exhibit by 
disintegration, that kind of structure which has been sometimes denominated vcim of se
gregation: tb::i.t is, veins produced at the time of the formation of the rock, or when it was in a 
fluid state, by the play of chemical affinities, which in a measure separated the ingredients into 
different masses; so that when atmospheric agencies \Vear away the rock, the harder parts re 
main in relief on the surface, like genuine veins. The following is a sketch of a bowlder of 
mica slate, not more than two :eel in diameter, which exhibits a double set of tlwse segregated 
ridges, the small~r ones amounting to fifty five, and the larger ones not being parallel to one an-
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other. The direction of the slaty lamin~ in this bowlder1 probably coincides with that of the 
most oumerous ridges. 

Fig. 129. 

P'tins of Segregation in Alica Slate: Chuttrfitld. 

Hornblende .!lggregale insulated in .Mica Slate. 

Near the beds of magnetic oxide of' iron in Warwick, I noticed several 
masses of an aggregate of hornblende, feldspar, and mica, in detached frag
ments in the mica slate; which appear as if they once formed one continu
ous mass, but had been broken asunder and subsequently cemented into the 
slate. The layers of slate between them are somewhat bent. The aggre
gate is also laminated, though the lamin::e do not, as I know of, correspond to 
the lines drawn upon the fragments on Fig. 128, which were put on by the 
engraver merely to produce a darker shade. This figure gives but an im
perfect idea of the spot. The smallest of the fragments are about S 1-2 feet 
long, and the middle one considerably longer. I pretend not to draw many 
inferences from such a fact as this. But it is difficult to examine the spot 
and not feel that the mica slate must sometime or other have been so much 
in a state of fusion as to admit of the fracture and dislocation of the imbetl
ed aggregate. It is singular, however, that such a degree of mobility among 
the particles, should not have obliterated the marks of a slaty structure 
which certainly existed previous to the disturbance, because they appear to 
be lamin::e of deposition. 

.Mirzeral Contents. 

More simple minerals occur in this rock than in any other, with the exception perhaps of 
granite. 
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Fig. 130. 

To begin with the earthy salts: it is hardly needful to mention one so common as calcareous 
spar, which always occurs more or less in connection with limestone. lt is in distinct crystals 
sometimes, also, in mica slate; as at Chester, where several of its secondary forms have been 
noticed. The laminated variety occurs in connection with the micaccous limestone in Whately, 
Oonway,&c. . 

The sulphate of alumina and potassa, or native alum, is not unfrequently found efflorescing 
upon mica slate; resulting from the decomposition of the sulphuret of iron and probably also of 
feldspar, as this is the most probable source from whence it derives the potassa. In Sheffield it 

is said that' pounds of it can easily be collected in as nearly a pure state as that of commerce.' 
(Robinson's Cat. of American .Minerals, P· 69.) lo the northeast part of Conway is a locality, 
which seems to merit the ntleotion of the manufacturer. (Nos. 2086, 2087.) 

The phosphate of lime has been noticed in WilliamsLurgh, Chesterfield, Chester, l\Iiddlefield, 
Norwich, Hinsdale, &c. That in Williamsburgh is in hexagonal delicately green crystals, and 
is doubtless <lpatite. That in Chesterfield is associated with hyanite, as may be seen on No. 
750, and almost exactly resembles the chrysoberyl of Haddam ; but the ease with which it is 
.impressed by steel, shows its nature at once. In Norwich this mineral occurs in a gray quartz 
and black mica, and in the vicinity of granite. One of the imperfect crystals which I found, (of 
which No. 728 is part,) was three inches in diameter, and six inches long. 

Fluate of limo exists in small quantity in the mica slate in Conway. 
Almost every variety of quartz described in the books, occurs in our mica slate. It is hardly 

necessary to mention crystalizcd quarlz, which is found almost everywhere, and in nearly every 
rock. The white byaline quarlz, passing into white milky quartz, exists in large beds, or tu
berculous masses, in almost every part of the mica slate. 1t is an interesting fact, that a hrge 
portion of this quartz is fetid in the Hoosac mouutain range. l have observed this variety 
on that range from the south pnrt of Connecticut, to the south part of Vermont, over an interval 
of more than 100 miles. Sometimes this hyaline quartz-as in Shelburne and Colraine
is tinged of a blood red color, and sometimes of a wine yellow, by iron. As the mica slate ap
proaches to clay slate, the quartz becomes bluish and gre<\sy in it; fraoture . Sometimes, also

1 

it is pnoine or irised, as in Fitchburg, Leyden, &c. lt is found, also, of a rose red color, in 
\ 'ttilliamsburg, Chesterfield, Blanford, and Chelmsford. I am not certain that at the two lattP-r 
ptaces mica slate is its gangue, because I found it ouly in howlders i yPt l hare little tloubl that 
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such is the fact. That in Blanford appears to be the finest ; and probably if some pains and 
expense were devoted to getting it out, rich specimens might be procured. 

In the mica slate in the southeast part of Conway, a vein of quartz, six or eight feet thick, 
and nearly perpendicular to the horizon, runs N. 20° east. It is the gangue of two ores, the 
red oxide of iron and the pyrolusite: which, however, do not occur in it abundantly at the sur
face. Bul they have imparted a great ·rnriety of colors to neady the whole gangue; and ren
dered a part of it very compact. Hence we find there brown and yellow jasper, and sometimes 
chalcedony. The various rolors, black, white, reU, yellow, and brown, are often intermixed, 
somelimes irregularly, forming breccia agates: and rarely in parallel stripes, forming a banded 
agate. Some of these, if polished, would form I doubt not elegant ornaments. (Nos. 738 
to 743.) 

At the same place we find a delicate variety of tabular quartz, in which the lamin;:e are as 
distinct and thin as the folia of feldspar. Sometimes lhey are so arranged as to present the ap· 
pearance of pseudomorphous crystals ; and sometimes they so intersect as to form cells. 
In the cavities of the compact quartz, there sometimes occur minute crystals of quartz, giviDg 
the geodt"s a rich appearance. (Nos. 746, 747.) 

About one mile northeast of the College in Amherst, I have found numerous bowlders 
almost exactly resembling those in Conway just described. Chalcedony and hornstone, how· 
ever, occur here rather more commonly. Perhaps these masses were brought to that spot from 
the mica slate which occurs a few miles north, both in Amherst and Leverett. On page 185 I 
have described a delicate variety of hornstone (No. 2509) found in Pelham, and which I have 
placed under diluvium, because i\ has been found only in bow1ders. I suspect it to have been 
originally derived from the same rock as the chalcedony and bornstone found in Amherst. This 
point, howe\·er, is eXtremely doubtful; and it would not be strange jf it should be found that 
they were all d~rived from gneiss, where it is placed in the State Collection. 

Some of the quartz of these bowlders is yellow and in small crystals. Yellow and irised 
quartz also occurs in mica slate in Fitchburg. Jasper is found on the banks of Deerfield and 
Westfield rivers in rolled masses, and probably originated in mica slate. 

The gangue of the lead, zinc and copper ores in Hampshire county, is chiefly crystalized and 
radiated quartz: and these veins sometimes occur in mica slate: but as they generally traverse 
granite, I shall describe them in treating of that rock. 

The best locality of fibrolite that has been discovered in this slate, is in Lancaster, near the vil· 
age. It is found in a bowlder. The fibrous structure of this mineral is sometimes almost 
changed into the foliated. The masses are from nn inch to three or four inches long, and half an 
inch brtlad. It has been met wilh, also, in some other places in the State. 

UodN argillaceous slate, I have noticed the occurrenl'e of beautiful amianthus and bucholzite 
in the slaty rock lhat embraces the anthracite in Worcester. If my opinion be correct, in refer
ring that rock to mica slate, these minerals should be described in this connection. 

The localities of hyanite are numerous. The best is Chesterfield ; from whence large quanti
ties have been obtained; some of it finely crystalized and of a rich color. Its colors vary from 
nearly white, to dark blue. It is not possible at present to obtain specimens as tine as No. 750. 
It is found also in Blaoford, Worthington, Middlefield, Deerfield, &c. The Rhoetizite is found in 
Blanford and Russell, according to Dr. Emmons. 

Of the situation of staurotide in Massachusetts, I have given a general account in describing 
the staurodift'rous mica slate. Chesterfield perhaps, near the locality of green and red tourma
lines, is as good a spot for procuring specimens as any one in Massachusetts. But no specimens 
Cound ii') this State equal those from the western pnrt of New Hampshire. 

Dr. Emmons states in his Mineralogy, that pinite is found in Chester: though he does not 

77 
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mention the rock in which it occurs. I mention it here merely because mica slate is the pre
dominant rock in Chester. It is said to occur also with the andalusite in Lancaster. 

The most abundant locality of macle and am]alusite in Massachusetts is in Lancaster, in clay 
slate. But the mioeral which has been generally c:illC"d andalusite, is most abundant in West· 
ford, in mica slate. And I am happy to state that numerous specimt:ns can be obtained from 
thence. It occurs in the stone "'alls, from a hundred rods to a mile east of the center of the 
village, and may scmetimes be found in distinct prisms, greatly resembling specimens from Ger
many. It is of a reddish color, and sometimes the masses are two or three inches across. Gen
erally they are accompanied by a fibrous mineral, resembling talc. 

Schor! is not common in mica slate. But in Norwich I found a curved specimen of this rock, 
nearly a foot square, entirely covered with prisms of this mineral, of the size of a goose qum, 
nnd generally acuminated. The specimen was weathered so as to 1eave the schorl in bold relief. 

Scapolite is found at Chester, as already mentioned; and Dr. Emmons in his Mineralogy says 
that it exists' in vt>ins in mica slate, associated with hornblende, pyroxene, and garnet; but the 
crystalization is generally confused and indistinct.' It is unnecessary to refer again to other lo
calities of hornblende and pyroxene as connected with mica slate; except to say, that Dr. Em
mons mentions 'l\Iid,lJefiel<l, Chester, Hinsdale, and most of the mountain towns in New Eng
land,' as containing sahlite and coccolite. 

Garnet is more widely disseminated in mica slate than any other mineral. It differs in size 
from nn almost microscopic grain, to a crystal of two inches in diameter; and its color.'> are gen
erally reddish, but sometimes bfack, even approaching very nearly to melanite. Ju the slate 
containing the hyanite at Chr.stcrfield, the reddish garnets are very numerous and sometimes 
quite large. In the amphibolic aggregates, the garnets arc usually black. Jn Plainfleld, Dr. 
Porter has found garnets disseminated in quartz. Garnet and staurotide are usually associated; 
as at Chesterfield, Middlefield, and Chester. The usual form of the crystal is a rhombic dode
cahedron, which is sometimes truncated on its edges. 

The mica slate formation in Williamsburgh, l\Iiddlcfield, Chester, Hinsdale, Cummington, 
\Vorthington, Plainfield, &c., frequently contains crystals of epidote. Generally they are imbed
<led in quartz, and frequently associated with hornblende and augite. Zoisite occurs also in Go
shen, Hawley, Middlefield, Chester, Hinsdale, Chesterfield, Conway, \Vindsor, ancl particularly 
in Heath and in the north part of Leyden, in large quantities. lndeed, it may be found scatter
ed over nearly every part of the Iloosac mountain range of mica slate; and on. the same range as 
far northward into Vermont as I have examined. 

In the stone walls, 50 rods '"est of the residence of the Tate Gov. Lincoln in V\'"orcester, several 
t;pecimens of idocrase were found a few years ago, associated with massi\pegarnet and pyroxene. 
It was crystalized in right rectangular prisms, truncated' on the Jnteral edges so as to produce 
eight sided prisms. There can be little dOubt that the rock containing this mineral, belonged 
originally to the mica slate range of 'Vorcester valley. It appears from Beadant'S work on min
crnlogy, that it exists in mica slate in Europe, although genera11y of, volcanic origin. As the 
Worcester locality is now exhausted, I am indebted to William Lincoln, Es;:i.- for the specimen, 
No. 765, in the co11e("tion. According to Dr. Emmons the same mineral occurs in Chester. 

The latter gentlemen has also found stilbite, heulandite, analcime, and chabasie, with hexahe
dral calcareous spar, on mica slate in the same town. I nm not aware tllnt these minerals (ex
cept the last,) ba,·e before been found in this rock; although stilbite occurs in the Alps in granite 
rocks. But the others are conftned almost exclusively to trap rocks and metalliferous veins4 

Anthophyllite ls found in many places in the Iloosac Mountain range of mica slate. It occurs 
in fibrous masses, or imperf eel prism::i, imbedded in the mica slate. Jn Chesterfield it is asSCJciat
cd with hyanite and garnets. In Chester it is connected with pyroxene, garnet and staurotide. 
It is found also in Blanford in abuoda.nce. 
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Cummingtonite is found in Cummington and some of the neighboring towns. I have found it 
likewise in Warwick, on the east side of Connecticut river. Dr. Thomson is decidedly of opinion 
that this mineral belongs to a new species allied to the karpbolite. 

It is not uncommon to find a small quantity of sulphur upon the mica slate in a pulveru1ent 
state, and proceeding from the decomposition of some sulphur~t. But there is no place where it 
is found in suffic.ient quantity to be named. 

The anthracite and graphite which 1 consider as connected with mica slate in Worcester, I 
have already described. Graphite also occurs in mica slate, west of Connecticut river: as at 
Cummington, Chester, Worthington, &c. But I know of no interesting localities. The mag
netic oxide of iron exists in the same mica slate range, in disseminated octahedra: as in Blan
ford, Cbcs~er, &c. Sulphuret of iron is met with likewise in the same situation. In Heath, 
some very handsome specimens of cubic crystals have been found. Jn Hawley, it occursmassh·e 
in considerable quantity, near the junction of the mica and talcose slate. 

One mile north of the village of \Vorcester, an excavation was made several years ago in the 
mica slate in search of silver, &c. as already described in the first part of my Report. ]tis im
possible to ascertain at present how wide is the vein that was explored : but the minerals thrown 
out, and lying around the opening, are mispickel or arsenical pyrites, carbonate of iron and ga
lena. Sometimes the arsenical iron is in distinct crystals in quartz; but I could not ascertain 
their form. A little west of the village of Worcester, these same rr.inernls occur in the stone 
walls, along with the idocrase, rendering it probable that this last mineral originated from that 
metallic\•ein. 

Jn Sterling, one and a half mile southeast from the village, are two excavations in the enme 
mica slate as that at Worcester: and large quantities of similar ores have been thrown out. Car
bonate of iron is most abundant ; arsenical iron less common. Blernfo, uf a cherry red color, is 
found there in considerable quantity; galena nlso occurs, which is argentiferous. Sulphuret of 
iron exists in connection with the ores that have been mentioned, and pyritous copper also, with 
the carbonate or iron. Before the compound blowpipe the blende was reduced, and burnt wilh 
the flame peculiar to zinc, throwing off the white oxide. Numerous quartz veins traverse the 
carbonate or iron, and a considerable quantity of reJ oxide of iron occurs in the quartz, proba
bly proceeding from the decomposition of the carbonate. The 1amellre of this carbonate at Ster
ling, as well as at \Vorcester, are ver.v much curved and commonly reddish white. These ores 
at Sterling constitute beds in mica slate, whose strike is several degrees east of north, corres
ponding to the general direction of the range. The dip at the mines is 60Q to 70° west. 

The micaceous oxide or iron described in the first part of the-Report as in Montague, is in 
veins traversing mica slate and granite, chiefly the former. But I have nothing to add to the 
description which 1 have ginn of these veins. 

Sulphate of iron is not uncommon in small quantities on the mica slate of this State. 
The red oxide of titanium or rutile, is \-ery common along the eastern margin of the Hoosac 

mountain range of mica slate; occurring in four or eight sided prisms, generally striated and often 
geniculated. Jt is usual to find it associated with zoisitc, as at Leyden, where numerous speci
mens have been found. Sometimes it penetrates quartz, and sometimes is connected with horn
blende. In Shelburne I found it in distinct crystals in the mica slate, without any other mineral 
I have found it likewise in Colraine and in Conway. At the fatter place J found one or two 
geniculated prisms, more than an inch thick ; also in small crystals having the primary form, 
that is a right square prism. It is found also in Williamsburgh, Chesterfield, Middlefield, &c 
Jn Chesterfield I found a small quantity of what I take to be the titanite, or fcrruginous oxide. 

I have already given my reasons for believing that the extensiv~ b<>ds of hydrate of iron in 
Berkshire county, occur mostly in mica slate. The uative iron, which is particularly described 
in my former Report, occurs in mica slate, in Canaan, Ct. The maguatic oxide is sometimes 
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found in the same rock, and the sulphuret more frequently. The large beds of the former in 
Warwick, h3.ve been fully described in the first part of my Report. White iron pyrites exists 
in connection with the Cummingtonite in Cummington : and the magnetic sulphurct is said to be 
common in the State, though l have not met with it. 1t has been said, also, that the mineral 
which forms the spangles of spangled mica slate, may be gigantolite. ln Auburn, near the 
meeting house, I found a mineral, which Dr. C. T. Jackson disco,·ered about the same time in 
bowlders in Rhode Island, and which he has since denominated Masonite, in honor of Mr. Owen 
Mason of Providence. lt is a silicate of alumina, iron, and magnesia. Nos. 2188, 2139, and 
2140, will show its appoarance a\ the two localities above named . 

Theoretical Considerations. 

The most important points of a theoretical kind, which might properly be 
discussed under mica slate, relate to the metamorphic character of that rock, 
and the other primary stratified rocks, and to the mode in which the contor
tions and dislocations of the mica slate have been produced. But these sub
jects can be better examined in the last part of my Report. 

11. TALCOSE SLATE, 

I shall include in this formation the three rocks represented on the Map 
under the names of talcose slate, ch lorite slate, and steatite. 

Dr. Macculloch describes talcose slate as differing from mica slate only in 
the substitution of talc for mica: that is, it consists essentially of quartz and 
talc. It is this variety that constitutes the principal portion of talcose slate 
in Massachusetts. But other varieties are found, as the following descrip
tion will show. 

Lithological Characters-. 

1. Stli.istose Talc. This variety is more or Jess distinctly foliated and varies in color from 
blackish green to very light green, or gree11ish \\:hite. (Nos. 789 to 793.) It is the least abun
dant of any of the varieties. 

2. Stealite. This is obviously only a scaly and semi-granular or partially indurated variety of 
talc. 'We see,' says Beudant, 'by these analyses, (which he bad just quoted,) that the steatika. 
differ from talc only by the presenct' of water. These substances also occur together and in the 
same geological position. They appear even to mix in all proportions, and in some suits of spe
cimens, there seems to be a }>assage from one s~bstance to the other.' ( Mineralogie, Tome 2, p. 
212.) These remarks correspond exactly wilh the steatlteof .l.\1assachusetts; although we have 
some beds of stealite which are associated with but a small quantity of foliated talc. But in 
general, these beds constitute a part of the talcose slate formation. 

The color of this variety is usually light gray. In some quarries, however, (as in Rowe and 
Zoar,) it is a delicate green; and in such cases the rock is obviously nothing but foliated talc, 
which is so compact that it forms a fine stone for economical purposes. In the quarries the green 
and the gray varieties alternate; although not easily divided; and perfectly sound blocks may 
be obtained, which are partly gray and partly green. (Nos. 794 to 805.) 
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3. Chlorile Slate. Sometimes this variety is foliated and of a dark green color; and in such 
cases J know of no means c...f distinguishing it from talc, except, perhaps by its darker color. 
Generally it is slaty in this region, and very minutely scaly. Jn this case it probably owes its 
slaty s:ri.lclure lo a small proportion of quartz which it contains. But the chlorite slate of the 
Hoosac mountain range is remarkably pure; and 1 may add, remarkably regular and c.ontinuous 
in its slaly structure. (Nos. 806 lo 816.) 

4. Quarlz and Talc. In this variety the talc is usually scaly, and the quartz arenaceous. 
Sometimes, however, the latter is coarsely granular or hyaline. 

5. Quartz, Talc and .lJlica. This variety may be considered either as mica slate, which takes 
into its composit ion more or less of talc, or as talcose slate, containing mica. Probably but little 
of our talcose slate can be found, that does not embrace a small proportion of mica; but talc and 
mica often resemble each other so exceedingly, that it is very difficult to say whether the rock is 
talcose or mica slate. I have felt this difficulty most in relation to a considerable part of the 
slaty rock in Berkshire County. (Kos. 826 to 831.) 

The fourth and fifth varieties constitute the greater part of the lalcose slate formation in 
Massachusetts. 

6. Talc a11d Carbonate of Lime. Sometimes talcose slate lies next to limestone, as in Whiting
ham, Vt., and near the junction of the two minerals, they are mixed together. But the variety 
is hardly worth naming. (No. 832-) 

7. Talc, Q1tartz1 and Carbonate of Iron. ll might be more proper, perhaps, to describe the 
carbonate of iron as disseminated through the takose slate ; though the iron most commonly 
occurs in the variety, No. 4. And this mineral, by its decomposition, imparts a character to this 
rock which will be noticed every where. It abounds in spots of the color of iron rust, and this 
is particularly the case where masses of quartz exist of considerable size. If I mistake not, it is 
in this decomposed carbonate of iron, that native gold occurs. (Nos. 833, 834.) 

8. Talc, Quartz, and Hornblende. The latter mineral is in distinct though imperfoct crystals 
scattered through the rock; but it occurs in such quantity, and over so great an extent of coun
try, that it seems proper to make this a distinct variety. It is found along the eastern margin 
of the talcose slate formation, near its junction with the mica slate in Hawley and Plainfiekl ; 
and it sometimes passes into distinct hornblende slate. (Nos. 835 to 839.) 

9. Talc, Feldspar and Quart::. This variety is intermediate between takose slate and gneiss; 
and differs from the latter rock only by the substitutiou of talc for mica. lt is obviously, however, 
a rock more mechanical in its character than gneiss ; the feldspar existing in coarse grains. Iu 
Hawley the feldspar is scattered in crystaline masses through the rock, forming a distinct por
phyritic talcose slate; (No. 8411) and it is almost destitute of stratification. 

Topography of tlie Talcose Slate. 

The oldest deposit of this rock in Massachusetts, is in the midst of the mica slate of the 
Iloosac mountain range. It occupies a very elevated portion of that range, and is there obviously 
one of the oldest of the stratified rocks. I have traced this rock 20 or 30 miles into Vermont, 
where it is associated with limestone and gneiss on the eastern slope of the Green Mountains; 
and probably it r.xtends much farther north. In Massachuselts it is most pHfectly developed in 
its characters in Hawley and Plainfield; where it is several miles wiJe. Proceeding southerly 
this form:llion becomes narrower, and at lenrrth appears to terminate near the southern part of 
Becket; at least I have not observed it farther south, and between Chester and Becket it is only 
a few rods wide, alternating ·with mica slate and hornblende slate. The chlorite slate forms a 
narrow stratum along the western margin of the talcose slate, and I have not observed it quite as 
far south as the talcose slate. But northerly l have traced it as far as Whitingham, Vt, al-
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though I have not seen it in every place where I have crossed the Hoosae range. But being a 

remarkably distinct stratum, I have little doubt that it does extend as far, at least, as it is repre
sented on the Map, and that it is continuous; since it is ~o narrow that it might in many places 

easily be hidden by diluvium. 
Several beds of steatiteare connected with this range of talcose slate: viz. one in Marlborough, 

Vt.; one in }lowe; one in Zoar; one in Windsor; two in Middlefield, and farther south, nearly 
on the line of the strata prolonged, we find a bed in Chester, in Blanford, and at least two 

in Granville. The bed in Hinsdale, that in Cheshire, that in Savoy, and two of those in Windsor 

are in gneiss. 
In Zoar, we find mica slate, talcose slate, steatite · and serpentine, interstratified. The most 

easterly bed in Windsor appears to be embraced jn chlorite slate. That lo Middlefield has tal

cose slate on the east side and hornblende slate on the west. That in Blanford, one and a half 
mile southwest of the meeting house, is in mica slate; but on one side a huge vein of granite lies 

in contact with the steatite. 
The principal deposit of talcose slate given on the geological Map, embraces Saddle mountain 

and the Taconic range, the loftiest mountains in Massachusetts. It is interstratified with the 
mica slate and limestone, also, in some of the valleys of Berkshire : but chiefly near their west
ern side ; except at Adams, where we find the talcose slate at the foot of Hoosac mountain in 
nearly perpendicular strata. All the talcose slate in the west part of Berkshire, embraces more 
or less of mica, except perhaps occasional beds of chlorite slate: and often it passes into mica 
slate so entirely, as to perplex the observer. I suppose that the term micaceo-talcose slate would 
be the most appropriate one for this rock. Although frequently much resembling the talcose 

slate of the Hoosac range, yet in general it is obviously a newer deposit, passing insensibly on 
its western side into argil1aceous slate. Crystalized minerals are not common in it, except octa

hedral iron ore, quartz, and a few others : though such minerals are not abundant in the Hoosac 
mountain range. But a comparison of the specimens from No. 2149 to 2178, with Nos. 819 to 
831, will afford a better idea of the characters of these two deposits, than mere description. 

The steatite beds marked in Shutesbury, WendeJl, Petersham, Fitchburg, Worcester, Millbury, 
nnd New Salem, are surrounded by gneiss of the most decided character. That in New Salem 
contains serpentine, also, of a black color. The bed of serpentine, exhibited in Pelham, is a 
mixture of serpentine and talc: and is marked as serpentine, only because that mineral predomi

nates. It forms a bed in gneiss. The bed in Groton is in mica slate, and that in Andover, in 
bornblendic gneiss. 

It is hardly necessary to say, that this rock is always schistose in its structure; though in the 
most compact soapstone, both the slaty and stratified structures are nearly obliterated. Yet in 
some portions of the bed, they are usually visible. In both these structures this rock corresponds 
very nearly whh mica slate; except that the former is less contorted than the latter. Chtorite 
slate is particularly remarkable in the Hoosac range, for the evenness and beauty of its layers, 
comparing in this respect with argillaceous slate. 

Strike and Dip of the Strata. 

Boston Corner. 
Mt. Washington, Alender Mt. 
Tom Ball, Alford. 
Taconic Mt. Alford. 

do. West Stockbridge. 

Taconic Range. 

Strike. 
N. a little E. 
N. and S. 

do. 
do. 
do. 

Dip. 
E. 50° to 60.o 
90.0 

90° E. nearly. 
do. 

E. large. 
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Strike. 
West Stockbridge, Hill near Center. N. and S. 
Lanesborough, Taconic Mt. N. 30° E. 

Williamstown, do. N. andS. 

~~2 m~=l~~-~~i~~a~~~:g~~ate, } do. 

Adams, E. ridge of Saddle Mt. N. E. and S. W. 
do. Saddle Mt. average. N. 300 E. 
do. near N. Village. N. a few degrees E. 

Hoosac Mountain Range. 

Florida, E. slope of Mt. 
do. near W. side, lop. 

l\Jiddlefield. 

Strike. 
N. and S. 

do. 
do. 

Plainfield, Hawley, Charlemont, ~ 
Rowe, (generally,) Zoar,Cummington, do. 
Chester (W. part,) and Worthington. 
Rowe, N. part. E. and W. 
Windsor, Chlorite Slate. N. and S. 
Peru. do. do. 
Whitingham, Vt. do. do. 
Somerset, Vt. Iron Mine. do, 

.Mineral Contents. 

Dip. 
do. 

45° S. E . { E.a:~:e~~ ~:::~;asing 
E. 200 to 50.'l 

N. W. 30.0 

S. E. 400 to 10.0 

90.0 

Dip. 
70° to 900 E. 
15° lo 20° E. 
700 lo SO" E . 

Nearly 90" E . 

S. small. 
700 to 80° E. 
90.0 

90° E. nearly. 
20° to 90°E. 

This rock in the Hoosac mountain range, must be rc~arded as a metalliferous deposit. Perhaps 
the most important metal which it contains is iron . This is found principally in four places, viz. 
in Somerset, Vt. and in Hawley, Chester, and Blnnford, Mass. Smaller masses have been no
ticed in other places; but not in sufficient quantity to be of interest in an economical point of 
view. At all these localities, the ore is found in distinct beds in the strata; and sometimes it 
has aslaty structure, having every appearance of a contemporaneous origin with the rock. 

I have already remarked, in the first part of my Report, that the iron ore in Hawley embrace,, 
two species; the magnetic oxide, and the micaceous oxide. Both of them are of fine quality. 
The micaceous oxide, especially, is as beautiful as any which has been found on the globe, as 
the specimens will show. (No. 844.) This bed does not occur, as is usually stated, at the juno
tioa of the talcose and mica slate; but two or three miles within the talcose slate-that is, reek· 
oning from its eastern margin. 

The most valuable ore at Somerset is the magnetic oxide. With this, however, is associated, 
ofien in the same bed, the hydrate of iron. Several of these beds occur in the vicinity, and 
sometimes they are connected with dolomite. The magnetic oxide is generally granular, and 
often easily crumbled into powder, which possesses ko much brilliancy that it has been used aa 
a substitute for smalt. It is so highly magnetic that it strongly attracts the fragments of tho 
oro that have been broken off, and exhibits decided polarity; so as to form very fin e spccimcuB 
of the natural magnet. (No. 845.) 
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The beds of magnetic oxide of iron in th!! west part of Chester, which are nearly a foot wide, 
occur in hornblen<le slate: hut this appears to me to be interstratified with the talcose slate, so 

that probably the ore should be regarded as a continuation southerly of the beds in Hawley. 

Still farther south, large masses of this ore have been found in Blanford; but with what rock 

they are associated, ] know not. 
In the first part of my Report, I have given a full account of the native gold found in connec

tion with magnetic oxide and hydrate of iron in Somerset, Vermont. The usual gangue of the 

gold is the hydrate of iron: but whether enough of the metal exists in it to render it an object 

to separate the gold, has not been determined. Usually quartz exists in connection with the hy

drate of iron. This is porous and contains the hydrate, and exactly resembles the gangue in 

which gold has been found in the Southern States. For comparison, I have placed specimens 

from Somerset and from Virginia in the collection. (No. 848, 849, 850.) 
This porous quutz and the hydrate of iron are very common throughout the talcose slate of 

Hoosac mountain; and the iron rrsults, if I mistake not, as already mentioned, from the decom

position of the carbonate. VVhethcr the hydrate at Somerset had such an origin, I have no meana 

of ascertaining; but if ever gold should be found at other places in this formation, I predict it 

will occur in connect.ion with this hydrate of iron. 
Quartz and hydrate of iron then, appear to be the immediate matrix of the gold of Somersett 

and talcose slate the rock in ,,-hich the quartz and iron are contained. It is rare that we can at 

once trace this metal so satisfactorily to its original bed. But so far as can be judged by speci

mens, we may expect that such will be found to be the situation of the gold in the Southern 

States. For those specimens contain quartz, hydrate of iron, and talcose slate. (Nos. 848, 
849, 850.) 

The getllogical situation of the Vermont go1d corresponds remarkably wilh its situation in other 

countries ; particularly in Brazil. It is described as occurring there, disseminated in a rock, 

called by Al. Brongniart, Siderocriste (Eiscnglimmerscheijer of Eschwege,) and composeJ of 
quartz with the specular and magnetic oxides of iron. (See Tablcu des Terrains, ~c. p. 329: 

Classification des Roches, p S3: and Diction.noire D'Histoire Naturelle, Art. Or.) These are 
the two species of iron ore that occur at Hawley: and it ought to be recollected, that in the 

vicinity of the iron mine in that place, quartz predominates so much, that I have described the 

rock as a variety of quartz rock. It is said, indeed, that siderocriste is connected in Brazil with 

mica slate. But in the rock at Somerset mica occurs : and I am by no means confident that some 

geologists would not regard it as mica slate ; and besides, the mica and talcose slates are inter

stratified and otherwise more intimately mixed ; so that I am disposed to believe that the forma

tion which I have called talcose slate, in Massachusetts and Vermont, c~rresponds to that con

taining gold in Brazil, as nearly as could be expected in countries so remote. And although at 

Somerset the gold bas been found chiefly in the hydrate of iron, yet it probably exists also in the 

magnetic oxide, and not improbably in the micaceous oxide at Hawley. The ferruginous breccia 
that covers the siderocriste in Brazil, and prvbably contains platina and diamonds ns well as gold, 

has not to my knowledge been found in Vermont or Massachusetts; yet it may be found still 
as very few researches have been made on this subject. ' 

We ought to guard against the idea that all gold must occur in talcose slate, because we know 

that some does j and because the happy suggf'stion of Mr. Eaton on this subject led to the dis

covery of that at Somerset. For veins of quartz containing this metal traverse other rocks in 

France, Peru, and Mexico. They occur in granite, gneiss, mica slate, and talcose slate. (Dic
tionnaire D'Hisloire Naturelle, Art. Or.) Hence we may find it in all these rocks, which are 
so intimately associated in Massachusetts and Vermont. 

Another interesting ore in the talcose slate of the Hoosac mountain range, is manganese. Jt 
exists in beds or interstratified layers in the slate, precisely like the cres of iron above described. 
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These beds are found in Plainfield, and severaJ of them occur near one another, at two principal 

places, which are represented on the Map: that is, we find smaller and larger beds within a few 

feet or rods or one another. These beds are rarely more than three or four feel thick. Their 

surface is black or dark gray, apparently the common pyrolusite. But on breaking open 

the mass, we usually find its interior to be of :i beautiful rose red. This ore has been re

cently analyzed by Dr. Thomson, and found to be a bi.silicate of manganese. Jn the ~tone walls, 

a litlle northeast of the meeting house in Cummington, numerous large blocks of this ore are 

found, which were probably transported thither Crom the beds above described, by a diluvial cur

rent from the north: though to reach this spot, tliey must have passed over a deep valley, 
through which a branch of Westfidd river now runs. 

Connected ·with the bowlders of thi : manganese ore in Cummington, I found small but well 

characterised masses of carbonate of iron. 

Jn the beds of steatite that have been described, se,·eral minerals of interest occur. .Foliated 

bitter spar exists in almost every one of them; especially at Middlefield, Windsor, Zoar, and 

Marlborough, Vt. At Middlefield it is sometimes three or four inches in diameter, enveloped in 
masses of Oclicate green talc; and is either white or of a salmon color, so as to form elegant spe

cimens, as may be seen in the collection. Jn Zoar and Marlborough, and also in connection with 
the serpentine in Newport, R. l. the columnar variety, called miascite, occurs. In Marlborough 

and Newfone, Vt., are found also those insulated rhomhohedral crystals, callr.d Rhomb Spar. In 
the biller spar of Middlefield, sometimes ocnr tremolite and hepatic sulphuret of iron. The 

ligniform and compact varieties of asbestus are found in the same steatile bed. They exist also 

in Zoar. At the soapslone quarry in lhe east part of Windsor, has been found a small quantity 

of chromilc of iron of good quality. Sulphuret of molybdenum is said also to have been found 

in the Middlefield steatite; and the variety of talc called nacrite, occurs half a mile wrst of the 
meeting house in that town. 

No mineral is mort' common at these steatile beds than actynolite. lt is in bladed crystals, 
long and slender, yet generally very distinct, being mostly six sided. It is found at Mi<ldletield, 

\Vindsor, Zoar, &c. But the finest Ypecimcns come from Blanford, Mass., and Newfane, Vt. 
At the former place it is scimetimcs in radiated masses. 

It has been already stated that imperfect crystals of hornblende are sometimes disseminated in 

one variety of talcose sl:itc. The fin ely fibrous hornblende I have also found in quartz belong

ing to this same rock. But the mo•:l remarkable variety of this mineral is the fascicular. 
Thelan1imc, sometimes three or four inches long, anJ generally more or Jess curved, are disposed 

pcrpc1.clicularly to the layers of the !i.latc, so that their edges appear on the surface. When that 

surface is light colored, as in Nos. SM, 863, the distinctness and re5ularity of the fascicular and 

scopifC'lfm groups of hornblende are ,·cry striking. If this variety deserves a distinct name, 
none can be more appropriate than fascicu/ite, under which I long ago described it in the Aml'ri

can Journal of Ecicncc. 

The chloritc .slate abounds, throughout its "hole extent, with distinct crystals of octahedral 

iron ore. They exist also in the common talcose .slate, bi1t not so frequently. The chlorite ~late 

in \Vimlsor, also, near the most castC'rn soapstone quarry, contains numerous crystals of rutile, 

imbe<ldc·d m the feldspar, or rather in graphic granite, which frequently occupies the seams of 

the sh.1tr>, or forms small irrC"gular masses in it. But although the specimens are fine, it is with 

extreme difficulty that they can be obtained. It is a fact worthy of notice, th:i t this rock in 

Scotland, where it is travrrsed by quartz veins, ahouncls in titanite; showing a very great simi· 
)arity in the causes by which it was produced in distant countrit's. 

Near the locaiity of chromite of iror. in the Wl"St part of Chester, a mineral occurs in the t:-tlcose 

slate, (No. 2181,) in distinct prisms of a black colour, which I shall call hornblende. But 1 

78 
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should not be surprised, if a more careful examination than I have found lime to make, should 
prove it to be acmiie, which comes to us from Norway only. 

Theoretical Considerations. 

The general theory of the origin of talcose slate, like that of mica slate, 
will be better understood in the last part of my Report. There is, howev
er, one variety of talcose slate, which occurs half a mile west of the meeting 
house in Hawley, and affords an evidence not found in our mica slate, of the 
action of heat sufficient to produce partial fusion. I refer to the porphyritic 
variety, which I do not find described in European works. It seems to me 
that every thing which we know of the chemistry of crystalization, forbids 
the supposition that the porphyritic structure can ever result from any other 
than an igneous agency. For in what laboratory have distinct crystals been 
produced in the midst of a mass essentially uncrysta!ized, except from heat 1 
But it is well known that the porphyritic structure is not unfrequently met 
with in rocks whose volcanic origin is certain ; even in the products of ex
isting volcanos. 

In the present instance the almost entire absence of stratification and a 
slaty structure in the rock referred to in Hawley, gives additional probability 
to the idea of its having been once in a state of partial fusion. 

12. SERPENTINE. 

Perhaps there is no rock whose origin and geological relations are so un
settled as serpentine. Its external characters are not, indeed, obscure; and 
analysts have given, with accuracy, its ultimate elements. But is it an al
tered or unaltered rock 1 If altered, what was the original rock? Is it 
stratified, or unstratified? primitive, or transition? These are questions on 
which geologists are not yet agreed. The Dictionnaire Classique D'Histoire 
Naturelle, says, that serpentine is 'principally situated in the latest of the 
primitive rocks and in the intermediate class.' Brongniart doubts whether 
it is focrnd so low as the primary rocks; (terrains agalysiens ;) and he says 
that 'no rock of this group, (Ter. Plut. Ophiolithique,) exhibits even a ten
dency to stratification.' (Tableu des Terrains, Src. p. 350.) De La Beebe 
classes it with the unstratified rocks. (Geological Manual, Second Edition, p. 
487.) But Dr. Macculloch considers it as sometimes stratified and sometimes 
unstratified; and accordingly enumerates it in both these classes; (System 
of Geology, Vol. 2, p. 197.) an<l also as a venous rock. He says, also that 
it occurs in connection with granite, gneiss, micaceous, chloritic, aud ar~illa
ceous schists. His account of this rock corresponds most nearly with its 
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characters in Massachusetts; and here if I mistake not, it is almost always 
stratified. At least, the exceptions are less important than in the case of 
limestone; and since I have placed all our limestones in the stratified class, 
I shall do the same with our serpentines. In almost all cases, also, our ser
pentines are connected with the oldest rocks; such as gneiss, mica slate, and 
talcose slate: and if we have any rocks that are primitive, serpentine is one 
of the number. 

Lithological Characters. 

I. Compact Serpentine. This embraces two mineralogical varieties, lbe common opaque ser
pentine, and the translucent, delicate green, noble serpentine. They are of various degrees of 
hardness, and t!ieir fracture is sometimes splintery, sometimes granular, and somelimes foliated 
spl:nlery. The colors and their intermixture arc very various. (Nos. 870 to 885.) 

2. Serpentine and Talc. The talc is either foliated or in the condition of steatite. Often it 
is very obvious that the specimen is in au interme-<liate stale between serpentine and steaHte. 
Indeed, all the gradations between the two rocks may sometimes be seen, partjcularly in the 
beds of serpentine and steatite cmbra.ced jn gneiss, in Pelham, Shutesbury, and New Salem. 
The color of the rock in these cases is quite black. (Nos. 886 to 893.) 

3. Serpentine, Talc, and Schiller Spar. In this variety, also, the serpentine, as well as the 
schiller spar, are almost blnck; while the talc is green, and sometimes quite brittle. This 
variety occurs only in Blanford, Russell, and Westfield, so far as I have ob.served . (Nos. 
804, 895.) 

4 . Serpentine and Carbonate of Lime. The latter mineral in this variety is white, and the 
former green, or black. The proportions in which they are mixed is very vadous. The lime
stone is sometimes saccharoitl.al, and thus this rock forms the Ophicalce Grenue of Brongniart, 
who refers to Newbury as one of its localities. (Nos. 896to 899.) In other cases as in Mid
dlefield and Becket the limestone is compact. (Nos. 1954, 1955.) 

Other mincrnls found in serpentine sometimes essentially modify its characters : such as acty· 
nolite, asbestus, massive garnet, compact feldspar, &c.: but such varieties are hardly worth no
t icing in this connection. 

Topography, Stratification, and .flssociated Rocks. 

Since I ha.ve so particularly described the localities of our serpentine in the first part of my 
Report, it may be practicable, without confusion, to bring together all that I know of its strati
ficat ion and associations, in a topographical order. 

It will be seen, by the Map, that the most numerous and important beds of this rock occur 
near the central parts of the Hoosac mountain range, and especially in connection with, or in the 
v icinity of, the talcose slate. In Windsor are two beds. The most easterly bed is only a few 
rods from a bed of steatite; the latter rock appears in the hill forming the south bank of a branch 
of Westfield river, and the former in the opposite bank. Both the beds are obviously interstratified 
with chlorite slate, not far from the junction of this rock with common talcose slate. ]ts color is 
a pleasant rather deep green; its structure between granular and splintery; and it contains small 
disseminated fragments of chromite of iron. lt is distinctly ~tratified; the strata running north 
and south, and standing nearly perpendicular; which is tbe usual dip of the rocks in the vicinity; 
though the chlorite slate, a few rods east of the serpentine, dips east about 70° or soo. Not 
only is this serpentine stratified, but I observed here, as well as in the same rock in the west 
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part of Chester, a strmture which might properly be called schistuse; especially where the rock 

had bE:en weathered. The s\aty lamin<E, however, are rather thick ancl irregular, nor do they 

exleml through the whole heel. 
The other serpentine locality in Windsor, is in the northwest part of the town, on land of 

Samuel Chapmh.n. ]t occurs at the surface only in la rge bowlders; though I cannot doubt but it 

PXists j ., place beneath the <liludum. The rock surrounding it is g~eiss aller.naling with mica 

slat...:. The serpentine rf:sernblcs that in Zoar, and like thnt passes rnto stE".a.titc so insensibly, 

that the eye cannotdistingmsh between the two minrrals; and specimt-ns may l::c found in cyery 

intcrrnerliatc degree of hardness. B1.:t the serpentine greatly predomir.ates. 

The situation of the serpentine in Zoar, is similar to that of the first btid in VVindsor, just de

scribed . ]t occurs on the north side of Deerfield river ; and the e<lges of the strata are here lai<l 

bare. They consist of takose and mica slate, with green and "bite steatite interstratified, the 

strata being not far from perpendicular. As nearly as I coul<l ascertain, thC're are several beds 

of the serpcnfr1e at this place : though the numerous frngments of the rocks that are broken and 

mixed along these cliffs, render it clifficult to determine all the allernations. It may be of conse-

quence to remark, that in one instance at least, 1 noticed lying-next to the stea-

tite. Tl1c serpentine at this locality is the common uniform in its color; but of a 

lively green. In some instanct'S there is a mixture of the serpentine with the stcatite. 

Jn Cheshire, a little east of lhe Four Corners, is a bed of hard serpentine in gneiss: though 

the extent of the bed it is difficull to ::iscerlain, on account of the accumulation of detritus. 

The most northern bed of serpentine in Middlefield is connected with the most northern bed or 

stealite io that place already described. The Uc<l in the south part of the town is the largest in 

Mass::i.chusetls; b(>ing from four to six miles long, and perhaps SO or 100 rods ·wide. It extends 

into the west part of Chester, where it appears on the east siJe of \i\1'cstfiP1d river, 1ising to the 

height of300 to 400 feet; and is succecd~<l on the cast by talcose slate, 'vhich rises still higher. 

I examined this rock in the south part of M i<ldlt:!field, an<l found it distinctly stratified; tbc strata 

running a little east of north, and dipping easterly, from 70° to soo; corresponding, in these 

respects, with .he adJoining strata. On the west this bed is succeeded by distinct hornblende 

slate, both in Middlefield and Chester. In the latter place the serpentine is somewhnt stratified 

and exhibits also a slaty structure. The dip, corresponding with that of the talcose slate 

on the east, and the hornLlende 1->\a te on the ,\·est, is nearly perpendicular; and the direc~ 

tion rather more east of north than in Middlefield. Forming the east bank of the river, the 

ledges of this rock seem tn have suffered much from abradi11g agents; and the surface is much 

broken to pieces and the sides very steep. 
I ohserved the Flora of this serpentine ledge to be rather peculiar. Jt abounds with the 

sassafras and Prunus Lorealis; the former of which, especially, is scattered rather sparsely 'n-er 

the neighboring hills. Polygala paucifolia, Saxifraga pcnnsylvanica, and Convallaria bifolia, I 

noticed also in g1eat quantities . llex canadensis I observed likewise, as well as a rare specif'S 

of Arenaria. Lichens and mosses, however, are rarely seen upon this serpentine. 

Specimens that may be called noble serpentine do occm in Middlefield ; but for the most part 

•the rock is the common variety, of -a pale green color, and compact structure, abounding, 

'however, in dark spots from the presence of chromite of iron. 

Following the direction of the strata southerly from Middlefield a few miles into Blanford, 

we come to the bed of limestone, already described. Little more than a mile north of this lime

stone, and aboat five miles nortbwest of Blanford meeting· house, on the old road to Becket, and 

on the northeast side of a pond, there exists a bed of serpentine, which shows itself at the.s.uriace 

ovffr a space about 30 rods in diameter, and it rises 30 or 40 feet above the general level. This 

large bed evidently occupies the satne geological position us that in Middlefield ; for the horn

blende slate, freqaently epi<lotic, lies fo immediate contact with it on the west side; and though 
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norock in place appears on the other side, yet we have much reason to believe that talcose slate, 
or talco-micacrous slate, exists there. Not improbably this serpentine is connected without 
interruption with the 1\liddlefield deposit. This would make the whole bed ten or tweh·o 
milt>s long. 

The Blanford bed is for the most part as distinctly stratified perhaps as that at l\Jid<llefield ; 
and its tendency to a slaty structure I think more distinct. The dip and direction of the strata 
seem to correspond to those of the hornblende slate ia imme<liate ,contact, viz. the direction nortb 
and south, and the dip east, 60° to 70°. 

Nearly between the Blanford and l\1i<ldlefiel<l beds, another occurs in connection with a bed 
of stentite, in the west part of Chester. Hornblende slate bounds these bed.s on the west side, 
and talcose slate on the east side. 

Four or five miles south of the bed of serpentine in Dlanford above described, is another, not 
more than 40 or 50 rods east of a soapstone quarry one and a half miles southwest of the center 
of the town. This serpentine is in mica slate, which dips easterly; and it is distinctly 
stratified. There is nothing striking in its appearance. The width of the be<l is several 
rods. 

J ha.\•e reason to suppose that another bed of serpentine exists in the eastern part of Blan
ford, though I ha\·e found only bowlders. But the specimens are of so peculiar a character, 
that 1 cannot refer them to any known bed. They consist of green serpentine, talc, and schil
ler spar. (No. 892) 

The serpentine forming the delicate vcrl cmtique at l\fo.ldlcficld and Becket on the Western 
Ruil Road, (Nos. 1953, 1954, 1955,) ought perhaps to be reg:trdcd as intermedia te between 
limestone and serpentine: or rather, as the former converted into the latter; and, therefore, 1 
haYe placed the specimens among the limestones. Certainly there is no line of demarcation be
tWCl'll the substances. 1 need not repeat that this bed of limestone jg in gneiss. Jn excavating 
the rail road on the south side of the riHr in Becket, huge blocks of the ;ibove Jescription ha\'C 
been thrown out. 

The serpentine bed in Westfield is in mica slate, whose foyers lean only a few degrees to the 
west. I speak here of the most southerly point of its appearance. Here it is about four rods 
wide. It occurs near the junction of the new red sandstone and the mica slate. This mica slate 
contains numerous veins and protruding masses of granite; and one mass of this rock lies within 
three or four feet of the si>rpentine, if it does not achmlly touch i1. The serpentine is distinctly 
stratified; the dip and direction of the strata conforming lo those of the mica slate. Its predomi
nant color is black; but it contains a mixture of indurated greenish talc, and an amphibolic 
mineral of a gray color. (No. 893.) A considerable part of the rock, however, contains granular 
carbonate of lime: or rather in some p;}rts of the bed this mineral predominates, and the serpen
tine is disseminated through it in small pieces. (No. 899) 

Nearly half a mile north of this spot, serpentine again appears on the north bank cf Westfield 
river in Russell; and I ha.ve strong reasons for believing it to be a continuation of the bed in 
Westfield just described. The rock in llussell is a mixture of black serpen~ine with green, the 
latter being sometimes very compact and tra\•ersed by nins of induratcd talc or Deweylite. 
(No. 885.) 

1 can hardly doubt but many more beds of serpentine might easily be discovered in the Hoo
sac mountain range, if e\•er it shall be an object to make such <liscoveries. I make this illfcr
ance from the fact that I have found some of those above described, under circumstances the most 
unfavorable. 

On the l"DSl side of Connecticut river hut few beds of serpe-ntine have been found in Massa
chusetts. That marked in Pelham occurs in the southwest part of the town, and exhibits itself 
over an nrea of on!J a few square rods. One may doubt whether this rock should be called ser-
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pentine , or steatite: for these two minerals enter into its composition. In general, however, the 
form er, which is of a black color, predominates. It also contains a considerable quantity of as
bestus. This bed lies in gnei ss ; allhough the actual con lacl is hidden by the soil. But at a 
little distance on both sides this rock appears, and no other rock occurs in the vicinity. 

The steatite marked. as occurring in Shutesbury appears to be passing in some parts into black 
serpentine; as may be seen from the specimen, No. 805. At the steatite bed in New Salem this 
change is still more decided, so that large blocks of what must be called black scrpentiue are 

found there. (No. 890.) 
In giving an account of the limestone found at Newbury, I have mentioned near1y every im· 

portant circumstance respecting the serpentine of the same spot. lt occurs there in veins or 
irregular masses of only a few inches in diameter. It will be seen by the polished speeimens 
that several varieties at this locality are very beautiful; but they are so intersected by various 
minerals that only small pieces can be obtained. 

At one of the limestone quarries in Littleton, I observed that small masses of green serpentine 
were disseminated in the rock. (No. 489.) At Bolton, also, according to Dr. Jackson, it occurs 
in considerable quan~ity. 

1 can hardly add any thing to the description which I have given on page 159, of the extensive 
deposit of serpentine in Lynnfield. It occurs along the eastern border of the gneiss formation, 
which not improbably may here pass into talcose or hornblende slate. 

Mineral Contents. 

Serpentine bears a strong analogy to sleatite in its mineral contents, as well as in several other 
respects . Nearly all the simple minerals that have been described as existing in our steatite, 
occur also in the serpentine. The beautiful green amianthus of Newbury has already been men
tioned, and the asbestus of Pelham. At \Vestficl<l well characterised actynolite occurs; and 
also a mineral which I am disposed to refer to anthophyllite. (No. 911.) Here is likewise found 
a mineral, ol!cupying a vein ·nearly a foot in width, which is either petalite or scapolite. (Na. 
901.} It needs farther and more accurate examination. At the same place, as well as in the 
serpentine at Newbury, we find massive garnet. In Russell, in a supposed continuation of the 
Westfield serpentine, are found veins of amianthus traversing the rock. In the same rock~ and 
in the Middlefield serpentine, as well as that of Newbury, is a variety of serpentine which has 
been denominated Deweylite, in honor of Prof. Dewey. Chalcedony is also found in the Mid
dlefield serpentine; and it sometimes passes into hornstone. Large rolled masses of these min
erals, sometimes weighing 200 pounds or more, often agatized have been found in Middlefield 
and Chester, which probably proceeded from some serpentine locality. Dr. Emmons says, that 
steatite is c:rystalized distinctly in the serpentine at Middlefield; and he does not regard these 
crystals as pseudo-morphous; although they correspond in for.m exactly to those of quartz. Jn 
the serpentine of that place drusy quartz occurs, which is extremely beautiful. The dark green 
schiller spar found in the serpentine of Blanford, Westfield, and Russell, has been already men
tioned. It occurs in foliated masses. But the most important mineral in the serpentine of Mas
sachusetts is the Chromite of Iron, whose analysis has been given in the first part of my Report. 
It exists disseminated more or less in minute grains, through nearly all the serpentine of the 
Hoosac range. But it has been met wilh in quantity at only two localities. In the serpentine 
jn the northwest part of Blanford, it exists in tuberculous masses, rarely as much as a foot in 
diameter. A more prolific locality is in the serpentine in the '"est part of Chester, near the 
rail road. ~o far as I can ascertain, it Joes not there form a vein, but only au irregular mass ; 
bow extensive I cannot say. It is situated perhaps 300 feet above where the rail road is exca
vated through the serpentine, and on the same side of the river. The serpentine of Lynnfield 
frequently contains an incrustation of the carbonate of magnesia. (Nos. 2183.) 
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Theoretical Considerations. 

The preceding description will show that the serpentine of Massachusetts 
corresponds essentially, as to position and character, with those serpentines 
in Europe that are connected with the oldest rocks. But I am not aware 
that any statements which I have made, will throw additional light on the 
obscure subject of its origin. From the statement of Dr. Macculloch (Ed
inburgh Journal of Science, Vol. I. p. I.) and De La Beche, (Manual of Ge
ology, p. 497 ; '2d Edition,) as to the connection between serpentine, trap, and 
limestone, one would be led to infer that the first mentioned rock might have 
resulted from a mixture of the trap and limestone. But only a part of the 
serpentines of Massachusetts could have thus originated. The Newbury 
serpentine, a part of that at Westfield, and that in Middlefield, are associated 
with limestone, and may have resulted from some metamorphosis of that 
rock. Indeed, the character of that in Middlefield and Becket is very favor
able to such a view. But in general our serpentines are entirely separated 
from limestone; and in respect to the gneiss east of Connecticut river, con
taining one or two of these beds, the whole extensive range does not to my 
knowledge embrace a single bed of limestone. But in nearly all cases our 
serpentines are associated with talc, either pure and foliated, or as steatite, or 
chlorite slate, or talc and quartz. The two minerals, (talc and serpentine,) 
are intimately blended together and pass into one another by insensible gra
dations. And in all the cases described by the writers above referred to, 
talc was present. Is it not natural then to suspect that serpentine is talc, or 
talc serpentine, chemically altered by heat? And since the talc is schistose 
and the serpentine compact, the latter must have been produced from the 
former. In some cases it is easy to imagine that the heat might have been 
powerful enough to produce perfectly fused, and of course compact serpen
tine, protruding among other rocks in the form of veins; while at other 
times the fusion was only partial, not sufficient to destroy entirely the strati
fication. The great similarity in the chemical composition of serpentine 
and talc also favors the idea that they had a common origin. Both are com
posed essentially of silex and magnesia, with a considerable proportion of 
water. But I make these observations with little expectation that they will 
stand the test of observation. It may be found that serpentine has been 
produced from various rocks, which contained the necessary ingredients. 
But that heat has been employed in its production, cannot, it seems to me, 
be reasonably doubted ; not that it is a metamorphic rock. And these facts 
explain at once all the diversities of opinion, respecting its stratification and 
relative age which we find among geologists. 
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IS. HORNBLENDE SLATE. 

I use this name as a substitute for Dr. l\tlacculloch's Hornblende Sc!tist; 
and I include under it the same varieties of rocks. These varieties are such 
as other geologists have described under the names of hornblende rock, 
hornblende schist, and greenstone slate; all of which, I believe, occur in 
Massachusetts. In reading Dr. Macculloch's masterly description of the 
primary rocks of Scotland, I can hardly conceive that he is not describing 
those of New England; so perfect is the correspondence. Hence I have 
followed that geologist in describing most of the primary rocks ; though I 
reject some of his distinctions. 

All the varieties of rocks mentioned above, viz. hornblende rock, horn
blende schist, and greenstone slate, occw-, I believe, in l\tiassachusetts; and 
the system which regards them as separate formations, has long rendered 
their history obscure and perplexing. But by uniting them, as Dr. Maccul
loch has done, and regarding them as mere varieties of the same formation, 
very much of this obscurity vanishes. 

Lithological Cltaracters. 

l. Of llornblende alone. Sometimes this variety js laminar, and sometimes fibrous. \Vhen 
fibrous, it is slaty; when laminar, no slaty structure can be perceived, nor any stratification, 
even in beds of considerable extent. This is the rock that has been sometimes called hornble11de 
rock. (Nos. 914 to 928.) 

2. Hornble11de and Feldspar. Generally the hornblende is crystaline, and the feldspar fo1iate<l, 
or granular; but sometimes both ingredients are compact. In this varie.ty there is usually little 
appearance of stratification, or of a schistose structure; though this is not generally true of the 
whole bed. And sometimes, as in \Vhritely, where this rock often assumes a columnar form on 
e. small scalr-, a schistose structure may still be sr-en. Sometimes the feldspar in this rock, as in 
the west vart of Northfield, is finely granular, or even assumes a pulverulent appearance; while 
the hornblende is distinctly crystalinc. When the ingredients are both crystaline, the rock fur
nishes a good example of hornblende slate. This variety is usually interstratified with gneiss 
and passes insensibly into that rock. (Nos 929 to 951.) 

In Whately is a curious variety of hornblende in which the hornblende is light green 
antl the feldspar white and compact. A casual would leave the impression that the 
rock is sieuite. But a little attention shows a very decided slaty structure. The hornblende 
also predominates. This is the only example 1 have met with, in which the slaty variety con
tains compact feldspar ·without being porphyritic. (No. 947.) 

Asso~iated with a large proportion of the hornblende slate in the vicinity of Connecticut river, 
is a variety that falls under the present division, that is most decidedly, and sometimes very_ 
beauti.fully por~h?itic. The feldspar is yel!owish wl1ite, between foliated and granular,although. 
sometimes retarnrng the form of the crystal Ill considerable perfection. The hornblende is sub
crystaline, and in the greate~t qu~ntity: Sometimes sca~es. of mica are present. The slatl 
structure may usually be seen m tlus variety, though less distinct than in most other varietie~ of 



Varieties of Hornblende Slate. 621 

this rock. There is scarcely a more distinct variety of porphyry in the State than this; and 33 

it admits of being smoothed, and probably polished, it would form unJ.ouOtedJy an interesting 

ornamental stone. It is more common to meet with this rock iu rolled masses than in beds; and 

hrnce I infer that its beds are rather limited. (Nos. 944 to 946.) 

I have found a remarkable variety of this porphyritic hornblende slate in Canton and Easton, 

near the Blue hills, and also in Waltham, in rolled massE:s. lts peculiarity consists in the fe}d. 
spar being compact, yet exhibiting the form of the crystal. The feldspar is white and the schistosc 

structure of the rock distinct. (Nos. 948 to 950.) Whence this rock originated I am unable 

· to say; though probably somewhere not far from the outer limits of the gneiss range, which 

lies west of the greenstone and sienite around Boston. It is quite obvious that this rock must 

have been so nearly fused as to destroy the foliated structme of the feldspar, yet without essen
tially impairing its crystaline form. 

3 .. Hornblende mid Quartz. (Nos. 952 to 957.) In general, this variety probably contains 

15ome feldspar also. The hornblende in a crystaline state forms the principal ingredient. The 

quartz is granular. The rock is slaty; and is sometimes traversed by veins of quartz or gran
ite. It does not form a common variety. 

4. Hornblende, Feldspar, and JllEca. This approaches to gneiss : but I do not call it gneise 
when the hornblende predominates. The mica is usually in smallquantity, and the feldspar and 

quartz sometimes traverse the rock in numerous minute veins, which seem to have been fre
quently cut off and shifted by one another. (Nos. 958 lo 963.) 

5. Hornblende and Epidote. This latter mineral sometimes constitutes so large a proportiou 

of the rock, that ] thought it ought to be regarJed as a coastituent of one of the varieties o( 

hornblende slate. Generally it is granular and disseminated through the rock, giving it a pecu

liar green tinge: but sometimes it is imperfectly crystalized in cavjties, and sometimes in veins. 
(Nos. 964, 964 1-2, 965.) 

6. Ilomblen<le and Chlori.te. This variety is rather uncommon: but I have met with it in 
Whately, Shelburne, and perhaps some other places. Sometimes it passes into genuine chloritc 

slate. (No. 967.) 
7. Acly11olite Slate. This is found in gneiss in Shute:;bury; and I know of no other well 

marked locality. It occurs near the mineral well near the center of the town. The rock is 

slaty and is composed of fibrous actynolite1 foliated feldspar, mica, hornblende, and quartz, ar

ranged somewhat in layers. It is obviously only gneiss which takes into its composition a large 

proportion of actynolite. In Belchertown I found a loose Sj)ecimen, in which the actynolite was 
granular and in large quantity, _and the rock was not slaty. (Nos. 969 1 969) 

I doubt not that other and still more compound varieties of hornblende slate might be found 

among our rocks: for this rock passes by imperceptible gradations into almost all those with 

which it is associated. Under talcose slate, I have noticed, for example, a variety contaioing 

hornblende, ·which might as well h'.:lVe been reckoned in this place. Under mica slate, I have 

also noticed an amphibolic variety, in which the hornblende sometimes predominates. 

Topography of Hornblende Slate. 

Every deposit of hornblende s1ate which I have examined in New England, is associated 

either with gneiss, talcose slate, mica slate, or quartz rock. The hornblende slate marked upon 

the eastern border of the principal deposit of gneiss in the eastern part of the State, is usually 

associated not only with the gneiss into which it passes, but also with more or Jess of quarb. 

rock and mica slate: which are not exhibited on the Map, because usually occurring on so small 

a scale. The hornblende rock is frequently in this region (and the same may be said of the 

r-0cks associated with it,) almost destitute of a slaty or a stratified structure, and might easily be 

79 
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mistaken for trap rock. This makes it extremely difficult to fix the boundaries between the 
stratified and the unstratified rocks. \'\.,.here the hornblende slate occurs some distance from the 
unstratified rocks, as at Marlborough, its slaty character is quite perfect. It alternates more or 
less with the gneiss and passes into that rock by insensible gradations. Hence the space where 
this rock is marked on the Map, must not be considered as pn~isely defining its limits ; but 
only as an indication that it abounds in that region. 

The deposit marked on the Map as extending from Monson to the north part of the State, is in 
like manner often interstratified with the gneiss: iodee<l, the alternations are oflen so frequent 
that they occur several times in a hand specimen; as may be seen in Nos. 1031 1 1032. Such 
specimens present us with a beautiful illustration of stratification on a small sca~e The regularity 
of the divisional planes in the range under consideration1 is generally quite striking. 

The deposit of this rock in the west part of Northfield, north part of Gill, and east part of 
Bernardston, i~ represented as in contact with mica srate, quartz rock, and new red sandstone: 
and such I believe to be its associations. The hornblende slate of this region is sometimes slaty ; 
but very frequently it resembles greenstune:, exhibiting even sometimes a passage into sienite. 
In some parts of the bed no marks of stratification, or slaty structure, appear; but they are al· 
most uniformly present in other parts. In one instance, at ]east, a vein of white fetid quartz, 
nearly a foot wide, traverses this rock. This spot is on the road from Gill to Bernardston. The 
quartz near the edges of the vein contains foliatE'd masses of feldspar. 

Hornblende slate is frequently found alternating with the mica slate of Franklin County ; par
ticularly in Leyden, Colraine, and Heath. I have marked, however, only a single strip of this 
rock, covering the region where it is most abunJant. In the west part of Shelburne,. we find 
this rock, which there appears to be connected with a limited deposit of gneiss. 

On the borders of the prtmary ranges on both sides of the valley of Connecticut river, we 
meet frequently with narrow deposits of this rock. In passing from the sandstone towards tl1e 
gneiss, we usuatly first strike mica slate and then hornblende slate : but sometimes, as in the 
&otlth part of Wilbraham, the latter appears first. Of course, the hornblende slate marked on the 
.Map, just on the borders of the primary rocks in Hampden County, and east of Connecticut 
river, (and the same may be said of almost every other deposit of this rock,) may not be found 
always in the field in precisely the situation which it occupies on the Map. 

About one mile north of Whately Meetinghouse, we find a limited deposit of hornblende slate, 
on the west side of the street, probably succeeding the red sandstone. Passing westerly not 
more than 100 rods, we cross almost every variety of this rock, that has been named: the com
mon hornl•leod1~ slate, which predominates: also that containing epidote, which is frequently di
v·ldcd into rhomboidal masses of wnsidt!rable regularity: then we come to a variety, where the 
slaty and stratified tendt>ncy begins to be lost in the trappose or columnar: next we strike the 
peculiar variety already described, as containing white compact feldspar: finally succeeds mica 
slate. In describing sienite l shall ref~r again to this spot. 

The strip of hornblende slate marked along tht> eastern margin of the gneiss range in the west 
part of Hampden County, and the east part of Berkshire, is so interming\P.d with the gneiss on 
one side, and with the mica slate and talcose slate on the other, that it is no easy matter to fix 
upon its true position or extent. I have exhi.bited it in those places ·where J found it most 
abundant. But viewing it rather as II. variety of gneiss, I do not regard its exact situation or ex· 
tent on the Map of any great importance. Traces of this same rock may be seen all along the 
eastern margin of tbe talcose slate ; and in Plainfield and Hawley, it is not uncommon to find 
e~amples of pure hornblende slate: though usually the hornblende forms the least abundant in .. 
gredieut, and ought pe1haps to be considered merely as cry&tali;?;ed hornblende dissemiualed 
through talcose slate. 

Some of lhe hornblende rock in Granville and Tollaod is laminated, and the size of the Iaminm 
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ls often gigantic. J apprehend that this hornblende slate in these towns, is connected with the 

extensive ranges of that rock which one crosses in passing from Lee to Becket. But I am so 

doubtful about the true situation of this rock along the western part of the gneiss range in Berk

shire County, that I have foreborne to represent it on the Map. In the east part of Lee and west 

part <if Becket, it is associated with au6itic gneiss: and both these rocks are obviously varietie3 
of gneiss. 

Strike and Dip of the Strata. 

Though this rock has sometimes a jointed structure, for a short distance, I have not discovered 

any planes of stratification making an angle with those of cleavage of much extent. But they 

may yet be found. The dip and strike usually correspond with the gneiss, mica 8late, and talcosc 

slate, with which this rock is ir.terstratified. In my view, indeed, it ought to be regarded as one 

of the varieties of those formation~, probably produced during the same geological period. 

Middlefield. 
Becket, E part. 

do. W. part. 
Blanford, N.part. 

do. N. W. part. 
Granville. 
Chesler, W. part. 
llowe, N.part. 
Shelburne. 
Northfield, W. of Ct. River. 

do. S. Mt. 
Bernardston, E. part. 
\Varwick, Mt. Grace. 
Orange, from center to \V. line. 
S. Orange. 
South \~1 ilbraham. 
Monson. 

Westborough. 
Marlborough. 
Sherburne, towards Holliston. 
'Vrentham, 2 ms. N. '\V. of center. 
Cumberland, R. ]. 
Smithfield, R. I. lime quarries. 

Troy, E. part, near Hick'sM. House. 

Strike. 
N.andS. 

do. 
do. 
do. 
do. 
do. 

do. 
E. and W. 
N. and S. 
N. 30° E. 
N. and S. nearly. 

do. 
S.20°E. 

N. a few degrees E. 
N. and S. nearly. 
~.andS. 

do 
N. E. and S. W. 

do. 
N. W. and S. E. 
N. E. and S. W. 

do. 
S.E.antlN. W. 
E.andW. 

l>ip. 
70q to soc East. 
goo, 

E. 70° to so. Q 

goo. 

E. 60cto70. 0 

go. 0 

90ci nearly. 

S. Small. 
E. 45.:i to 90. 0 

S. E.large. 
E.Jarge. 
E. 50° to 60.0 

E moderate. 
E. 70.0 

E. large. 
W. 45°to90.0 

50°to70.0 N. W. 
soc to 90.::i N. W. 

N.E. 
s. E. 
S. E. 40.0 

N. E. 30° to 45.0 

N. Jarge. 

This rock is frequently remarkable for the numerous and complicated contortions which its 

layers exhibit, often rivalling in this respect, mica slate and gneiss. Not unfrequeutly these 

irregularities appear to be increased by the passage of granite veins through the rock, ns in 

Granville. 
.Mineral Contents. 

So far as it has been ex.amined, no rock in the State appears to be so barren of interesting 

mi.nerals as this. Garnets are perhaps the most common, and generally they are of a blood red 

color-probably in 6ome cases the p,yrope. Jn Rowe, epidote occurs in this rock in n state of 
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such purity that it deserves to be mentioned. In Middlefield and Chester, sph~ne has been ob
served in it. la its cavities also, not unfrequently, as in Charlemont and VVhately, I have 
noticed tolerably distinct crystals of felJspar. The immediate gangue of the plumbago mine at 
Sturbridge is hornblende and feldspar; ant.1 the former minerals constitute the gaugue to a con
siderable ex lent at least, of the arsenical cobalt of Chatham,. Ct. Rutite l have also found in 
hornblende in Leyden, I have already desc1ibed beds of magnetic oxide of iron in this rock in 
Chester. 

Tlieoretical Considerations-. 

It is easy to apply to hornblende slate the theory which imputes to the 
primary rocks an origin partly aqueous and partly igneous. For it is a very 
fusible rock, and may hence easily be conceived to have been sufficiently 
heated to enable it to assume the crystaline aspect, which it almost always 
exhibits. But from what rock did the hornblende slate originate~ The re
searches of Dr. Macculloch appear to have thrown a gleam of light upon 
this difficult question. 'As far as a single fact can prove such a case,' says he, 
'the origin of hornblende schist from clay slate is completely established by 
the occurrence in Shetland of a mass of the latter substance, alternating with 
gneiss and approximating to granite. Here those portions which come into 
contact with the latter, become first, siliceous schist, and ultimately, horn
blende schist ; so that the very same bed which is an interlamination of gneiss 
and clay slate in one part, is in another, the usual alternation of gneiss and 
hornblende schist.' (System of Geology, Vol. 1. p. 210.) In another place 
he says, 'it would appear that the fusion of clay slate, whether primary or 
secondary, is, under various circumstances, capable of generating, either the 
common trap rocks, or the hornb:ende schists: nor is it perhaps ditlicult to 
explain, by a more gradual cooling, and consequently, a slower crystalization, 
the particular causes which may have determined the latter rather than the 
former effect.' (System of Geology, Vol. Il. p. 171.) 

This theory, if admitted, explains satisfactorily the approximation of horn
blende schist to unstratified trap rocks. For some portions of the clay slate 
would very probably be so entirely fused as to obliterate all marks of a strat
ified and schistose structure: and hence by slow crystalization might result 
hornblende rock and primitive greenstone. 

The remarks that have been made in relation to porphyritic talcose slate, 
will apply with still more force to that variety of hornblende slate which is 
porphyritic .. For in the latter case this structure is more distinct an<l perfect 
than in the former. And the more I reflect upon the subject, the more satis
fied I am, that a porphyritic strncture must, in all cases, ha~·e been the re
sult of the agency of heat, 
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14, GNEISS. 

This rock occupies more of the surface in Massachusetts than any other : 
and in all countries of much extent hitherto examined, it is one of the most ex
tensive of the formations. Quartz, mica, and feldspar, are its common and essen
tial ingredients; though hornblende is so often present, that some writers re· 
gard its claims to be considered essential, as equal to those of the other three 
minerals. It is obvious, therefore, that the mineralogical constitution of this 
rock is the same as that of granite. The only difference, indeed, consists in 
the stratified and slaty disposition of the gneiss. This character, however, 
sometimes becomes very obscure ; and then it is almost impossible to distin
guish between the two rocks. They might, therefore, be regarded as varie
ties of one another; differing only in the mode of their production, as in the 
case of the stratified and unstratified limestones and serpentine. Little ad· 
vantage, however, would be gained by such an innovation; and granite and 
gneiss have so long been considered as classical terms in geology, that if pos· 
sible they ought to be retained ; lest that neological spirit, which vain ambi
tion nourishes, should unsettle every principle of the science. 

The gneiss of Massachusetts corresponds almost exactly to that described 
by European geologists, particularly by Dr. Macculloch. Our gneiss, how· 
ever, does not to my knowledge alternate with clay slate, as it does in 
Scotland. I am inclined also to believe, that ours exhibits a greater regular
ity of stratification, producing a fine rock for architectural purposes. 

Although in general the characters of gneiss arc tolerably distinct, yet au 
almost infinite variety of specimens may be obtained, slightly differing in 
the color, arrangement, or proportions, of the ingredients. They may how· 
ever, be reduced to a few leading varieties . 

.Mineralogical Characters. 

l. Grauitic Gneiss. (Nos. 972 to 992.auJ 2226 lo2234.) I suppose this variety to be the granitc
gne!ss of Humboldt. ll certainly approaches very near to granite; and in hand specimens cannot be 

distinguished from a coarse graine<l variety of that rock Evrn for an extent of several ya1ds
1 

we 

c:an sometimes discover no marks of a laminar or stratified stn,1clure: Lut those structures, nt 
least the laminar, usually appear at no great distance, to preYent our regarding the rock as granite. 

It might, indeed, on a superflcial dew, be considered as a vein of granite in gneiss. But the 

masses will be found too irregular for such a supposition; and often thPy are bounded on a1l sides 

Ly well characterized gneiss. It would explain the mode in which this rock presents itself, to 

suppose that a slaty rock was once io a state of partial fusion, while some p01tions Cif it were 
perfectly melted, so as to crysto1ize in the form of a co:::irsc grt1nite; the principal part of tho 

mass cooling before the slaty structure was entirt>ly lost . Jn travelling seYcral miles ] han 
sometimes Licen at a loss to decide whether the rock were gneiss c..r granite, until a very careful 

examination disclosed a partially obsolete parallelism of the mica. I think, however, that ti.ere 
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is a slight peculiarity of aspect in most of the granitic gueiss of Massachusetts, which wcLld 
enable me to distinguish it from genuine granite eyen in hand specimens, which were totally 

destitute of a parallel disposition of parts. But it is difficult to describe the exact nature of thal 
peculiarity. 

2. Schistose Gneiss. (Nos. 903 to 1022.) This is probably the most common \1ariety of our 
gneiss. The structure is foliated like that of mica slate: t:iough sometimes granular with a 
laminar tendency. Some of the best quanies in the State I regard as belonging to this variety. 
It passes frequently into mica slate by the disappearance of the feldspar. 

3. Laminar Gneiss. In this va.riety the diflCrent ingredients occupy distinct layers. When tho 
mica is black, or there is an interlamination of hornblende, the different lamiore are remarkably 
distinct and regular. In some instances, perhaps, this rock may be regarded as composed of 
alternating Ja.yers of gneiss and mica slale, or hornblende slate. (Nos. 1023 to lO•lO.) 

4. Porphyritic Gneiss. The structure of this variC'ty is more or less slaty. But it embraces 
distinct crystaline masses of foliated fe!dspoir. Most commonly these masses are somewhat ovoid; 
but in some instances they present the regular forms of the crystals. The color is sometimes 
white or gray: hut a reddish hue predominates. The imbedded masses vary in size from a 
quarler of an inch in their longest direction, to two inches; and they someti:nes constitute the 
largest portion of the rock. This variety sometimes answers well for architcctwral purposes. 
(Nos. 1041 lo 1050.) 

5. Amphibo/ic Gneiss. I thus denominate that variety which takes a small proportion of horn
blende into its composition : not sufficient to form hornblende slate. This miueral is usually dis
seminated in black foliated masses, from the size of a pin's head to l1alf an inch in diameter, 
through the rock. It occur& only ia tbe vicinity of hornblende slate. (Nos. 1051 to 1054.) 

In the southeast part of Worcester CounLy is a beautiful rock, exteDsivdy quarried, which I 
refer to this variety. One meets with it abundantly in Mendon, Grafton, and the south part 
of Worcester, in blocks got out for building: but I do not know where are its quarries. The 
rock appears to be a granitic gneiss, composed almost entirely of quartz and feldspar, through 
which are disseminated numerous black crystaline masses of hornblende, which have a some· 
what parallel arrangement. This parallelism is almost the only mark by which I distinguish 
this rock from granite. ]t might with propriety be termed sienitic gneiss. (Nos. 983 and 986.) 

6. Epidotic Gneiss. This variety usually contains hornblende as well as epidote. Tile lat· 
ter mineral is very frequently in veins and generally compact. It is sometimes disseminated 
through the rock, giving it a peculiar green tinge. Were this not a common variety of gneiss, 
especially in the vicinity of hornblende slate, it would not deserve a distinct description. It is 
closely allied to the epidotic hornblende slate. (Nos.1055to 1061.) When the epidotic gneis1 
happens to be porphyritic, it forms a beautiful ornamental stone. (No. 1043.) 

7. Au9itic Gneiss. This interesting rock is usually composed of quartz, feldspar, and lively 
green augite, in coarse grains or partially crystaline masses. Occasionally we see present grains 
of black hornblende. The augite seems generally to have taken the place of the mica. The 
augite is disseminated in various proportions through the mass and the slaty structure is quite 
indistinct. (Nos. 1062lo1005.) 

S. Anthophyllitic G11eiss. In the west part of Enfield and in Belchertown, anthopyllite is 
disseminated through the gneiss in such quantity, that it deserves to be considered an ingredient 
of the rock, if it be proper thus to consider amphibole, epidote, and augite, in the three preceding 
varieties. This rock is composed almost entirely of feldspar, quartz, and anthophyllite; mica 
being rarely present. (Nos. 1066, 1067.) 

9. Arenaceous Gneiss. I have found this Iock only in one well marked locality, viz. at 
Southbridge, \Vorcester county; but it seems to me sufficiently peculiar to deserve a distinct 
notice. Jt is composed entirely of quartz and feldspar, which, (particularly the latter,) are in a 
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finely granular statl?; embracing, however, small but distinct crystals of red garnet. Between 

the layers of the rock we find a substance which approaches to talc. This rock is quarried and 

is employed for lining furnaces. (No. 1068.) Perhaps it ought to be described under the next 

variety. 

JO. Talco&e Gneiss. This is composed of feldspar, quartz, and talc; the first ingredient in 

the largPst proportion. Its structure is irregularly schistose: but it has the aspect of a rock 

formed in part by mechanical agency. 

Topography of the Gneiss. 

There are in Massachusetts four separate deposits of gneiss: one in the Hoosac mountaio 

rnnge; two in the central parts of the Stale; and a fourth in the vicinity of New BP.dford, in 

Plymouth and Bristol counties. 

Hoosac .Mountain Range. 

Under mica slate I have already given a general description of the situation of this gneiss. 

Throughout nearly the whole extent of Litchfield county, in Connecticut, it is most distinctly 

characterised. As we proceed northerly into Massachusetts, its characters Lecome less dt>cided. 

The feldspar is less abundant, and the mica more so; and hornblende frequently abounds in it; 
so that viewed on a small scale, it may often be regarded as r.:ica slate. Along the eastern slope 

of Hoosnc mountain, the rock is sooner succeeded by mica slate than along the western slope. 

On this latter side, indeed, distinct gneiss continues nearly across the State, as may be seen on 

the Map; and I am by no means sure but careful resenrch may trace it entirely across the State; 

so as to connect it with the gneiss that appears in the lower part of Vermont, along the eastern 

talus of the Grf'en mountains. At any rate, that Vermont gneiss appears distinctly character4 

ised in the southwest part of Whitingham, near the beds of limestone, a~ shown on the Map; 

and from thence l have traced it as far north as the Somerset iron mine. Here then we have 

two wedge-shaped ranges of gneiss, with thP.ir acute angles towards uch othn, while the space 

between them is occupied by mica slate and talcose slate; and sometimes we find these slates, 

for a limited space, passing into gneiss. 

Jn passmg from Becket to Lee, we cross strata of decided gneiss, till within three or four 

miles of l.ee, when the rock contains a consideraOle proportion of hornblende, and at length be

comes decided hornblende slate. Still nearer lo Lee, the hornblende is replaced by green augite, 

and augitic gneiss hence results. Within two miles of Lee, we meet with limestone; which 

often contains a mixture of augite; and. this mineral, being decomposed at the surface, yet pro

jecting beyond the limestone, the whole rock exhibits a brown very rough and irregular 

aspect; exceedingly like similar compouud.s at the lime quarries in Boltop
1 

Bod>orough, Little

ton, &c. 

The limited patch of gneiss marked on the Map, In Dockland and Shelburne, lies chiefly in 

the ravine through which Deerfield river passes. In its O\O!'t elevated parts, (as on the western 

slope of the high land in the west part of Shelburne, and ou the opposite side of the rinr in 

Buckland, on the stnge road between the two bridges over Deerfield river,) this reek is ,·ery rt!g .. 

ular in its stratification: but at the bottom of Deerfield river, at and below Shelburne Falls, it i!t 

the gr:Jnitic gneiss, almost d1stitute of stratification, and contains hornblende. The feldspar hero 

is in small proportion; and some of the rock might properly be denominated quartz rock. 

These facts have led me to inquire, whether the greater regularity of stratificati(>n in, t~e (l1gh

er parts of this deposit, might not proceed from the fact 1 that the loW()f part1:1 are nci'rer t.o that 
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igneous power, which has partially fused some portions of the primary rocks~ anll entirely fused 
other portions? Here the upper strata are perfectly regular and continuous : but as we descend, 
we find the rock approximating nearer and neart!r to unstratified granite, yet retaining some faint 
traces at least of a schistose structure. Is it reasonable to suppose, that a little dt:!eper excava
tion would disclose perfectly well characterised granite? The light which I fancy this spot 
throws upon this theory, is the most interesting circumstance connected with this deposit. 

Woi·cester County Gneiss. 

The broad ranges of gneiss in the central parts of the State, which for distinction's sake may 
be called the 'Vorcester county ranges, next claim attention. That range, which lies west oi 
the mica slate deposit in Worcester valley, extends across the whole of Connecticut to Long 
Island Sound on the south, and probably through all the western part of New Hampshire, and l 
know not how much farther north. The most elevated point of this range in Massachusetts is 
Wachusett mountain, in Princeton, which rises 2000 feet above the level of the ocean. This is 
a remarkable insulated peak, nearly twice as high as any other part of Worcester county. Its 
stratification does not exhibit much of that irregularity, which we should suppose must have re
sulted from its having been elevated so much above the surrounding country: though its stratifi
cation is certainly very obscure. An<l I am rather inclined to ascribe such an origin to thi9 
mountain, than to suppose the surrounding country to have been once equally elevated and sub
sequently worn away; since the rock composing it possesses no peculiar power of resisting 
disintegration and abrasion, that is not possessed by the gneiss of the whole range. 

I would repeat here, however, a remark made under diluvium, that the gneiss rock of Massa
chusetts appears to be peculiarly liable to disintegration; espt'cially where it abounds in sulphuret 
of iron. Hence it is that the gneiss region of Worcester county furnishes so excellent a soil. 
As we go westerly upon this range, and get into the limits of Hampshire and Franklin counties, 
more of the naked rock appears; and the soil generally is much poorer. But in Worcester 
county generally the rock appears in place but seldom ; and the hills are much rounded. In the 
gneiss rrgion of Hoosac mountain, that has been described, the hills are generally steeper, and 
the country for the most part more elevated. The soil also, is not as rich or deep as in \Vorces· 
ter county. 

Porphyritic gneiss prevails extensively along the western margin of the \Vorcester county 
gneiss range, in the town of Northfield, Mass., and Winchester, N. H. It appears also very 
conspicuously on the high hill east of Ware village. This is one of the most rocky spots in the 
Stale; and the crystaline masses of feldspar are hne unusually large. This range of porphy
ritic gneiss extends northerly through Dana, Petersham, &c., lying immediately east of the 
hornblende slate exhibited on the Map. It can be traced south from Ware also, through Pal
mer, &c. Indeed, it is the most extensive deposit of this variety of rock I have ever found. It 
appears that the peculiar causes that produced it, operated over a great extent. Judging from 
the great regularity of the rock formations iu this country, I predict that a strip of it may be 
found extending northerly from Long Isfand Sound as far as the gneiss reaches. 

From Hubbardston, both north and south, to the boundaries of the State, and in breadth sev
eral miles, the characters of the gneiss arc greatly obscured by the iron aspect which the rocks 
have assumed in consequence of the decomposition of pyrites. The same appearance is frequent 
in other parts of the range. 

Granitic gneiss abounds in rnrious parts of this deposit: but rather more I think in the south
ern than in the northern part of the State. In the west part of Charlton, for instance, and so 
occasionally all the distance to Brookfield, one is often at a loss whether the rbck be gneiss M 
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granite. Io Uxbridge, in the range easl of the mica slate, the same variety abounds; and still 
more frequently on the east side of the Blackstone in Mendon. 

That range of the Worcester county gneiss just referred to; which extends northeasterly into 
Middlesex county, possesses some peculiar characters. In anotht>r place I .shall attempt to show, 

from the dip and direction of the strata, that it belongs to a different system of stratification 

from the gneiss west of \Vorcester valley. But I refer now to other peculiarities. One is, that 

it contains numerous beds of limestone, which are entirely wanting in the western range. 

Another is, that it passes so frequently into mica slate; the two rocks often alternating, and in

deed, in some places, the slate predominating. Indeed, it would not be strange if some future 

geologist should regard a part of lhis range as mica slate. A third peculiarity is, that it abounds, 

especially towards its northeastern extremity, in veins and protruding masses of granite. 

l have found it very difficult to determine the exact eastern limits of the gneiss range under 

consideration. I mean the line of its junction with the granite. Much of the gneiss near that 

line is granitic, and of course difficult to be distinguished from granite. In !?Orne places the beds 

and veius of granite increase in number and size as we go easterly, until at length the gneiss oc

cupies only a small proportion of the surface. Near the junction of the two rocks, also, dilu
vium is very abundant: which increases the difficulty of fixing their limits. On the present 

edition of the Geological Map, I have extended this range of gneiss considerably farther east 

than before: and in doing this, I have perhaps included a belt of country which has more of 
granite in it than of stratified rocks. Yet as th~ latter do extend at least as far east as 1 have 

marked this formalion, I thought jt besl to consider the whole as a gneiss deposit, abounding in 

veins and protruding masses of granite~ 

New Bedford ' Gneiss. 

The southeast part of Massachusetts is so nearly level, and the amount ot 
drifted materials so great, that it is nearly impossible to fix with accuracy 
the boundaries of the different formations. I do not flatter myself that the 
gneiss around New Bedford is marked on the map with accuracy. But it 
is given as near the truth as I am able, with the materials in my hands, to 
make it. 

Almost all the varieties of gneiss that have been described, may be found in the vicinity of 

New Bedford. lo that place it is schistose, and passes into mica slate. There, too, we find a 

beautiful variety of porphyritic gneiss in bowlders; the masses of feldspar being flesh red and 
about the size of a hazle nut. 

Schistose and Stratified Structure : Strike and Dip ef the Strata. 

In no rock in the State are the slaty and stratified structures so distinctly marked in the same 

rock, as in gneiss. The strata are frequently thick i and where no local cause of irreguJarjty 

exists, remarkably even and continuous. Hence the facility with which the quarrymen cleave 

out slabs of gne-iss, 20 or 30 feet long, and hnlf as m::iny wide. But these same slabs, when 

dressed, often exhibit a J;:iminated structure of remarkable irregularity,-the Jaminre being much 

bent and composed of different ingredients, so :is to give to the rock the appearance of a varie

gated or clouded marble. The underf)inning of niost of the buiklings in Amherst, particularly 

of the village church, exhibits this appearance most strikingly. The rock, however, ,vill not 

cleave in the direction indicated by these contorted layers, any easier than in other directions. 

80 
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Fig. 131. 

Cunuhi.ru in th• l'olia of Gnei)J'3: Coltbrook, Ct. 

These curvatures are not, however, confined to the Jaminre of gneiss, but ::ire sometimes seen 

in th!! strata. About one mile before reaching the meeting house, near the center of New Marl· 

boro gh, on the south side of the road, the traveller will see an overhanging ledge of stratified 
gneiss, dipping from 40° to 50° east, whose edges are bent as in the annexed sketch. The 

whole length of the strata here exhibited, (from A to B,) is 12 feet; and their breadlh about 
four feel . 

Fig. 132. 

Curtud Strata of Gnei&I : Nno .'dorlborough. 
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On the common in Sandisfield, around the meeting house, we find these curvatures in the 

gneiss on a large scale. On Fig. 133, they are shown <is they appear on the northwest of the 
meeting house. The length of the space exhibited is 7 to S r .. ds: and although I pretend not 
to exhibit the precise form of the curvatur~s, yet the drawing shows their general form and 

arrangement. The dip of the strata in two places is shown by d ie arrows. 

Fi~ 133 

Cunatuus in tht. Strata of Gnciu: Sandi•.field. 

E. 150 N. Fig. 134. 

C".n.u!d Strata of Gncis1: Su.ridisfield 
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Fig. 134 exhibits the strata on the east side. of the meeting house, ovn an extent of about 
4 rods in length. The curvature of the outer strata amounts to about 85°: that is, their strike 

on the north and east sides, varies by that quantity. A vein of granite nearly crosses the spot: 

but it seems to have had no concern in producing the curvatures. It is possible, indeed, to ex

plain them by supposing an elevating force beneath that hill, which curved the strata upwards ; 

and then conceiving them to have been deep1y denuded. But I rather inrline to the opinion 

that a lateral force must have operated, perhaps conjointly with an elevating one, to fold the strata 

while in a yielding state. 

Strike and Dip of the Strata. 

It will appear from the following notes, relative to the dip and strike of the strata of gnejss in 

Massachusetts, that this rock conforms to at least five systems of stratification. The Hoosac 

mountain range, and the western part of the \Vorcester County range exhibit two systems; the 

branch of this latter range, which extends into Middlesex County, belongs to a third: that por

tion of it in the southeast part of Worcester Ccunty and in Rhode Island seems to belong to a 

fourth, and the New Bedford gneiss to a fifth. But more of this hereafter. 

Hoosac Mountain Range. 

Windsor to north part of Peru. 
Chester to Becket. 
Colebrook, Ct. to W. Granvil1e. 
Whitingham, Vt. 
Wilmington, Vt. 

do. to Somerset. 
Buckland. 

Otis, W. part. 

w~~~i~~o;~r~~l;;~;~~:r1.thence to l 
Great Barri9gton, Purgatory. 
Tyringham, near Shaker Village. 
Cheshire, near center. 

do. E. part. 

NQua~~~lborough, Hadsell's Lime~ 

do. U mpachena Falls. 
do. To Middle Granville. 

Middle Granville to Sodom Mt. 
in Granville. 

4 Strike. 
N.and S. 
N. and S. 
N. and S. 
N. andS. 
N. 30°E. 
N.andS. 
N. andS. 

Dip. 
East. 
80° to 90° E. 
Nearly 90q E. 
3-0°W. 
30Q to 70Q West. 

W.large. 
10° to 20° E. and 
lOQ to 20Q W. 

The latter rather predominating. 
N. and S. E. 25° 

do. 

Horizontal. 
E. and W. 
N. a few degrees E. 
N.and S. 

do. 

Horizontal. 
N. and S. 

N. and S. 

S. 20b. 
E. 70° to 80°. 
E. 20° to 30q. 

E.30°. 

90° E. nearly. 

W. 60° to 70°. 

Range Between Worcester Valley, and Connec:icut Rive?\ 

Brimfield. 
do. 
do. to Sturbridge, 

Strike. 
N.20° E. 
N.andS. 

dQ. 

Dip. 
w. 



Strike and Dip of IM Gneiss. 

D~tween S. Wilbraham and Monson. 
Monson, quarry, N. W. of center. 
Walos and Holland. 
Palmer to Sturbridge. 
Ware, Hill south or village. 

~~d, ~a!:y;~~~~~h:::o~~~1 En- } 

Southbridge lo Webster. 

nu;~~;hb:i~ge~turbridge, through ~ 

Barre,4miles E.of center. 
do. W.part. 

Pelham, W. side of bill. 
do. E. side of hill. 

\Varren to Spencer. 

Charlton to Worcester on R. Road. 
Leicester, I mile E. of Clappville. 

Sh~~~~~~~;'m ~~d ~:~~~=~00~hrough } 

No1thfield near Mouth of Miller's R. 
Montague. do. 

do. for 4 or 5 miles easterly. 
Thence farther cast. 
South Orange. 
Between Orange and Royalston. 
Royalston and Athol generally. 
• ~lhol lo Orange. 
Northfield, S. Mountain, W. Side. 

do. towards Warwick. 
Warwick E. line to Royalston. 
Royalston and Winchendon. 
Ashby, tending to 
Townsend W. village to the Harbor, 
S. Royalston to Westminster. 
\Vestminster, Cross Road E. part 

do. do. 
Rullftnq to Princeton. 
Princeton, E. base of Wachusett Mt. 
Fitchburg to Westminster. 

Strike. 
N. and S. 
N. several degrees E. 
N. and S. nearly. 
N. a few degrees E. 
N. E. and $. W. 

N. a few degrees E. 

N. E. and $. W. nearly. 

do. 

Nearly horizontal. 
N. and$. 

do. 

N. and$. 
E.nnd W. 

N.andS. 

N. E. nod $. W. 
N. a few degrees E. 
N. E. and$. W. 
N. and S. nearly. 

do. do. 
do. 

N. 20°E. 
N,afewdegreesE. 
N. and S. nearly. 
N . sevt:raldegrees\Y. 
N.andS,nearly. 

do. 
N. E. and$. W. 
s 30q w. 

Horizontal. 

N. and S. nearly. 
do. 
do. 

Dip. 
W. 45° to 70°. 
90°. 
W. 60° to 80°. 
N. W. 45° to 70°. 
N.W. 

699 

W. decreasing northerly. 

N.W. 

N. W. 10° to 50°. 

Westerly. 

W.small. 
E. 30.0 

1 :; :~~~is~~~~~n~atl.Spen-
E. not more than 10° or 15°. 

N.small. 

w 30° to go0
• 

N. W. 45°. 
N. W.20°. 

N. W. 
Easterly. 
goo. 

W. 20° neaily. 
90° nearly. 
E. 70° . 
E.0°to30. 0 

E. large. 
E goo nearly. 
E. small. 
W. 10° 15°. 
$. E. to 25°. 
W.motlerate. 

E. 20° to 30°. 
E. 50° to lOu. 

do. 
E.small. 

The preceding strikes and dips in this range have been obtained chiefly 
during my re-survey of the state; antl because made with much care, and af
ter greater experience, I place more confidence in them, than in the following 
obtained in the former survey. There is, however, a general agreement, 
but the obsen·ations in most cases were made in different parts of the same 
town, from those in the preceeding list, and it should be recollected, that the 



634 Scientific Geology. 

strike and dip, in most of the region embraced by this range, is very irreg
ular. I think, however, that I have at least been able to generalize the 
observations. But the results will be given in a subsequent place. 

Sturbridge to Charlton. 

Mon;~ale!oand s~~W:~~~e through } 

Plumbago Mine, Sturbridge. 
Oxford, West part. 

Charlton to Brookfield. 
\\Farren. 

Enfield. 
Spencer, center. 

do. two miles east. 
Hardwick. 

do. to Spencer. 
New Braintree. 
Ware. 
Pelham, West part. 

do. North part. 
do. toPrescott. 

Shutesbury. 
do. Lock's Pond. 

Leverett, north part. 
Petersham. 
Hubbardston. 
Rutland. 
Princeton, embracing \'V"acbusett. 

do. towards Sterling. 
Warwick. 
Warwick to Royalston. 
Winchendon W. part to Ashburnham. 

Ashburnham to Fitchburg. 
Townsend to Rindge, N. I-I. 
Rindge, N. H. West part. 
Winchester,N. H. towards Northfield. 

N.andS. 

N. andS. 

N. 30° E. 
N. and S. 
N.and S. 
N.andS. 
N. and S. 
N. and S. 
N. andS. 
N. and S. 
N. and S. 
N.andS. 
N. and S. 
N. and S. 
N. andS. 
N.and S. 
N. and S. 
N. W. and S. E. 
N. W. and S. E 
N. and S. 

do. 
do. 
do. 
do. 

Between N. W. and North. 
N. and S. 

do. 
do. 

N. 30° E. 
N. and S. 

do. 

45° to 70° W. 

60° to 70° N. W. 
10° E : usually W. & large. 
20° to 40° E. 
Nearly 200 S. 
90°nearly. 

West small. 

20°E. 
20° to 300 W. 
20°w. 
20° to 30.0 W. 
20° w. 
20°to 30° W. 

15° to 20° E. 
200 to 30° E. 
450 to go" E. 
45°N.E. 
0° to 45° N. E. 
40°to 50°W. 
30°W. 
E. very small. 
10° to 20° E. 
Nearly horizontal. 
Easterly. 
60°to stJ. 0 E. 
West, various. 
West, small. 
10°to25c-N. W 
30° to40°W. 
20° to 30° E. 

R.ange East of Worcester Valley: .North part of the R.ange. 

Dolton. 
Boxborough, limestone quarry. 

do. Westpart. 
Carlisle. 
Chelmsford, limestone quarry. 

\\'"orcester to Berlin. 

Concord. 
\Vorcester, southeast Part. 

Dracut, Gneissoid Rock, E. part. 

Strike. 
N. E. and S. W. 

do. 
do. 
do. 
do. 
do. 

N. and S. nearly. 
N. several degrees E. 
N. a few degrees E. 

Dip. 
60° to 70° N. W. 

do. 
90.0 

60° to goo N. W 
70° to so0 N. W. 
20° to goo N. W. 
Nearly goo W. 
70° to so0 ·w. 
S.Easterly. 



Strike and Dip of the Strata of Glleiss. 

Strike. 
Lowell. N. E. and S. W. 

n~:~~l§i~7~;,b~::a!~o~:~iss passing l do. 

Andover, Soapstone Quarry. do. 
Lynnfield, do. 
Pepperell, 3 miles towards Dunstable. do. 
From thence to Tyngsborough. do. nearly. 

South part of the Range. 

Dip. 
90,;i nearly. 

N.W.large. 

NW. 
N. W. 45°. 
S. E. 

do. 

63~ 

It is clear that in the southeast part of Worcester County a new system 
of elevation interferes with that running S. W. and N. E. nearly across the 
state, as the following statements will show. 

Sutton, N. part. 

do. a little farther south. 

do. from center 3 or 4 miles S. 
do. a little farther S. 
do. Purgatory. 
do. a little west of center. 

Between Webster and Franklin. 
Franklin, 2 miles W. of center. 
We>lMedway. 
Holliston to Sherburne. 
Bellingham to Uxbridge. 
Worcester to Grafton, 
Grafton to Upton. 
Mendon. 

Strike. 
N. W. and S. E. 

l ~~~.":add SW~· tending l 
E.ancl W. 
N. W. and S. E. 
S. E. and N. W. 
E. and W. 
N. W. and S. E. 

do. 
Eand W. 
N. W. and S. E. 
N. E. and S. W. 
S. several degrees \V. 
S. E. and N. W. 

do. 

Dip. 
N.E. 

N.W. 

N.small. 
N. E. 250 lo 30°, 
N. E 25°. 
N. 300 to 35°. 
N. E. 200 to 300. 
N.E. 
N. !5° lo 20°. 
N.E.large. 
8. E, 30~ to 6:)0

• 

45°to 9~0 w. 
N.E.small. 
20° to 30° N. E. 

Douglass. do. 25° to 30° N. E. 
Westborough to Hopkinton Springs. 
Uxbridge. 

do. 30° N. E. 
E. & W. lo S. E. &N. W. 25° N. E. 

Burrillville and Smithfield, W. part. Nearly E. and W. 25° to 30° N , 

New Bedfol'd Gneiss, 

Strike. 
New Bedford, (town.) E. 20° N. 

<lo. Palmer's Island. E. and W. 
Rochester. E and W· 
Little Compton, R. I. N. E. and S. W. 
New Bedford, 2 miles W. of town. N. W. and S. E. 

do. E.nndW. 
do. to Rochester. do. 

Dip. 
55° N.W. 
35° N . 
35° N. 
35° s. El. 
s.w. 
goo. 

N. large-. 
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Mineral Contents. 

In some parts of the worlJ gneiss is remarkable as the repository of a number of the prcciou9 

stones. In Ce.vlon, for inslance, where gneiss is the prevailing rock, it contains of the quartz 

family, rock crystal, amethyst, rose qu::i.rtz, cat's eye, prase and hyalite; also lop;iz1 schorl, 

pyrope, cinnamon stone, zircon, spiuelle, sapphire and corundum. ( Geologicnl Transactions, Vol. 
V.p. 318.) Hitherto the gneiss of Massachusetts has not yiel<led so rich a supply. But it af· 

fords enough of the same minerals, to prove a strong analogy between the causes that produced 

these deposits in parts of the globe so widely sepnratt·d. Especial ly w ill this be true, if we re· 
gard the limestone beds in the northeast branch of the Worcester gneiss range, as a part of this 

formation ; and this is certainly reasonable. :For in these beds have been found spinelle, a garnet 

wh!ch is probably cinnamon stone, asparagus stone, nephrite, and precious serpentine; nnd 'he 

following statement will show that several others of the Ceylon minerals have also been found in 

the gneiss itself. 
The most important mineral hitherto found in cur gneiss, is graphite. As described in the 

first part of my Report, its richest loc:ility is in Sturbridge. It occurs in other places, 

however, as in North Brookfield, in Brimfield, in Hinsdale, in Washington and New Marlbor

ough, in gneiss. The plumbago in Sturbridge, which is situated only two miles north of the 

Connecticut line, and near the western line of the town, ha:1 been explored in some places to the 

depth of 60 or 70 feet. I have already described it so fully, as to render it necessary to a<ld 

only a few remarks respectini; its geological situation and mineralogical characters and associa

tions. lt is most decidedly a bed in a dark colored gneiss, which here dips from 60° to 70~ 

West, and runs N. 30° East, and S. 30° West. Jn immediate contact with the gneiss, we find 

frequently Jamellar brownish hornblende, which is also disseminated to a considerable extent in 
the gneiss. 

The luster of this plumbago is highly metallic. lts structure is between scaly and fine gran

ular. Sometimes, however, there is an ob,·ious approximation to distinct crystals: the mineral 
being in distinct plates. 

There is another variety found at this locality, which is apparently fibrous: the fibres being 

from one to two inches long. On examination these fibres are found to be composed of distinct 

lamelhe, which are sometimes so bent as to give the mass a fibrous appearance; as happens in 

certain varieties of mica slate: but more commonly the8e lamellre actually separate longitudinal
ly into very narrow prisms, Jike prismatic mica. (No. 1074.) 

One mile northeast of the deep cut in the Western Rail Hoad at the summit level, and in the 

town of \Yashington, a bed of plumbago exists in gneiss. At the surface it can not be over two 

feel in width; and it is a good deal mixed with the rock. The strata there are nearly perpen

dicular, and the spot is near the top of a high and steep hill; so that it would be most favor

able for exploration. lt certainly deserves to be examined: as a good mine of plumbago is in
valuable. 

At the Sturbridge mine of graphilc I noticed phosphate of lime in a small quantity. At the 

mosl soulherly excav tion, also, ] noticed hydrate of iron in a cross fissure in the gneiss, and 

forming with the ingredients of the rock a brecciated mixture. Vegetable relics arc sometime9 

seen cnnloped in the mass. Half a mile north of the Meeting House in North Brookfield, } 

noticed a similar breccia, forming a bed in gneiss a foot or two in thickness: though here I saw 
oo vegetable remains. 

In both these cases l think we must regard this iron ore as having been infiltrated into cavi

ties in tl:e gneiss, at a recent date; and therefore, in fact, as an alluvial deposit; although at 

Brookfield the iron Corms a distinct bed in the gneiss. But the roc.k contains abundance of de

composing sulphate of iron, which, as we have already seen, produces bog iron of e~actly the 
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same aspect as t!1al aborn described; and it is not impossible lhal from this cause a cavity in Lhe 

rock that was originally sm3Jl, might have been much ealarged; while the exfo)iated fragments 
would go to make up the brecciated mass above described. 

It will be well for observers lo bear in mind a remark of Dr. Davy relating especially to the 

gneiss of Ceylon. ' It is worthy of remark,' says he,' that graphite is generally found in com .. 

p2ny \\ ith gems. l have had so oftt>n occasion to make the observation tbat 1 now never see the 

former without supposing the presence of the laller.' (Geological Tra11sacti011s, -Vol. 5. p 323.) 

The preceding remark was contained in my former Report; and since that time, I have dis

covered in the plumbago obtained on the farm of J\fr. Morse in Sturbridge, one and a half mile 

.south of the meeting house, the beautiful pyrope which has been fully described on page 188 of 

the present report. lls other numerous localities are there also described. I have found too the 

rich beryl of Royalston in gneiss: although as this occurs in a large veio of granite, I shall 
describe it under that rock. -

Ou page 220, will be found a full account of the localities of eftlorescing alum, upon the gneiss 
of Worcester county. 

A mineral occurring in our gneiss, and oflen confounded with graphite, is the sulplmret of 

molybdenum. I have noticed this in Ilrimfield in scales; and in the north part of Shutesbury, 
a little east of Locke's pond, it has been found in hexagonal plates nearly an inch in diameter. 
It occurs also in a bow Ider in the gneiss of Pelham. (No. 2330.) 

The foliated masses of feldspar in the porphyritic gneiss pai.::sing through Brimfield, Ware, &c., 

are frequently a delicate adularia. In Southbridge, in a decomposing ledge of gneiss, near the 

center of the place, the feldspar is of a delicate green, yet almost transparent; being quite ele

gant when polished. (No. 1086.) Jn cavities in the gneiss of Boxborough, 1 found distinct, yet 

not handsome crystals of feldspar. The same occur with actynolite, augite, and sphene, io 
Pelham. 

Common schorl is frequently seen in the gneiss of Massachusetts, as in Athol, Pelham, and 

New Braintree. ln the latler place, the crystals have distinct acuminatious. Ofleo, as in .Athol 

and Pelham, epidote, sometimes io crystals, is associated with the scborl. 
In the New Bedford gneiss, as 1 was informed by T. A. Green~, Esq., P.pidote occurs along 

with rutile. In the gneiss in Pelham, I have noticed some crystals of spheneas just mentioned. 

Dul the spbene which I found in the augitic gneiss in the east part of Lee, is finer than any I 

have met with in New England. (No. 1091 ) The crystals are very oblique rhombic prisms, 

variously modified; resembling those represented on Plate 12, Figs. 47, 48, and 49, of Beudant's 

Mineralogy. 
It has already been repeatedly stated, that sulphuret of iron is one of tbe most abundant 

of the minern.ls in the gneiss of \-Vorcester county. In Hubbardston, as] have mentioned else

where, this ore is used for the preparation of copperas. 
Magnetic o:ddc of iron is sometimes met with in s.mal1 disseminated masses in gneiss, as in 

Athol and Shelburne. 

Arscnical sulphuret of iron is said to occur in Leicester in gneiss. 

In Pelham, Enfiel<l 1 Belchertown, Phillipston, &c., we meet in this rock, with well charac

terised specimens of anthophyllite. 
In Pelham, also 1 is a great abundance of finely crystalised quartz. Some- of the crystals are 

quite delicate. They are ccmmonly limpid, though ~ometimes of a light brown color,andsome

times of a. fine topaz y e:Jlow, being grnuine yellow quartz. Rarely are they amdbystine. Not 

unfrcquently brge cavities are drusy, anJ pre·-.ent fine specimens. The crystals vary in size, 

from two inches in diameter to the fineness of a sewing needle. Jt is not easy to ascertain the 

precise situation of this quartz in the gneiss; since it is seen only in loose masses scattered oYer 

81 
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several acres. Probably, however, it constitutes a vein. I observed no metallic substance in it, 

except a little sulphuret of iron. 
Associated with this quartz are found beautiful specimens of mammillary chalcedony. (No. 

1102.) Randy it is of a milk white color; but commonly of a delicate blue. Sometimes it 

may be seen im·esting distinct crystals of quartz, thus showing its origin to be watery infiltra

tion beyond all question. 
In West Brookfield smoky quartz has been found, though I know not whether in much quan

tity, which, when cut, is an elegant ornamental stone. 
In Pelham a rather handsome yellow beryl has been fouJ)d in the gneiss: but not abundant. 

Jn the gneiss of Franklin, as already described on P· 185, we have a delicate amethyst. This 

occurs about two miles west of the meeting house: but at present the locality seems to be ex· 

hausted. 

It has already been mentioned that stealite and serpentine occur in beds in our gneiss. In 

Millbury, a variety of the former bas been found, which has beeo calted vermiculite, on accotrnt 

of its singular property of shooting forth vermiform masses when exposed to heat: thus giving 

to the specimens, when in the fire, the appearance of worms in motion. 

One mile and a half north of Brimfield center, on the road leading to Warren, and near the 

house of Samuel Patrick, the gneiss rock, where it has been blasted to improve the roaU, has 

afforded quite a number of specimens of iolite. (No. 2310) It is massive, and the masses 

small; but it has the delicate blue color, foliated structure, hardness, antl other characters, of 

iolite. In the same rock is beautiful adularia, of delicate yellowish color. (Nus. 2311, 2312.) 

\\re find there, also, small prismatic masses of sulphuret of molyb<lenum; a mineral wh'.cb is 

found very frequently with the adu1aria of Brimfield, in other parts of tbe town. Until more 

rock is blasted, this locality will afford but few more specimens of the iolile . 

A mile east of the locality of beryls in South Rcyalston, on the road to Templeton, I found a 

how Ider of gneiss, which contained a large number of crystals of Albnite; which is essentially 

an oxide of cerium. (No. 2324.) The crystals are prisms, often two inches long, which appear 

to be right oblique angled prisms, truncated upon the acute edges, so as in fact to become six 

sided prisms. Their diameter is rarely a qua1ler of an inch i but usually muehsmaller. 1 have 
yet found no one with distinct terminations. The fracture is eminently re-sinous, and nll the ex~ 

ternal characters correspond to the Allanite from Greenland. Jndeed, specimens are frequently 

found that cannut be distinguished from the orthite and pyrorthite of Sweden; which are prcb

ably the same mineral. In passing from the beryl locality in Royalston to Athol, I found the 
Allanite in tbe latter town, in tl-:e same variety of gneiss as in Royalston. (No. 2325.) And 

quite rccrntly, Alden Spooner, Esq., of Athol, writes me, that in opening a new road from that 
place to \iVestminsler, the rocks blasted out frequently contained crystals of this mineral: so thnt 

I have strong hope that it wi!l be found in considt·rable abundance in that region. On the same 

roa<l, vast quantities of a mineral were thrown out, \vhich l\'fr Spooner regards as fibrolite. 

\\~agon loads of the specimens, he says, may be obtai11ed. The rock in which it occurs
1 
ap~ 

proaches mica slate in its chara: ters, as it does in Phillipston, where the same mineral occurs. 

Another mineral is frequently found in the form of pebbles among tbe <liluvium of Athol antl 

Royalston, and even southerly as far as Barre, which I pretend not to name. Its color is usual· 

Jy white, sometimes brown, its hardness equal to that of quartz, and its toughnt'SS much greo.ter. 

It is fibrous when broken. (Nos. 2331, 2332.) Jt may not be connected with gneiss, a~ other 
rocks lie to the northwest of Athol, l'rom whence it must have been drifted. 

T~e region in th~ north part of the State, ~mbracing the towns of Hoyalston, Athol, Orange, 
Ervmg, and w·anv1ck, appea1s to me to promise very much to one who has lei~ure carefullv to 

iuvestigate its mineralogy. I feel as if the exploration had )Ct been only begun. ~ 

Near the factories at Three Rivers in Palmer, small but well defined cry;ta'.s of feldspar oc· 
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cupy drusy cavities in the tortuous gneiss. The crystals usually exhibit the primary form,\\ ith 

only a slight truncation on the solid an;:rlcs; as shown on Plate 11, Fig.19,of Beudanfs Traite 
de Afineraloyie. The specimens (2317, 2318,) exactly resemble the same mineral from near 

Arendal in 'Norway. Crystals of feldsrar are also found along the Western Rail Road in Mid~ 
dlefield and Washington. 

In the same rock at Three Rivers, we find occasionally, imperfectly crystalised prehnite and 

perhaps zeolite. (Nos. 2319, 2320.) These are connected with beautiful laminated masses of 
reddish calcareous spar, in which also, we sometimes find crystalsoffeldspar imbedded. (Nos. 2321, 

2322, 2323.) Jn the gneiss of Wales, is sometimes found limpid Iceland spar of sufficient size 
to show double refraction well. 

On the gneiss in the extreme west part of Barre, t11erc occurs rutile, in small delicate prisms, 
along with crystalised mica and sulphuret of iron. (No. 2313.) Crystalised mica also exists in 
Mendon, iu connection with chlorite, near Blackstone Village. (No. 2326.) 

The beautiful mass of hornstone, (No. 2509,) used in time of Shay's insurrection to furnish 
flints to his party, I ha\•e referred to the gneiss formation, because it was found lying upon it, 
and I know of no other rock north of the spot where it was found with which it could have 
been connected. It must have answered as a substitute for flints extremely well, as it strikes 
fire with steel admirably. 

Veins in Gneiss. 

The common injected veins in gneiss, such as those of trap and granite, will be described, 
when there is any thing about them needing description, under unstratified rocks. But some 
parts of the gneiss formation in the northeast part of the State, exhibit the most remarkable ex~ 
amples of segregeted veins that I have ever seen. The most striking spot where I have seen 
them, is in the northwest part of Andover, not far from the Merrimack, on the road to Lowell. 
1 nm not sure whdher the rock there is gneiss or mica slate, as the spot is near the limits of 
those rocks; and it is often difficult to say which predominates. In Lowell I noticed these 
veins in gneiss;· and Fig. 135 exhibits a bowlder, which I found near the Powder Mills on Con
cord river. The block is only about 5 feet long, and the number of veins is far less than is 
common. They are frequently so numerous as to give the surface the reticulated aspect of a. 

large fish net. It will be seen that these veins do not cut off one another, or produce any 
mutual disturbance; and by these marks they are easily known from injected veins. They 
consist simply of harder portions of the rock, and would hardly be noticed, had not disintegra
tion affected the surface. 

Fig. 135. 
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UNSTRATIFIED ROCKS. 

I have already described several rocks, (ex. gr. limestone, serpentine, and 
one or two varieties of hornblende slate,) as sometimes stratified and some
times unstratified. But the rocks which I include under the present divis
ion, are never stratified in the proper sense of that term. They are, indeed 
sometimes divided into parallel masses; but in such cases this peculiar form 
seems to result from that kind of crystaline arrangement called the concre
tionary structure. The question so long agitated, whether these rocks, par
ticularly granite, are stratified, seems at last to be satisfactorily settled in the 
negatfre. This character, therefore, may with propriety be employed to 
designate one of the great classes of rocks. 

Unstratified rocks occupy but a small part of the surface of any country. 
In Great Britain Macculloch says they 'do not cover a thousandth part of 
the superficies of the island.' In l.Hassachusetts, however, as may be seen 
by the map, they form a much larger part of the surface. 

There would be some advantages in treating of these rocks in an ascend
ing, instead of a descending order: that is, in beginning with granite, taking 
sienite next, porphyry next, and greenstone last. For this is the order in 
which in general they seem to have been produced. But for the sake of 
uniformity, and to secure some other advantages, I shall invert this order. 

A few words may be needful in this place, in respect to the manner in which these reeks are 

represented on the map. From the intricate manner in which the greenstone, slenite, and granite 

are mixed together, in the vicinity of Boston, I found it impossible to g;ve them precisely their 

true relative space in the delineation. I therefore colored the whole space occupied by them 

all, ns granite; and then, having observed that as a general fact the greenstone was first met 

with, on lines radiating from Boston, then porphyry and sienite, and lastly granite, I represented 

these several rocks as occupying spaces somewhat in the form of concentric bands. \Vhere,·er I 
observed these roc1<s intermingled, however, I have endeavored to represent their mixture by 
scattering dots and crosses somewhat promiscuously in the region. This method of course can 

give only an approximation to the truth. Jn the valley of the Connecticut, these rocks are 

scarcely ever so C'onfusedly mixed together; and, therefore, it is only in the eastern and north
eastern pHrts of the Stale that such a course h:is been adopted. 

15. GREENSTONE. 

The most approved definition of this rock makes it to consist of hornhlende with compnct rmd 

common feldspar. A mixture of hornblende ar.d feldspar, the former in much the largest pro

portion, and both of the minerals exhibiting but little of a cry:staline structure, constitutes the 

great mass of the trap rocks of Massachusetts. Other varieties do indeed occur, composed of 

different ingredients: but as these are found in such small quantity, and are obviously accidental 

varieties, l have thought it most judicious to describe them all under the tenn greenstone. Such 



Varieties of Gree11stone. 641 

a liberty I ha\"e fre1uf"ntly taken in tbe case of the stratified rocks; and I think it still less ob~ 
jectionable in the case of the unstratified; because there is much more diversity of opinion 
among geologists as to the ingredients that composE> the latter. These ingredients are often so 
Jittle crysta\ine, as to be exceedingly obscure in their characters; and it is, therefore, no wonder 
that such diversity exists even in the statements of tl:e ablest writers. Especially is this not 
surprising, when we recollect, that until recently, it was thought esSential to a good description 
of these rocks, that the observer should be able to prove that they belonged either to the primi
tive, transition, or secondary class of the stratified rocks. It was bad enough to be obliged to 
strt::lch the stratified rocks upon this Procrustean bed, although here these artificial divisions had 
some appearance of naturalness i but in ~he unstratified rocks, no facts could be found on which 
to base surh an arrangement ; an<l, therefore, imagination must supply the necessary characters. 
The consequence was, that minute and ever varying mineralogical characters in the trap rocks 
were sludit::d with scrupulous exactness ; while their geological position and chemical and me
chanical influt::nce on other rocks, were scarcely noticed. 

Lithological Characters. 

1. llornblende and Feldspar: the mixture more or less granular. Commonly the ingredients 
are so fine that tloey are with some difficulty discerned by the naked eye. Hence it is not easy 
to determine always whether the feldspar is compact or foliated. Frequently J believe, how
ever, that both varieties will be found, and that oft1m in the same specimen. The crystaline 
structure of the hornblende is usually very indistinct. In the eastern part of the State, however, 
where this rock is associated with sienite, the two ingredients are often very distinct and the 
texture crystaline. A variety occurs on Mount Holyoke and in 'West Springfield, in which tl1e 
ingredients are vf!ry coarse, and the feldspar, which is foliated, is of so dark a color as with dif
ficulty tc.. be distinguished from the hornblende. (Nos. 1127, 1128 ) The feldspar is arranged in 
stripes, like a ribb(ln, as in the sienite near Boston. 

The compound that has now been described, constitutes the principal part of the greenstone 
dikes, ridges, and hummocks, in Massachusetts. (Nos. 1106 to 1135.) The same compound oc
curs also in other forms, as will be seen in the sequel. 

2. Columnar. This differs from the preceding variety only in form: for its composition is 
almost uniformly the same. Nearly all the greenstone in the valley of the Connecticut exhibits 
more or Jess of a conatua at a columnar structure, e:occept the tufaceous variety. Yet it j3 the 
finely granular variety, that exhibits the most perfect forms. A similar conatus appears in some 
of the beds of greenstone in the eastern part of the State, especially in Charlestown : but these 
columnar masses are so imperfect, compared with some of those in the Connecticut valley, that 
I shall limit my remarks entirely to the grcenstone occurring in that valley: and as tl is more 
convenient, I shall in this place give the topography of the varit:ty· under consideration. 

Nearly all the ridges of gr1:>enstone in the valley of the Connecticut, (for a reason that will 
appear in the se1uel,) present on their western sides, a nearly perpendicular face, Usually, how~ 
ever, the angular fragments that have fallen from these precipices, have! accumulated at the bot
tom, so as to form a steep talus, reaching half or two thirds the distance to the summit; and 
sometimes entirely to the top. Where the rock appears in the face of the cliff, it is almost al
way.& more or less columnar; sometimes as much as 30 or 40 feet in height. In some cases one 
set of columns is separated from another set, abo,•e or below, by a stratum or mass of trap luff. 

There nr«", however, only a few places where these columns are very perfect Along the 
west side of the {?reenstone ridge that forms the eastern part of Deerfield mountain, in several 
places, about a mile east of the village, they exhibit great regul&rity. Usually their diameter 
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here,-and the same rf'mark will apply to every other locality, except that at Titan's Pier, is be
tween two and three feet; rarely as small as one foot; and tbe m.::mber of their sides between 
four and six. They are sometimes distinctly articulated ; the joints varying from one to three 
or four feet in height. The joints are usualiy cunred, at their ends, presenting frequently a 
convexity on the upper side, and a concavity on the lower. The breadth of the sides is con
siderably unequal ; and with this exception, these columns might compare in regularity with 
those of basalt from Ireland. 

In the second part of my Report, (p. 244,) I have given an account of the columns in the 
west face of Holyoke, constituting what I call Titan's Piazza. Figs. 12 and 13, which were 
there introduced, will convey some idea of the spot. 

I have been at a loss to decide, whether the exfJliation which is here exhibited, takes place· 
according to an original structure of the rock, or is produced by the natural action of the disin
tegrating agents; such as air, moisture, heat, and cold, upon rocks of a peculiar form. l can 
hardly admit the latter supposition ; when, on breaking the fragments, they are found, except for 
a mere line at the surface, to be so entirely unchanged. Yet this curved form of exfoliation is 
not the only one exhibited on this greenstone range. More frequently the columns split longitu
dinally, into somewhat irregular pieces, from one to six or more inches in diameter. All along 
the western side of Mount Tom, examples of this kind may be seen ; and the quantity of frag
n1ents of this sort, accumulated at the base of this mountain, is immense. Sometimes these 
fragments are very regular in their forms; producing prisms of three, four, fhe, &c., sides, and 
three to six inches in diameter. (Nos. 1136, 1137, 1138.) Again, as at Titan's Pier, described 
in the second part of my Report, concave layers of the rock (No. 1139)cleave off from the up
per ext~emity. A joint of this description will sometimes contain several quarts of water; and 
J have seen one of them standing by a farmer's weII, which was used as a substitute for a wash
bowl! ·Upon the whole, I am of opinion that the form of these e"Xfoliations depends upon orig
inal structure, which the disintegrating agents above mentioned reveal, but do not create. 

I know of no spot where so goocl a view or the ends of these greenstone columns can be cbM 
taine<l, as at Titan's Pier above mentioned. They are exhibited to the best advantage on the 
west side of the ridge, where it passes under the river: and at low water, we can see the ends 
of the columns forming the bottom of the river, as far as the eye can reach. The following 
sketch represents above twenty of these columns, as they present themselves at )ow water, and 
close to the water, at the spot, just mentioned. The sides were not measured except by the eye, 
and I am confident that there is quite as much regularity in the columns themselves, as in the 
drawing, and probably more. The sides, it will be seen, vary from four to six. The upper ends 
of these columns are considerably convex: whereas only one rod farther from the water, as al
ready mentioned, they are decidedly concave. And although it is possible that in the first case 
the form might have resulted from the action of the river, yet from all that I have seen, I much 
doubt whether the upper or Jowe1· end is uniformly convex or concave. These columns are 
rarely more than 15 inches in diameter. 

Fig. 136. 
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Both at Deerfidd a!'ld Holyoke, one 80metimrs meets wilh columns that are considerably cur· 

ved. Jn general they are not perpendicular to lhe horizon, but lean from 10° to 30° towards 

the east, ~rn<l :;tand a Lout perpendicular to the strata of s'. ndstonc !.>eneath. 

In Easthampton, al the northern extremity of the highest part of Mount Tom the greenstone 

columrs exhibit great regularity ; and from thence I have succeeded in obtaining the large joint, 

No. 2310, in the State Clllection. Better ones could ha\•e been obtained, were it not necessary 

to allow them to roll down a steep declivity of fragments of greenstone, sever:i.l rods long, by 

which nine out of ten are broken in pieces. 
At this spot there is rather ::m unique example 1 in which the columnar form does not extend 

through the whole mass of homogeneous rock; but lhe upper part of the mass shows columnar 

divisions only on a large scale, embracing several of the columns below. The columnar is not 

succeeded as suddenly by the amorphous structure as would be supposed by Fig. 137, which gives 

only an imperfect idea of the spot, from defects both in the drawing and the engraving. At the 

lower part, the columns are \'ery regular; but the planes that di\·ide them do not extend to the 

top of the rock, though some of them reach higher than others; and one rises through the whole 

mass. And yrt, the upper part is not a different \'ariety ofgreenstone, as the rock is which fre

quently overlies columns; but it is precisely the same as the columns. The space represented 

Oil the following tizure is about 7 ft!ct in height, and S feel in a horizontal direction. The upper 

p:'trt appears to me to be pnssing into a curved concretionary structure, while the lower part is an 

example of the columnar concrelionary structure. \\.~hat modification of the pMducing causes 

could have produced this difference of structure in the same mass, we may never know. 

Fig. 137. 

3. Co.11pncl. Jn this variety, which is almost entirely homogeneous anJ finely gr::mular in its 

te"lure, the different i11~redients cnnnol be distinguished. Jn some cases it is probably only in

duntll'CI clay, or wnckr, wilh so~ne dark coloring matter: in other cases, it may be hornblende 

anJ ft!l<l-;par, completely melted together. The .:ispccl of the rock upproaches closely to some 

varieties of bas tit; but it is doubtful whether we have u l'"3j1 rock in thi3 p:irt of .:\m:·r ca, 

which was produceJ at the same eporh, or is comp1scd of precis'!ly the same mixture, as the 

European basJlt. The Yariety uider consideration occurs gener<!lly in the form of \'eins; as nt 

l'i•h•nl, &c. (Nos. IJ.10 lo 11·13) 
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4. Chiefly Greenish and Compact Feldspar. This is a beautiful rock ; but its characters arc 

very obscure. Perhaps it ought to be described under porphyry ; but its great resemblance t,. 

trap has led me to place it here. lt occurs in Essex County alon~ wilh sienite, common green• 

stone, &c. (!"os. 1144 to 1147-) It is traversed by nins of epidote and perhaps this gives a 

colour to the rock. 
5. Indurated C/a.y. This variety is of limite<l extent; occurring only at the junction of green .. 

stone and shale; as at Titan's Pier. In aspect it approaches lo hornstone j being of a light grey 

color. Jn the same mass with this rock, we usually find angular pieces of compact trap: so that 

in fact it might have been described under trap tufa. (Nos. 1148 to 1150.) 
6. H<Yrnblende, Augite, and Feldspar. The hornblende in this compound is in crystaline frag

ments: and the mineral which I suspect to be augite, is of a greenish aspect, but scarcely crys

taiine. The feldspar is somewhat foliated and in small quantity. Jt occurs only at Nahant, a 

little distance northwest of the Hotel, and the most remarkable circumstance in relation to it, 

is its apparent regular stratification. This is the only instance that I know of in :Massachusetts 

where a trap rock exhibits those parallel divisions. l do not, however, regard them as real 

strata, for reasons that will be hereafter mentioned. (Nos. 1152 to 1155.) 
7. Porphyritic. There is considerable diversity in the composition of the rocks included under 

this term. Their characters and situation deserve a particula1· notice, since they are frequently 

useful for ornamental purposes. (Nos. 1156 to 116-l.) 
On Cape Ann a variety occurs, which resembles the black porphyry of the anciPnts, and ap

pears to be the trap porphyry of Werner, and the melaphyre of AL Brongniart. I should describe 
it as having a base of common greenstone, with large imbedded crystals of greenish foliated feld

tipar. Sometimes tLese crystals are more than an inch in diameter. It occurs at Sandy Bay, 

near the village, in veins in sienite. A similar rock is found in veins at Marblehead, according 
to tbe Messrs. Danas : also in rolled masses in Dorchesler, Brookline, and Roxbury. I have no

ticed the same rock in rolled pieces in Easton, e.xcepl that the feldspathic crystals are white. 
(Nos. 1156, 1157.) 

ln lpswich, west part, I found a rolled mass which appears to be a greenstone with numerous 

foliated masses of a shining black color, which I at first suspected to be feldspar: but I am satis
fied that they are Karinthin. (No. 1159.) 

A considerable part of the eastern or upper side of the greenstone in the Connecticut valley, is 

\'ery different in its composition from the principal part of the ridges. The basi!I of tbe rock is 

wacke-like; and some of it is amygdaloidal, and some of it porphyritic. The foliated masses of 

feldspar, however, are so small and so numerous, that I doubt whether it might not with quite as 

much propriety be reckoned as common trap. 1 doubt whelher it contains any hornblende. ]ts 
general color is gray. (Nos. 1163, 1164.) 

Occasionally we meet among the greenslone of lhe central part of tbe State, with other varieties 

that are more or less porphyritic. N o.1161, from Deerfield has a compact homogeneous base, nearly 
of the color of brick, with a few small imbeclded crystals of feldspar. It is found in the same 

mass with common greenstone: but seems to lrnve been exposed to a higher degree of heat. 

No. 1160, from Turner's Falls, has a variegated base, whose nature is not obvious, with crystals 
of feldspar. 

8. Amygdaloidal. This structure, like the porphyritic, is found in nearly all the varieties or 
gr:enstone that ha~e been described. The following are the most common of our amygdaloids, 
(Nos. 1166 to 1170.) 

TVith a base of hornblende and feldspar .. · the first variety of greenstone above described. l 

have never seen .any of this amygdaloid very regularly columnar: still it very frequently exhibits 

a columnar tendency. And it is a curious fact that the cavities often run lengthwise of the col

umn, and are parallel to one another: so that the rock resembles a block of wood, which worms 
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or lltbodomous shells have bored through repeatedly, in a longitudinal direction. I hlVe observed 
some of these cavities a foot or two in length, (No. 1166.) On account of the compactness of 
this rock, these cavities are usually filled with foreign substances, such as calcareous spar, chal· 
cedony 1 quartz, chabasie, Lincolnite, &c. The best spot that I know of for obtaining specimens 
of this rock, is one mile directly east of the academy in Deerfield. 

In the same ledge, as well as in other ledges, the amygdaloid abounds in spherical orspheroiJaJ 
cavities, filled with quartz or calcareous spar. 

\Vhat particular causes produced these different forms in the cavities, it may not in the pres· 
ent state of knowledge be possible satisfactorily to ascertain. That they were all produced by 
an elastic fluid, while yet the rock was in a plastic state, seems now generally admitted. Must 
not the different forms which they have assumed, be imputed to inequality of pressure? And 
yet the air vesicles in a mass of ice exhibit the same variety of shapes, some of them being 
cylindrical, some spheroidal, and some spherical : nor can we in this case impute their form to 
inequality of pressure. But whatever the cause be, may it not be the same ? 

The most usual amygdaloid in the Connecticut valley has a base which appears to be wacke. 
It occupies, as already remarked, the easterly part of the ridges wherever I have enmined 
them. For the most part, it is liable to partial decomposition to a considerable depth from the 
surface, and the imbedded minerals have entirely disappeared. When they still remain, cal· 
careous spar is the mo3t common. Not unfrequently, however, foliated chlorite occupies most of 
the cavities; and sc.metimes, as at Turner's Falls, they are filled 'vith chloroph:eite. Green 
earth, or earthy chlorite, is still more frequently present. Sometimes the base is of a reddish 
hue ; but commonly of an earthy gray. In such c.lses the rock exceedingly reserr.bles a toad in 
appearance, and is probably similar to, if not identical with, the toadstone of England. When 
the cavities are empty, the rock can hardly be distinguished from some recf'nt lavas. (Nos. 1170 

to JI74.) 
All these varieties with a wacke-like base, exhale a strong argillaceous odour when breathed 

upon. 
The greenstone in the eastern part of the State is rarely amygdaloidal. 
9. Concreted. The argillaceous substance above described, as forming the base of certain 

amygdaloids, sometimes contains numerous distinct concretions of the same substance, apparently 
more indurated. They are generally spheroidal; and the concentric crust not more than a line 
in thickness. Sometimes l have observed the central nucleus to consist of a rounded mass or 
amygdaloid enveloped by coats of indurated clay or wacke. The diameter of these concretions 
is sometimes six or eight inches: but usually not more than two or three. They sometimes oc
cur imbet.l.ded in, the next variety to be discribed. Their most abundant localities, wbich I have 
noticed in Massachusetts, are in Deerfield, east of the village, and on Mount Holyoke, near tbe 
road from Amherst to Granby. (Nos. 1176 1 1177.) 

10. Tufaccous. This embraces all those rocks that are composed of fragments of any of the 
varielies of greenstone that have been described; whether these fragments are angular or round· 
ed; united by' trap sand,' or the same materials in a comminuted state. Sometimes, however, 
the rock consists of angular fragments of greensfone, cemented by calcareous spar. Jn this case 
it is obvious that the spar was introduced by watery infiltration, after the fragments had been 
piled together. b other cases, it is equally ob,·ious that the fragments have be~n melted togeth
er: for we distinguish the different materials of which they consist, only by the different colon; 
it being no easier to separate the rock along the line where the fragments unite, than in any oth
er direction: and I <lo not suppose it possible to unite fragments so firmly except by fusion. (Nos . 
JI78 to JIS6.) 
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Topography of the Greensfone. 

Excepting a few small beds in Worcester County, the parts of the State in which grecnslone 

occurs in sufficient quantity to be noticed on a Map, are only two. Jn the eastern and northeast

ern parts of the State, it will be sePn that there are extensive ranges. As we pass beyond the 

graywacke and argillaceous slate that encircle Boston on the north, west, and south, we usually 

find greenstone to be the predominant rock. Even on the south, in Milton, &c. where porphyry 

is represented on the Map as succeeding to the graywacke and clay slate, we usually meet with 

narrow masses of greenstone, probably in some cases interposed among the layers of slate. On 

the north of Boston, in the slate of Charlestown particularly, such masses or beds of grcenstone 

are common; Jn this slate also, as well as in the graywacke in other places~ (as al Roxbury,) the 

greenstone is found in veins. At Nahant they are sometimes forty feet thick, in argillaceous 
slateandsien:te. 

If we proceed from Boston, after striking the deposit of greenstone above named, we sha1l 

soon find that it is pa!'sing into sienite, and mixed with sienite iD almost every conceivable mode. 

In one place the greenstone seems to form a distinct vein in the sienite, the two rocks beinc; well 

defined at their line of junction. In another place, the sieni.te seems to form veins in the grecn

stone; although in such cases it is no easy matter to determine which rock should have the pos

teriority ~ But (roi;n the geQeral fact, \\ hich is obvious in this region, that the greenstone 

has been produced subsequently to the sicnite, I think we should be cautious in reversing this 

order without good e'{idencc. In some cases, however, we meet with a reddish sienite contain

ing numerous and sometimes large angular and rounded fragments of greenstone. l give a rough 

sketch below, of one of these cases, which I observed in Marblehead, a little west of the town~ 

fo th~ case tQc base of the rock is rather a red granite than sienite, being entirely destitute 
of hornblende. 

Fig. 138. 

Instances similar to this are to be seen every where in the region under consideration. And 

they certainly appear as if the greenstooe had been partially melted down in the granite ; though 

the heat was not great enough to complete the fusion. Or rather, may it not be probable, that 

the perfect fusion of the rock out of which those unstratified ones were produced, gave rise to 

the granite: while those portions that were not so completely fused as to admit of entirely new 

and perfect combinations and crystalizations, might have formed those portions of the rock 

which I call greenstone, although some of it might as well perhaps be denominated sienite. 
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As we proceed farther from Boston, the sienite increases and the greenstone decreases in 

quantity, and we begin to find granite destitute of hornblende, which at length often becomes 

extremely coarse, and forms protruding masses in gneiss; as in Billerica, Andover, &c. The 

greenstone, however, occasionally appears associated with the perfect granite, as with the sienite; 

though 1 do not recollect any instance where the passage from the greenstone to the granite is 

gradual, as is the case between greenstone and sienite. Generally the greenstone forms veins in 

the granite. I have sometimes traced them not more than a foot or two wide for several rods, 

(as in Weymouth,) retaining their direction and width with almost mathematical exactness. 

In the manner that has now been described) is the greenstone of t e eastern part of th~ State 

intermingled with its unstratified associates, as the youngest member of the group. To mark 
out the precise limits of this rock io that section would require immense labor, both on account 

of the great quantity of diluvium that overlies the -rocks, .an<l the diffi..:uity of .drawing the line 

in all cases between gree-nstone and sienite. Nor, if it be correct that all these unstratified rocks 

are mere varieties of the same family, would such a demarcation be-0f any great use; although 
I could wish to see it done ; since in that way many facts might be brought to light important 

to geology. 
Rarely does the greenstoue under consi-rleratien form ridges or elevations of any considerable 

height. In Weston, Waltham, Lincoln, Lexington, and West Cambridge, this formation attai-n' 
its greatest elevation; which is uev : J as much as 500 feet above the ocean .. 

The grea~er part of the greenstone under consideration is exceedingly hard and compact, and 

the ingredients are with difficulty d~stinguisbed. When pissing to sienite, however, they be
coml.! coarse and highly -crystaline. Very frequently the rock bas a greenish aspect, fiom a 
quantily of epidote which is disseminated in it, or forms narrow veins, or a coating upon the sur

face. It is not common, exce~t where it is associated with the graywacke, to see it exhibit that 

brown dirty aspect so common in the trap rocks of posterior date. 
Occasionally we fin<l examples of a slaty structure in this gret"nstone. And it must be Tegar<l

ed as really a slaty structure, probably the result of original deposition. For the slate generally 

appears to be genuine hornblende slate, sometimes rather le:ss crystaline, however, than that rock 

generally is. I recollect at this moment but a few places where this slaty grrenstone was 
observed: viz. in Lincoln, on the turnpike between Andover and Boston, in Beverly, in Stone

ham, and near the line between Reading and Wilmington. In a theoretical point of view this 

fuel seems lo me important. 
Variety No. 4. that has been described on a preceding page, is found in connection with 

sienite, a mile or two north of Byfield Academy, as ·well as in ,·arious places in Newbury. Near 

the academy we find red compact feldspar: but l do not know that this is at all connected with 

the greenstone. On the norlh side of the Merrimack river,in S::i.lisbury,opposile Newburyport, 

this same variety of rock occurs in juxtaposition with si-enil"e. Jts aspect not a little resembles 

the varioloid wacke in Saugus j and I am not without suspicion that it may be the same rock 

highly in<lurated. And it strengthens this suspicion to find that sometimes in Newbury it ex
hibits a rnrioloid sttuct1:1re. 

The Map·exhibits the most northerly of the greenstone ranges in the Connecticut valley, asso · 

ciatecl with secondary roe.ks; thoug·h in Vermont aud Kew Hampshire in this valley, trap rock 

occurs in connection with 'frrgillaceous nnJ mica slate. The green~tone wl1ich I am now de

scribing, is assoc::inted with the new red sandstone j and ridgrs of it may be seen extending almost 

uninterrupte1lly from New Haven, Ct to the north line of Massachusetts. The principal ridge 

commences with V{csl Rock, at New Haven, and extPnds from thenct:, almost in a right lint>, to 

Mount Tom in Massachusetts. Jn Connrclicut se\·eral other ridges and hummocks of this rock 

exist to the east of this principal one; as may be seen on a geological m:ip of the Connecticut 

vallPy, which I prepared for the Gth volume of the A.rnerican Journal of Science. 
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The prindpal greenstone ridge above noticed, crosses the Connecticut river between Holyoke 

and Tom, and curving towards the east, terminates in the northwest part of Belchertown. At 

the southern extremity of Mount Toby, however, we meet with auothe1 much more diminutive 

ridge, or dike of this rock, which almost coincides in direction with the meridian through Sun· 

derland, and crossing the Connecticut river near the north line of that town, rises in Deerfield lo 

a much greater alt-tude, forming the eastern half of that range of bills which occupies the east· 

ern part of that town and Greenfield. In Deerfield the eastern side of the greenstone is very 

gentle in its slope, and precipitous on its west side, But in Greenfie1d, although the western 

side c<?ntin,ues to presimt a mural face, its eastern side also is very steep; bei.og washed by the 

waters of the Conneclicut. This ridg0 terminates at Turner's Falls in Greenfield. Another 

parallel ridge commf!nces at the same place, only a few rods distant but on the opposite side of a 

small river, (Fall river,) in Gill, and extends more than a mile towaids the center of that town. 

Beyond the extremity of this ddge, I have not found any greenstone except that which I have 

described as a member of the hornblende slate form.,tion . A deposit of this, as may be seen by 

the map, commences in the north part of Gill, only three or four miles north of the point where 

the greenstone already described terminates. 
The external aspect of the greenstone in the Connecticut val1ey, is very different from t1lat of 

the same rock in the eastern part of the State. Much of the latler is of a dark color, or when 

examined nearer, of a green aspect, from the presence of epidote. But the former almost uni 

versally exhibits a gray or iron rust color, either from incipient decomposition, or from the pres· 

ence of oxide of iron. Yet when broken open it is greenish. 
The most common variety of the greenstone in the Connecticut valley is a fine grained mix

ture of bornblen.de and feldspar. This is sometimes columnar, as already described. Not unfre

quently too, it is amygdaloidal; though the more perfect this structure, the less perfect the 

columnar. Trap tuff is also much more frequent tban 1 formerly supposed. Sometimes we find 

a mass of it overlaying a mass of· columns; and sometimes it forms an inegular layer between 

the ends of successive stories of columns. A mile east of the village in Greenfield, a variety 

of tuff coostitutes a large part of a ledge of greenstone, which in some places is more than a 

hundred feet high. I have observed this rock on the west side of Mount Tom, also on Holyoke, 

and variollS other places. It must be distinguished from the tufaceou:1 conglomerate, that has 

been already described as a member of the new red sandstone formation, lying upon the eastern 

side of Mount Holyoke and Tom. The real trap tuff contains few or no fragments of sandstone; 

whereas in the conglomerate, the sandstone abounds. But the two rocks pass into each other 

insensibly. 
In the gneiss range between the valleys of Worcester and the Connecticut, we frequently meet 

witb a rock in ledges and blocks, whose composition and structure correspond closely with those 
of the greenstone that has been described. Indeed, the two ingredients are usually more distinct 

than in the greenstones associated with more recent rocks. The beds or tuberculous masses of 

this rock, also, that haYe been met with, never exhibit any tel;ldency to stratificati1in, or a slaty 
division; cmd hence cannot be regarded as belonging to horn\ilende slate. On the other hand, 

however, I have never met in them with a columnar or amygdaloidal structure; nor with veins 

profeeding from them, except perhaps in one instance in the west part of Holden. A vein, also, 

may be seen in tbe gneiss a fuw rods from the mouth of MiJlt>r's river in Erving's Grant. But 

I have not found any large masses of the greenstone with which this vein, neady 2 feet wide, is 

connected. Upon the whole, however, there can be no doubt but these protrudi11g masses are 

genuine unstratified greeustone. 
In my former Rtport I noticed a few of these insulated masses of greenslone in the gneiss. 

But in consequence of having my attention prticularly called to the subject by Dr. J. G. Perci

val, the state geologist of Connec·t .cut, I have found many more enmples in my examination of 
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the Worcester county gneiss; and these may be seen upon the geological Map. They are marked 

in the following places. In Pelham are two masses in place: one near thP west line of the 
town, and the other a mile or two northwest of the meeting house. Jn Phillipston is a large mass 
in place, about a mile south of the meeting house. At Fiskdale, in Sturbridge, a few rods south 
of the factories, may be seen another deposit. In the west part of Holden, or the east part of 

Rutland, (I am not sure which,) is another: in Montague, on the west border of the gneiss 
formation, and 2 miles northeast of the meeting house, is another. This last deposit risf's 20 or 

30 feet above the general surface, and is dividt'd by perfectly parallel planes, running nearly east 
and west, and standing perpendicular, into stratiform masses: a fact which I have noticed no 

where else; and which does not seem to me to admit of a very easy explanation. 
These are all the examples in which I am certain that I haye found the greenstone in place, io 

the region under consideration. But in many other places its blocks, but slightly rounded, occur 
in narrow trains, which have precisely the direc tion of the diluvial current; and hence they 
seem to me to indicate the existence of a dike of this rock, at the northern extremity of the 
train of blocks, almost as cerlainly as a continuous ledge could do it. A train of this sort may 
be traced from a point about a mile and a half northwest of Monson center, on the west side of 
the hornblende slate, in a direction se\·eral degrees west of south, to a point about two miles and 
a half southwest of Monson meeting house. Again, as we ascend the hill southeast of Monson 
center, we cross another train of blocks, of no great width. \Ye meet with a few bowlders, 89 

we go east, near the center of Wales; and when we reach the east part of Holland, they are 
quite numerous. They abound over nearl.Y every part of Sturbridge, particularly along its west· 
ern sic.le. They are common between Sturbridge and Southbridge; and they continue, though 
very much scattered, as far east as Dudley. From the deposit of trap at Fiskdnle jn Sturbridge, 
northwesterly to Ware, trap bowldeis are abundant; often forming a third part of the stouo 
walls. ln passing along the rail road from the southeast part of Palmer to Warren, trap bowl· 
ders, and often several feet in diameter, are common. East of Warrt>n they are seen occasion· 
ally; but probably only as straggl<'rs, as far as Auburn. Upon the whole, there must be a 
powerful <like of trap, running from Southbridge through Sturbridge and Warren to Ware, or 
else several dikes running northeast and southwest. I have, therefore, not attempted to fix the 
exact place of these dikes in the towns above named, (except that al J.i .. iskdale,) but have merely 
marked them occasionally on the map to indicate that the amount of this rock there must be 
considerable. 

Somewhat farther north, we find greenstone bowlders rather abundant in the northeast part of 
Delcherlown. These may have been derived from the deposit already described in Pelham; and 
yet I have not found blocks in the intermediate clistance. Jn the east part of Barre, we find a 
distinct train: ln the southwest part of Hubbardston, another: From the center of that place 
for a mile easterly, another: In the northeast part of the town, another: Jn Westminster, north· 
westerly from the meeting house, another. In all these cases the trains are too distinct, and the 
blocks too abundant, to permit us to doubt the existence of dikes beneath them. l have noticed 
only one other train of blocks, nud that is in the northwest part of Royalston. Yet l am in· 

formed by my assistant, Mr. Abraham Jenkins, Jr., that trap dikes occur upon Mount Monadnac, 
in the south part of New Hampshire. 

Dr. PE'rcival, who has devoted bimSt"Jf most assiduously and successfu11y to this subject, in

for:ns me that he has traced a trap dike from Branford, on the shore of Long lslnnd Sound, to 
the south part of Holland in Massachusetts. A little south of the line of Massachusetts it is 

seen in a ledge: and if we prolong a line connecting Dranford and Holland, northeasterly, it will 

strike the trap in place in Fiskdale: and also that in the west }Xlrt of Holden. I c:rn hardly 
doubt, therefore, but this dike does t!xtend at least as far as from Branford to Holden, a distance 
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not less than 90 miles. I shall expect to find that it may be traced far northeasterly into New 

llampshire. 
Another dike Dr. Percival has traced from the east part of Manchester in Connecticut lo 

Monson in Massachusetts. ] have not been able to find it in place near Monson on the north. 

But if we prolong a line connecting Manchester and Monson, northerly, we shaH see tllal it 

passes near the region already pointed out in the east part of Palmer, and the south part of Ware, 

as strewed over with trap bowlders : and still farther to the north, it crosses the ledge of 

trap a mile south of the center of Phillipston. lf we prolong this line into New Hampshire, it 
will not pass much to the east of Mount Monadnac, where, according to l\h. Jenkins, a green

stone dike e:xists 3 or 4 feet wide, t:'Xlending nearly from the top to the bottom of the mountain. 

This runs nearly east and west; and simply indicatt-s that there may be more extE"nsive masses 

of trap in the vicinity. Jf we suppose the dike under consid~ration to extend from Manchester 

in Connecticut, to Monadnac, it would be 90 miles long. But if it extends only to Phillipston, 

it would be 65 miles in length. 
It will be seen) that if we suppose the two dikes traced by Dr. Percival in Connecticut, to 

e~tend across Massachusetts, they will embrace but a few of the deposits of greenstone, con

nected with the gneiss, which are laid down upon the map. Some of these may perhaps be con

nected together; as probably belonging to the same dike. Thus, the mass in Mont:igue1 ar,d the 

most easterly one in Pelham, m;iy be connected; and may have furnished the train of hlocks in 

the northeast part of Belchertown ; and which I have met as far south as the rail road in the 

south part of Palmer. • 

If it be admitlt:'d that the trap of the gneiss region of \Vorcester county, does form continuons 

masses, as has been suggested, then, since the different dikes are not parallel to one another, they 
cannot run parallf'l to the strike of the strata of gneiss; :is wa~ probably the case with the 

green~tone of the Connecticut valley. In the limited deposits of this rock which I have exam

ined in Massachusetts, l have seen no evidence 1hat the strata of gneiss are cut across. But the 
opportunity for ascertaining this point is very poor. 

J have no dotJbt but a more careful examination of the region under consideration, will bring 

to light many more examples of this rock, both in place an<l in blocks; and thus many localities 

now insulated, will be found lo be connected. Eut this examination should be made on foot; so 

that tbe geologist can follow up his discoveries unincumbered by horse and carriage. \V:int of 

time has prevented me from taking this course as often as I wished. 
Nos. 2333 to .23;;;9, present examples of the trap Jeck that has now Leen descril:ed. Jt will 

be seen that there is far less variety than in similar rock connected with newer deposits. 

Situation of the Greenstone of .Massachusetts in relation to other Rocks. 

This subject has been necessarily somewha.t anticipated. But a more particular statement of 

facts conccrniug it seems desirable. Our unstratified rocks occur in three mudt·s: first, as pro· 

truding irregular masses: secondly, as overlying masses; amt thirdly, as Vt:'ins. The first and 
last modes a.re most common. 

Since most of the grecnstone in the eastern part of the State is not connected with stratified 

rocks, it must be referred to the first of these modes; except where it forms Vl:'ins in the other 

unstratified rocks. J have neHr been able lo find a satisfactory example, in which the greenstone 

distinctly overlies ~itber porphyry, sienite1 or grnnite ,• allhough in numerous instancts] have 

found a. graducil p:issage from this rock into the two latter. But this is as likely to take place 

laterally as in a vertical direction. Example~ of this gradual transition between these rocks 
are common south of the Blue Hills, as iu R:indolph, Stoughton, &c. 

• Profl"lfor\\1ebstersay1th:ititoverlic1comp:i.ctfdd1p:irinCh:arlc1town. (BostonJourna.lofPhilo.oph)', Vol.I.p.!Z82.) 
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Wherever I have seen this rock associated wilh the graywacke and argillaceous slate in the 
eastern part of the State, it either occupies veins, or protruJes itself ia some other form, among, 
or between- the strata. Professor Webster, however, says, that it is sometimes superincumbent 
upon the clay slate in Charlestown. (Boston Journal Philosophy, Vol. I. p. 285.) Jt has there 
also the appearance of being regularly interstratified with the slate. But I am satisfied that thi! 
is a deception; that is to say, these supposed beds are connected with some unstratified m:i.sses. 
Yet I think it extremely probable that some of the greenstone in the vicinity of Boston has 
resulted from the fusion of clay slate; a11d perhaps it is possible that a particular portion of the 
slate might be com·crted into greenstone, while that around it might remain but little changed J 

and in such a case, the rock. might at the surface appear interstratified with the slate. In such 
a case, however, we should rather expect that the slate would be con\·erted into hornblende 
slate: and Professor Webster says that some of the clay slate in Charlestown does pass into 
hornblende slate: and I would remark that much of the greenstone in the vicinity of Boston re
sembles exceedingly that variety of hornbltmde rock which is associated with hornblende slate: 
But fur the most part it appears to hav~ been subject to so entire a fusion that the slaty and 
stratified structure is lost; and hence it seems most proper to describe it as unstratified 
grcenstone: although if it be true lh:it all greenstone results from the same source as hornblende 
slate, it may be difficult in some cases to distinguish bt!tween them. 

Professor Webster in his account of the geology of the region around Boston, states that the 
veins of greenstone in Lhe graywacke conglomeiale of that vicinity, run about lOQ W. of Soulh, 
and 10° E. of Norlh. All such veins are probably of nearly cotemporary origin: their parallel
ism being explicable only on the supposition of their h:iving been produced by the same cause. 

The promontory of Nahant presents an interesting exhibition of greenstone veins both iu 
nrgillaceous slate and sienite. Only a small remnant of the slate is found upon this promontory: 
and this is intersected by so many and so large veins, that nearly one half of the surface is gret>n ... 
stone. And yet the layers of the slate appear to have been but liltle thrown out of their original 
position: for their dip and direction correspond essentially with those of the same rock in other 
places. In such cases it seems to me impossible that the slate should have been solid at the 
time the greenstone was intruded among it, unless we suppose it lo have been cut through with 
numerous fissures: an occurrence which in the present case is hardly probable; since some of 
the veins are ten feel thick, anti quite numerous : and I cannot conceive bow mere desiccation 
should have produced such fissures. But I can conceive how melted matter may have been 
forC"ed through unconsolidated cJay, without disturbing it latterly but a short distance: and per
haps this was the mode in which the veins at Nahant were introduced. If so, it is probable that 
the consolidation of the slate, and even, its conversion into flinty slate, might }\ave resulted from 
this intrusion. 

There is one fact, however, that ratht!r militates against such a supposition. We find there 
two sets of veins; one of which intersects the other; and penetrates the adjoining slate. \Ve 
here trace distinctly three epochs of formation of the slate and greenstone. First th e s\: t ., 
secondly the veins that intersect it, thirdly, those veins that cross both the first named veins and 
the slate. As to the intervals between the production of these three varieties of rock, we can 
scarcely form a conjecture. The slate having been deposit1>d originally from water, musl have 
re1uired a period of considerable length, previous to its consolidation: But the two. sets of veins 
might have been introduced almost simultaneously; since this might have resulted from two 
paroxysmal eO"orts of the same eruptive force. 

The greenstone occupying these veins a.t Nahant, varies in texture from the finest siliceous 
slate, to coarse sienitc. The veins sometimes run parallel to the strata, and would be regarded 
by some geologists as regularly interstratified with the slate. And they would be confirmed in 
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this opinion by the apparently distinct stratification of one of the varieties of the greenstone on 

this promontory, partjcularly at a place about fifty rods northwest of the large hotel. The rock 

here is coarse and appears to be passing into sienite: It is divided into parallel p\ltlion1 by seams 

a few inches apart; and looking only to this spot, I do not see why the evidence or stratification 

is not almost complete. But if, a~ an almost universal fact, greenstone, sienite, ahd granite, are 

certainly not stratified, it is a presumptive evidence, that they never are so: Apparent excE"ptions 

lt is reasonable to explain on other principles. And in the present case, there is a principle that 

may afford a solution of such a case as that mentioned above. I refer to the formation of con
cretions in the unstratified rocks. That they are frequently formed in all the varieties of these 

rocks, the records of geology will testify. Usually, however, they are only a few feet, or a few 

inches in diameter. But what reason can be adduced why they may not be produced of moun

tainous bulk? Their origin is, indeed, obscure: but probably their formation depends upon some 

modification of the laws of crystalization. And if so, who can tell through how large a mass of 

matter these laws may operate, In an example of apparent stratification in our granite, which I 

shall shortly describe, we have an opportunity of ascertaining that the layers are of a spheroidal 

form, although they cover a hill of no inconsiderable size. Ant.I in all cases which I have 

met with, it is only a part of the rock that is apparently stratified. This is the case at Nahant. 

There must then have been a peculiarity in the cause that could thus have affected one portion 
of the formation and not another. Jn some iaslances I have explained a partial and non-con

tinuous stratification in rocks, (ex. gr. limestone and hornblende slate,) by supposing one part 

entirely, and the other only partially melted. But in the rocks under consideration, the division 

of the pseudo-strata is too distinct to admit of such an explanation: while the schistose structure 

is always wanting. Upon the whole, it seems to rue that in the present state of our knowledge, 

sound philosophy requires that apparent stratification in rocks usually ui1stratified, should be re
garded only as examples of a concretionary structure. 

The geologist who may have occasion to spend several days at Nahant, will do well to give 
the spot a very thorough examination. I do not flatter myself that I have brought to light all 

the interesting facts which may be there developed ; although I have exhibited enough to show 

it to be an interesting field for research. 
The protrusion of the unstratified rocks through the stratified ones by internal igneous agency, 

now admitted by most geologists, has led observers to examine carefully for evidences of me

chanical disturbance near the line of contact. They have, I believe, found less proof of such 

disturbance by the intrusion of greenstone, than in the case of the older rocks, as sienite and 

granite. Every such case, therefore, deserYes to be noticPd. If I mistake not, the following 

sketch of a vein of greenstone in argillaceous slate is an example of this sort. The dike is about 

10 feet thick, and the general dip of the layers of slate in the quarry, is about aoo southeast. 
But as shown in the figure, near the greenstone the slate is considerably curved upwards in the 

contrary direction. The quarry, where this example occurs, is about half a mile north of the 
Powder House in Charlestown. 

Fig. 139. 

GruMtim~ Dyke in Clay SlaU' Charluiaw11. 

For the most part, the greenstone in the valley of the Connecticut is interposed in thick 
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masses between the strata of sandstone. I have never met with a mass of this rock of much extent, 
that was superincumbent in lhe sense of lying upon the edges of the sandstone strata. And yet 
the dip of the sandstone is often so small, that the greenstone seems to rest upon the face of the 
rock almost horizontally. The west part of tbe trap is usually precipitous, and the sandstone 
crops out beneath the mural front. But if we go to the opposite, that is, the east side of the 
ledge, we frequently find the ~andstone lying above the greenstone, and in some places mounting 
upon it to a considerable height. The slope on the east side is also much more gradual than on 
the west side. ] think, therefore, we must suppose, either that the greenstone was protruded to 
the surface between th~ ]ayers of sandstone, or as 1 have suggested on page 526, that it was 
poured out upon the boltom of the ocean after the lower strata of sandstone were deposiled . I 
know not how to explain the existence of the tufaceous conglomerate sometirr..es found upon the 
greenstone, without adopting the latter hypothesis. But on the other hand, where we find the 
sandstone with a decidedly larger dip above than beneath the trap, as in Belchertown and at Tur
ner's Falls, it is difficult not to suppose that the protrusion of the trap elevated the sandstone. 
Perhaps we must adopt one theory for one locality, atJd the other theory for another. 

At Turner's Falls, Connecticut river has disclosed, between Montague and Gill, an interesting 
section across the sandstone and grecnstonc, not less than 3 miles long. (Fig.140.) 1t commences on 
the western side of the greenstoue ridge against which Connecticut river impinges, a little below 
Turner's Falls, and by which its course is changed from northwest to south. At the western 
base of this ridge, the sandstone crops out beneath the greenslone, dipping 2oci or 25a east. 
After passing easterly over this ridge, we find at the mouth of Fall River, another variety of the 
sandstone, mounting upon the ~reenstone at an angle of about 45a; that is, dipping easterly by 
that quantity, and running nearly north and south . Proceeding in the same direction, the sand
stone continues only a few rods, perhaps 15, when we find it on the north shore of Connec
ticut river passing un<ler another ridge of greenstone, 15 or 20 rods thick. On the east side of 
this second ridge, we fiod a similar variety of slaty sandstone dipping about 50ci east. Several 
''arieties of eandstone, some red, some gray, some fine grained, and some coarse grained, appear, 
as we pass along the same shore, with a dip between 40° and 50° east, for more than a miJc. 
There we strike a somewhat more elevated ridge, which appc:irs on both hanks of the river, con
sisting of a brecciated induratecl sandstone, de3cribe<l among the varieties of new red sandstone, 
whose strata are somewhat saddle shaped on the north shore, though quite indistinct. Beyond 
lhis point the shores for some distance are less bolcl, and no rock is visible for half a mile. When 
it again appears, the direction of the strata has become east and west, and the dip from 30Q to 
4Q0 south. Hence only the horizontal edges of the strata can be shown on the section. Ilut 
·when we come within 100 ro<ls of the mouth of .Miller's river, the sandstone i;late or shale is 

bent upwards, so as to dip westerly. Advancing towards the mouth of Miller's river, the 
westerly dip rapidly increases. Then for a considerable distance succeeds a coarse con
glomerate, in which I could perceive no marks of stratification. For a few rods beyond this 
rock, diluvium hides the rock in place, and then, before reaching Miller's river, we strike a 
formation of grnnitic gneiss, hornblende slate, and mica slate, which constitute the western 
margin of the gneiss range of Worcester county. The strata of these rocks, at the mouth of 
Miller's river, and on the east Lank of the Connecticut, (for we have now reache<l the spot 
where this river runs southerly,) run a little \Yest of south and east of north, and <lip. to the 
west between 30q and 40°. 

SS 
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Fig. 140. 

St dionbttioeenJ1fonla!JMtandGill. 

The aho\"e section is confined to the north shore of Connecticut river, from the west end until 

we reach the point where the strata begin to dip to the west. There it represents the south 
shore of the river. A more recent examination of the north shore, made it probable that the 

strata there do not dip to the west at all; and ] am led to suspect that the westerly dip on the 

south shore, shown for a short distance on the section, may not in fact have resulted from the 
elevation of the primary strata in that direction. The truth is, the ranges of greenstone to which 
the sandstone in a good measure conforms, trend aw::iy northeasterly from Turner's Falls, and 
this is probably the reason why the sandstone strata along the central parts of the section, dip 

southerly. They form the northe~n extremity of a basin; an<l it may be, that the westerly dip 
of the shale on the east s i<le of the section, n1ay have resulted from original deposition upon a steep 
shore. In no other place in the valley of the Connecticut, have I found any evidence that the pri· 
mary strata along its eastern border, have Iift~d up the sandstone; and hence the presumption i:. 
strong that such was not the case here. That part of the section rt>quires to be carefully re·ex· 
amined. But as the western part of it furnishes a fine example of the relative situation of the 

trap and thesandston~, I shall not withhold it. I think we have evidence in the decreasing dip, 
as we go eastward, that the trap has exerted an elevating force upon the sandstone : and the same 

fact appears in other places. 
On the western slope of Mount Toby, in Sunderland, '"e find a narrow strip of greenstone in· 

terposed between the sandstone strata; as in the preceding section. Along the western and 
northwestern face of Mount Holyoke, we meet with the sand:stone in se\'eral places, passing un· 
der the greenstone with a dip of 15ci or 20°. Oo the opposite side of the mountain the strata 
are sometimes found elevated 50ci and even 60"'; as may be seen where the old stage road from 

Northampton to Belchertown crosses the greenstone ridge; and as we recede from this ridge, 
towards the east, or southeast, the dip diminishes. lo the west face of Mount Tom, we find 
the sandstone passing under the greenstone at a <lip from 15° to 2oci: but on the east side of the 
mountain, it is no greater; and, therefore, I cannot say that this eminence bas a wedge shaped 
form. South of Tom the sandstone both on the east and we~t sides of the greenstone ridge, has 

a less dip than in the cases above mentioned. Still, however, the greenstone seems to form a 
mass interposed between its strata. 

Are 'Ye to regard the ridge of greeustone extending from New Haven to Delchertown, as a 
\'asl dike, or as an irregular protruding mass? Its length is about SO miles, and its a\'Crage" idth 
not less than a mile: often the width e~tends to twice that distance. This is of enormous size 

to be called a dike: and besides, it generally conforms in direction to the strike of the sandstone. 
Yet after crossing Connecticut river, it apparently crosses the strata. llut 011 exatninalion, we 

find the slrike of the sandstone conforming lo that (Jf the greenstone evcu here: a.nd th~ latter 

.still lies between the strata. of the former: except perhaps near the eait tmd of the ridge, where 
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the strata appear somewhat more confused. My views as to the probable manner in which this 

greenstone was produced, have been in part at least, already presented. I suppose that a fault 

runs through the valley of the Connecticut, and that afler the deposition of the sandstone now 

lying beneath the greenstone, the trap was ejected through the fissured strata, and spread over 

the sandstone; which then probably Jay nearly horizontal anJ beneath the ocean. Could we, 

therefore, penetrate deep enough, I presume we should find the greenstone existing in the form of 

a genuine dike. But as it now appears, it ougM rather to be called a ridge, or even a bed; ifi 
Le proper to apply that term in any case to an unstratified rock. 

Dikes of Greens/one. 

I have not met with any well characterized dikes of greenstone in the sandstone of Massa· 

chusetts: but they occur in Connecticut, as at East Haven. (See a Section of some of them in 
the American Journal of Science, Vol. 6. p. 200.) I have described on a preceding page, a few 

genuine dikes of this rock in the gneiss between the Connecticut and Worcester valleys. But 

it is in the eastern part of the State alone, that we find them in abundance. In the sienite and 

granite which abound there, the number of these veins is astonishing. They also extend into 
the stratified rocks on the borders of the unstratified. I shall defer an exhibition of any of these 

veins iu the unstratified rocks till I describe sienite, that I may present them together; and 

in lhis place exhibit only Figs. 141 and 142, which show some dikes of trap in mica slate 

in Lowell. They occur towards the west side of the city in a deep cut that has bet:n made for a 

road, 40 or 50 rods south of the hotel called the Stone House. The height of the ledge shown 

on Fig. 141, is about 15 feet; and the narrowest part of the irregular dike is 6 feet. Near the 

middle of it two wedge shaped masses of slate from above and beneath, almost meet. 

Fig. 141. 

Tr1;JpDikc l11..Mk1;JSlate : Linoel! 
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Fig. 142 represents two much smaller dikes: one of which extends from the top of the ledge 
only a few feet downwards, and aparently terminates. Unfortunately the engraver (too late to 
be corrected,) bas represented these veins as if s1aty, and also the dark part on the right band of 
the sketch, which is not trap but soil. 

Fig. 142. 

The bt:autiful porphyritic greenstone of which No 1156 is an example, and some varieties of 
which, do. not seem to differ from the black porphyry of the ancients, has rarely been met with 
b.y me in veins. The finest examples occur on the north shore of Cape Ann. At Sandy Bay 
1 noticed dikes on the shore a little west of the village several feet wide. 

On the south side of Mount Tom, on the bank of a small stream, and close by a saw-mill, 
which is only a fe.w rods from the stage road from Northampton to Hartford, the following case 
occurs in the new red sandstone. A deposit of greenstone, the remains of a large vein or pro
truding mass, is here seen to lie in an oblique direction upon the elevated e<lges of the sandstone. 
Towards the upper part of the section, the layers of sandstone are curved considerably upwards, 
e;o as to increase the dip of their upper extremity. Must we not impute this flexure to tho 
protrusive force of the greenstone, when first it was ek,·ated to the day-light? 

Fig. 143. 
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Chemical Effects oj Greens/one upon other Rocks. 

In other i>arls of the world, it is a common case to find tbe rocks lying in contact with the 
greenstone, essentially changed in their characters, for a greater or less distance from the place 
of junction. This is most striking where limestone is the rock invaded by the trap. Similar 
effects are not wanting in the rocks of Massachusetts, that are traversed by greenstone. Yet it 

appears to me that they are hardly as common or striking as jn some countries; judging from the 
descriptions of geologists. One reason may be, that greenstone here rarely comes in contact 
with Jimestone. The following are the principal examples of this agency with ·which I ha,·e 
met. 

The influence of greenstone veins at Nah<i.nt, io converting argillaceous slate into Oinly slate, 
and where carbonate of lime was present, into chert, has been fully described under graywacke. 

Professor 'Webster describes a mass of trap, in Charlestown, as superincumbent upon a rock 
"'hich he calls compact feldspar,' which has many of the characters of clay slate, and in the 
immediate Yicinity of the trap rock bas a degree of hardness, a compact structure, and fracture 
almost like that of hornstone,-the slate seems to have undergone a great and remarkable 
change.' (Boston Journal of Philosophy, Vol. 1. p. 282 ) 

Jn the Connecticut valley the most striking chemical effects produced upou the sandstone by 
the greenstone, are induration, a vesicular structure, and change of color. In tbe 17th Yol. of the 
Am. Journal of Science, Professor Silliman hm; described a most interesting example of all these 
effects, as they appear in a quarry, nearly a mile long, at Rocky Hill, about three miles south
west of Hartford. 'The trap is here superincumbent upon the sandstone, and this ]alter rock is 
changed to the depth of about four feel below the junctjon. Ascending from thnt depth, it begins 
to grow firmer; the color grows lighter, the red vanishes and il becomes dark grny-Jight 
sray-ash gray, and in some places almost white, while at the same time lhe firmness is much 
increased, so thal from being a very soft and lender argillaceous sandstone, easily splitting into 
laminre, it has become hard, and difficult to break, striking fire with steel like an ovNburnt 
brick, and its fissile character is almost or quite destroyed.' 

' But this is not all. At the depth of about two feet, rather less than more, the altncd sand
stone begins to grow vesicular. Fine pin-hole cavities make tlwir appear:i.nce; they are very 
numerous, and the solid substance which surrounds them becomes semi-,·itreous and loses the ap· 
pearance of sedimentary or fragmentary matter; as we ascend towards the trap, the vesicles in
crease rapidly in sizr, and at and near thl.! junction they arc both numerous and large.' 

This vesicular structure is still more r<"markable in the trap, extending several feet upwards ; 
an<l near their junction, the two rocks can hardly be distinguished, and appear as if melted 
together. 

Similar phenomena, more or less strongly marked, present themseh-es in other places both in 
Connecticut and Massachusetts, where the co11tart of the two rocks is visible. On the east side of 
Mt. Torn in Northampton, and on the south side of Holyoke, the vesicularcharaeter of the sandstone 
is most obvious: as is that also of the greenstone. (No. 286.) From the description that has been 
given of the relativr position of these rocks in those places, it wi11 be recollected tbal the sand
stone is uppermost. The cnities are somelimes fi..lled with some such mineral, as carbonate of lime, 
subsequently introduced ; but the red color of the rock is generally retained : sometimes, how
ever, it is not easy to distinguish this amygdaloidal sandstone from trap, without close inspection. 
Yet in most cases the line of junction is distinct, nnd the schistose structure of the s:rndstone is 
not lost. The grccnstone, as already mentioned, is in these instances much more ,·rsicular thau 
the sandstone, and to an unknown depth. The cavernous hasf", the ca Yi tics not being usually 
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filleJ, differs but little from indurated clay; ar.d some circumstances have Jed me to suspect tlmt 
the rock in fact consists of argillaceous sandstone or shale, which has been fused. 

A little below Turner's Falls on the Greenfield shore) the junction of these rocks may be ad
vantageously examined, where they occupy the same relative position as above mentioned ; that 
is, the sandstone is the superior rock. There it dips east from 40° to 50°: but I did not perceil'e 
in it any cavities ; nor is the red color or the fissile character destroyed. Connecticutriver here 
has worn away nearly all the sandstone, except an occasional patch, for one or two miles: but 
where these patches remain, a fine opportunity is afforded for observing the junction. And in 
some places I noticed that small rounded masses of the amygdaloid were parlially e11tangled in 
the sandstone: as if, when the melted mass of greenstone was forcing its way upward, and 
pressing hard against the incumbent sandstone, portions of the former rock, while yet partially 
solidified, were worn off and rounded by the latter. More frequently we see fragments of the 
sandstone insulated in the greenstone. 

For several feet below the surface of the amygdaloid at this locality, it is not uncommon to 
see that rock divided into parallel portions, whose surfaces correspond in dip and direction with 
the strala of sandstone. The thickness of these layers is from one to four feet. But they do 
uot extend through the whole mass of rock, and can, therefore, hardly be considered as genuine 
strata 

The existence of so much amygdaloidal greenstone on the eastern or upper side of the ridge, 
(for it must be recollected that .such is the dip of the sandstone embracing the trap as to render 
the eastern the upper side,) while it is comparatively rare and far less pmous and irregularly 
situated in the lower parts of the range, leads naturally to an inquiry as to the cause. It may 
be sufficient to say, that the gaseous matter extricated by the intense heat or a large mass of rock 
in a state of fusion, would naturally be forced to its upper part by the greater pressure below : 
although in the example described by Prof. Silliman, such does not appear to have been the case. 
Since, however, the base of the rock on the east side of the ranges above named, is more com· 
pact than that of the rock on the weslern or lower side, I am disposed to believe the former 
more favourable for retaining the gas or vapor than the latter. 

\Vhen the water is low we have an instructive exhibition of the junction of greenstone with 
the subjacent sandstone at Titan's Pier in South Hadley. A considerable part of the trap near 
the sandstone is a breccia; and one of the ingredients is clay, indurated almost to the hardness, 
anJ exhibiting the light gray color of hornstone, although not exactly that substance. This 
seems rather to have formed the paste in which are cemented dark pieces of trap. This rock ex· 
tends but a shoft distance upwards from the line of junction, 

The most interesting effects at this spot are exhibited, however, in the sandstone beneath the 
trap. Like that near Hartford, for two or three feet its schistose structure is in a great measure 
obliterated, although its stralification remains. lt is also of a light gray color. On breaking it, 
it exhibits a semi-crystaline structure, bearing considerable resemblance to some varieties of fine 
grained granite. (No. 170.) But the most cmious fact of all is, that this rock exhibits in some 
places a tendency to a columnar form. I cannot say, indeed, that any perfectly formed prism can 
be found. Still the saaJstone exhibits several unequal sides of a prism, perpendicular to the 
planes or stratification, thus coinciding with the less perfect columnar structure of the greenstone 
immediately above: so that at a little distance one does not Perceive the line of junction between 
the two rocks. 

A more decided example of this columnar tendency in the sandstone, may be seen in the west 
face of Holyoke, a few rods north of Titan's Piazza. The trap here is more decidedly columnar 
than at Titan's Pier. Yel a person who was nola careful observer, would not readily distinguish 
the line of junction between this rock and the micaceous sandstone beneath. The latter is not, 
indeed, decidedly columnar, and the stratification may easily be traced. Still there are divisional 
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planes which extend perpend icularly through the sanJstone, and are not tbesame as those divi.iiOn· 
al planes that sometimes give this rock a jointed structure. Fig. 1441 will give some icJea of 
this appearancf':. The spot is rather difficult of access, and somewhat concealed by bru3h and 
lichens. 

Fig 144. 

Thal this columnar tendency of lhe sandstone is the effect or heat, can hardly be douLted,since 
Dr. Macculloch pointed out a similar effect upon the hearth stone of a blast furnace. ( Syatem 
of Geology, Vol. I p 112.) Many similar examplea are now know n in nature. ( Phillip'• 
Treatiae on Geology, Vol. JI. p 85.) 

Some of the sandstone of the new re<l sandstone is highly micaceous: this \'ariety, \\here 1t 

occurs near the greenstone, can hardly be distinguished from mica slate. (Nos. 177 to 179.) J 
will refer only to two localities of this rock, viz. al Turner's Falls and at the north end of 
Mount Tom, at the spot where the sketch on page 421 exhibiting the junction of the two roc\c.s, 
was taken. Can there be any doubt that these ex;imples are in fact a partial conversion of tho 
sandstone into mica slate by the heat of tlrn greenstone? 

I know or but one place in the valley of the Connecticut where greenstone comes in contact 
with limestone; and that is in \Yest Springfield . Perhaps even there an actual contact doe:J not 
exist, yet the greenstone ii sopurated from the limestone in some places only by a narrow strip of 
sandstone. ..\nd a part of the limestone is more or less frequently converted into tripoli: that i:1 
to say, the carbonic acid is expelled, leaving the siliceous matter by itself. Probably this 
was the effect of heat: though J am not very confiJent that the tripoli was produced iu thi:1 
manner. A part of the limt!slone at that p)()ce iai very much indur~ted, so as to pos:ie.!;S almo)~ 
the l>rittleuess of glass when broken, 
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.Uineral Contents. 

It is not unexpected, though gratifying to find in our greenslo1le many of the same minerals as 
occur in the trap rocks of Europe. 

Jn describing the new red sandstone l have given an account of several veins in that rock of 
sulphate of baryta, native copper, and green carbonate of copper, with vitreous and pyritous cop
per. These veins often extend into the greenstone a considerable distance. But for the par
ticular localities I would refer to the first part of my Report, P· 203. 

According to the Messrs. Danas, (Jii.11eralogy and Geology of Bosto11, S,·c. p. 66,) a vein of 
magnetic oxide of iron occurs in the greemitone at \Voburn; though not extensive enough to 
render it an object for the miner. Jntimately mixetl with this ore is pyritous copper; and this 
last is invested somelir:r.es wlth the muriate of copper. Quartz nnd amygdaloid at Brighton, 
and rolled pieces of granite at Medford, contain the same mineral. They state aJso that mica~ 
ccous oxide of iron exists in the greeostone at Charlestown. 

According to the same gentlemen, asbestus is found in fragments of greenstone in Brighton 
and Dedham; and I have found it in one <>f the anomalous nrieties of this rock at Nahant. 
Probably, however, it is comparatively rare. 

Epidote, as already mentioned, exists abundantly in the greenslone around Boston; but never 
to my knowledge in that in the Connecticut valley. Generally il is disseminated through the 
grccnst'Jne ; but sometimes it occurs in veins, and is then usually compact, though often 
crystalizcd. At Breed's Hill is a locality: and a much better one al Nahant. 

The cavities of the amyg<laloid are sometimes occupied by a dull green foliated mineral which 
appears to be chlorite. The folia have in general a radiated structure, and sometimes innst 
calcareous spar. (No. 1173.) A little below Turner's Falls in Gill, just at the mouth of Fall 
H.i,·cr, on the east bank, is the best locality of this mineral with whic..h I am acquainted. More 
frequently the cavities are occupiecl with earthy chlorite, and the specimens of this kind are \'cry 
common along the eastern side of the ranges of greenstone in the Connecticut valley ; as in 
GrccnfielJ, Deerfield, South Iladley, Northampton, and West Springfield. 

At the locality just referred to at the mouth of Fall River, occurs the rare mineral chloroi:hro
itc. It is abundant in the projecting mass of greenstone that appears at the junction of the 
Connecticut and the small river just mentioned ; on the east bank of the latter ; and the spot 
can hardly be mistaken by any one desirous of finding it. This mineral, when the rock is first 
Lroken, is of a dull green color: but after a few hours exposure it becomes nearly black. After 
long exposure, however, some specimens assume a dark brown color. For the most part the 
nodulcs,---often half au inch and sometimes more than an inch in diameter,-exhibit a fibrou! 
strncturc, the fibres radiating from one or more centers in the same nodule. The mineral is 
easily scratched with a knife, and the powder is of a dull green color. \Vhen fractured, howe,·er, 
il appears brittle. Sometimes calcareous spar is enclosed within the chlorophreite; but very 
rarely are the nodules hollow. lf I mistake not, in one or two instances I have observed a folia
ted structure in the specimens. There seems little danger of exhausting this locality. The sarr,e 
rock contains disseminated prehnite, chlorite, and pyritous copper. It is however, but slightly 
amyg<laloi<lal. 

Prehnite has been found in the greenstone in the vicinity of Boston, particularly in Charles
town. But it is more common in the valley of the Connecticut. Near the chlorophreite locali
ty just described, on the Greenfield shore of the Connecticut, it is oat uncommon in amygdaloiil, 
Then: its color is nearly white. In general it is more common on the eastern side of the greenstor,e 
ridges, than on the western; for example, where Deerfield river cuts through a ridge of this 
kind in Deerfield, and on the east side of the same ridge four or five miles farther south, in a. part 
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or the town called PiDe Nook: also in West Springfield. But it is found likewise on the west 

side of lhea · ridges; as at a spot one mile east of the \'illage of Deerfield, and at another about 

the same distance nearly east of the "illage of GreenfidJ. The finest specimens that I have 

found in Massachusetts, occur in a ridge of trap rock that has beeu cul through in \Vest Spring

field by the Western Rail Road; a sketch of which spot is shown on Fig. 69. The balls of 

radiated prehnite here occupy veins in the rock, along with calcareous spar, which often invests 

the prehnite with minute crystals. Specimens will be found in the State Collection. 

Augite of an iron black color and in imperfect crystals or in veins, is sometimes met with in 

the tufaceous grcenstone of the Connecticut valley: as at a spot one mile east of the village of 
Deerfield. 

Sevf'ral varieties of the quartz family are found in the greenstone of Massachusetts; princi

pally in that of the Connecticut valley. Limpid crysta.lized quartz is found frequently in the 

form of geodes, and sometimes these crystals are amethystine, of a delicate though not very dt'ep 
color. This amethyst has bf'en observed one mile east of the village in Deerfield; on the same 

range three miles south of this spot and east of the village of BJ00<ly Drook; on Mount Hol

yoke; and in West Springfield. At the latter place the crystals are sometimes smoky. (No. 
1117-) 

The quartz that occupies the cavities of greenstone, as at a spot a mile east of tbe village in 
Deerfield, is sometimes tabular; and the folia are quite thin and delicate. Sometimes it is radi· 

ated, and not unfrequently it contains tabular or prismatic and radiating cavities, once occupied 

by a mineral. These cavities were perhaps once filled with Thomsonitc; at least they 

resemble that mineral in form. I ha\·e .seen them three or four inches in length, and crossing one 
another from difi'erent centers. 

Chalcedony is not an un"tommon mineral in the grcenstone of the Connecticut valley. So far as J 
know, it is wanting in the greenslone around Boston: and this fact, with the almost entire absence 
of an amygdaloidal structure, are marks of peculiarity well worthy of notice. la the Connecti

cut valley the chalcedony is usually in small nodules, rarely more than one or two inches across 

Most frequently its color is milky or smoky gray, and sometimes it appears to be real cacholong 
At other times it is of a flesh color, from the lightest to the deepest shade, forming carnelian. 

Rarely it is yellowish, and closely allied lo sardonyx. These varieties are most common in the 

greenstone range passing east of the villngcs of Greenfield and Deerfield, and on its western face ; 

but rare on its eastern side. 
All the above varieties of the quartz family are sometimes arranged concentrically, so as to 

form ag:ites. Generally these arc small : but some specimens found by Dr. Cooley in the south 

part of Deerfield, two miles northeasterly from Blootly Brook meeting house, were quite large . 

The largest of these- specimens, nine by six inches in diameter and weighing 23 pounds, was 

composed of an outer zone of greenish chaJn .. dony half an inch thick; an<l an inner zone of flesh 

colorca chalcedony: the center consisted of an ;imcthystine geode. The best of these specimens 

which I have been able to procure for the collection (No. 1191.) is about six inches by four: 

the outer zone is carnelian ; the second bluish chalcedonv, ant! the remainder limpid quartz, 

almost filling the ca\•ity. \Yhcn the outer co;it is broken ofi'1 the specimen shows a strong resem

blance to the human sku ll ; exhibiting protuher~nccs nnd depressions enough to satisfy the most 

sanguine phrenologist. Another specimen, three inchrs in diameler1 exhibited no less than 14 

concentric bands 1 consisting of ''arious colors. Thi., is a genuine fortification agate. Sometimes 

fortification and rycd agates arc exhibitt>d in the snme srecimen. It is to be feared, however, 

that this locality is !learly exhausted; at least, until a Jong pcrio<l of time shall have decomposed 
the grccnstone much dcPper. 

C.nlcareous spar is one of the n"!Ost frequent of the miner:ils in the greenstone of Massachu

setts; both in that in the enstern part \lf the State and in the Connecticut valley. Cencrally it 

84 
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h the laminated variety; sometimes flesh colored, but mostly limped. Often it constitutes the 
cement of trap tuff. Sometimes it is in distinct crystals. 

A few years since, Prof. Silliman detected selenite in amygdaloid from Dei::rfield. It was 

white and retained its water of cryslalization. 
Se\'eral species of zeolitic minerals have been found in this rock in the Connecticut valley. 

Analcime has been fre1uently said to be quite common; but I am suspicious thnt calcareous spar 
has been confounded with that mineral: an<l l dare not say that it exists in our greenslone. Nor 
am I sure tbat laurnonite occurs as for north ail Massachusetts, although the greenstone in the 
vicinity of New Haven contains it. As to chabasie there is no doubt but it has been found in 
Deerfield, one mile east of the village . It is always crystalized, and almost invariably in the 
primary form, an obtuse rhomboid. The crystals vary from l-50th to l-4th of an iuch on their 
sides; and these are grouped on tabular and pseudomorphous quartz, on prehnite, and on the 
greenstone: either in fissures, 0r more commonly in the cavities of the amygdaloid. This min
eral seems to have entered these cavities for the most part at a later period than many of the 
others with which it is associated. For often we find. it in the upper I art of a cavity whose 
lower part is filled with another mineral; but nevn in a reverse order. The amygdaloid in 
'vhich this mineral occurs is extremely hard, and hence the chabasie has been preserved. lt is, 
however quite difficult to obtain good specimens. 

In the amygdaloid on the east side of the greenstone range in Deerfield and Greenfield, I have 
observed a few rather poorly characterised radiated specimens, exceedingly resembling the Thom
sonite of Scotland. 

In the grPenstone one mile east of the village in Deerfield, a mineral occurs, closely allied in 
external characters to stilbite and Heulandite: and formerly I <lescribed it as stilbite. But 
in its crystaline form it differs from both those species, and indeed from any known mineral. J 
have, therefore, ventured lo describe it as new i and dedicated it to Governor Lincoln in my 
former Report, under the name of 

LINCOLNITE. 

Tliis mineral occurs in minute yet nry distinct crystals, which are right obliriue angled prisms. 
Three trials on as many crystals with the common goniometer, give the following results for the 
angles or the bases. 

First crystal: 

Second crystal: 

Third crystal: 

Fig. 145. 

Angles A, A, 61°. 
AnglesB, B, 119°. 
Angles A, A, 6lc. 
Angles B, B, 120°. 
Angles A, A, 61..:i. 
Angles B, B, 120°. @ A 

. 

. 

The mean result of all the trials I have made does not vary much from 60° to 120°. But 
this may differ from the truth half a degree; I think not more. The:: bases are commonly bright 
enough for the application or the reflective goniometer: not so the lateral faces. 
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I have observed only one modification of this crystal, and that consists of a slight truncatioo 
on the acute lateral edges, as represented ju Fig. 146. (No. 1202.) 

Fig 146. 

The height of the prism is about equal to the longest ed~e. It yields to mechanical division 
only paralld to the bases. IL has a lustre somewhat pearly on the clean:ige plane, and not un~ 
frequently the folia are slightly curved. lt is always white or colorless; sometimes transparent, 
but gene:rally only transluc·ent. In every other character it corresponds with Heulandite and 
stilbite. On hot coals it whitens, and before the blowpipe melts into a white spongy enamel. 

The crystals of this mineral are mingled, usually in the least proportion, with crystals of 
chaba!:-ie ; either in the amygdaloidal cavities of the greenstone, or in its fissure:;. 1 have rarely 
met with a crystal whose longest side exceeded the l!!ulh of an inch: and most of the specimens 
in the collection will need a microscope for their examination. It is very rare and obtained with 
difficulty, though small specimens will reward the persevering collector. (Nos. 1200 to 1204.) 

At the same spot in Deerfield a radiated mineral occurs, forming sometimes perfect spheres, of 
tlu~ size of an ounce bullet, which may be Lincolnite 1 though perhaps it is stilbite. 

This same radiate<l min"eral is found al Bellows' ll'a\ls in Vermont, encrusting gneiss. On ex· 
nmining some specimens which 1 obtained there a few years ago, I perceived several distinct 
crystals of Lincolnile, which are quite small: and I am more and more inclined to the opinion 
that the radiated mineral above spoken of, both at Bellows' Falls and at Deerfield, is Linco\nite. 

Jt is obvious from the preceding description, that this mineral differs from stilbite .rnJ Heulan
ditc, only in its crystalographical characters. Stilbite crystalizes in a right square prism. Heu .. 
landite comes nearer to Lincolnite i its primary form being a right oblique angled prism. But 
the angles of its bases are about 50c and 130°; differing 10° from those <1f Lincolnite. Such a 
d ffercnce cannot be imputed lo the imperfection of mensuration ; nor can I conceive how it 
could possibly result from any modification of stilbite or Heulandite. I canuot see, therefore, 
why the principles of mineralogy do not require that this mineral be regarded as a distinct 
species. 

16. PORPHYRY, 

The term porpihyry in geology seems now to mean any rock in which 
"<li8ti11ct crystals of one or more minerals are scattered through an earthy or 
compact base." (Lyell's Elements of Geology, p. 155.) In l\'Iassacbusett~, 
however, although I have described several rocks as sometimes porphyritic, 
whose base is more or less compact, yet there is only one variety, am! that 
limited to the eastern part of the State, that I regard as genuine porphyry. 
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Lithological Characters. 

!. Compact Feldspar. (Nos. 1206 to 1228.) This mineral, more or less changed by other 

substances chemically mixed with it, forms, I be1ievP, the basis of all the porphyry in Massa
chusetts. At any rate, I have found no varieties, the base of which I was not able lo fuse with 
a common blowpipe: and this fact, in connection with another, that the great mass of our por

phyry has a base of well C'haracteriscd compact feldspar, h:ls satisfied me that this is the predom

inant ingredient in the whole of it. Ilut this compact feldspar, both that which forms the paste 
of porphyry, and that ''-:hich contains few or no feldspar crystals, varies exceedingly in color, in 
toughness, and in the case with which it can be fused. And to what but an admixture with more 

or less of other minerals, can we impute these c.Jifferences? 
It seems to me, that in the present state of geological science, we may take It (or granted, that 

compact feldspar has once hecn melted. But what was the original rock from which it was pro

duced? Judging from the present constitution of the earth's crust, we must suppose that rock 
to have been one in which feldspar only predominated, but did not exist alone; or in some cases 

perhaps, the feldspar formed only a small proportion of the whole. The melting down of such 
rocks would produce just such vari'et~cs of compact feldspar as we find to exist. Sometimes 
they would be almost pure, while at other times they would contain so much silex, or other 

earth, that they could scarcely be distinguished from bornstone, jasper, quartz, &c.; and their 
fusion would be quite di{ficult. 

Now it seems to me that there is too close a resembl:rnce between this a priori reasoning and 
facts, to permit us to regard the former as mere hypothesis. lt obviously gives us a clew to the 

whole history of compact feldspar, and prepares us to expect as great anomalies in its c)taracters 
ns can present themse~vcs. 

Compact feldspar in the vicinity of Boston forms deposits of considerable extent: I mean that 
variety which is so deficient in crystals of feldspar, that it would not generally be denominated 

porphyry. It is true, ho":ever, that a careful examination of this rock, will aln1os~ always detect 
these crystals in it; and sometimes polisl;ing will bring to light a porphyritic structure where it 
was not previously obviou.$. Hence I have not hesitated lo reckoucomract feldspar as a variety 

of porphyry. The variety most wanting in feldspar crystah usually lies between genuine por· 
phyry or sienite on the one side, and graywacke on the other. A rleposit of it thus situated, ex
tends from Medford to Malden. Another strip of it may be seen in the south part of Dorchester 

ancl Roxbury, and i.n the north part of Milton and Dedham. The same range, probably, ap
pears and forms hills in Needham and Natick. It is most likely tbe other extremity of this. 
range appcar3 in Hingham. OCtt=n a portion of these derosits, especially on that side whero 
they unite with gi;aywacke, exl1ibits somewhat of a shty structure; and when desnibing gray
wacke, I have mentioned a variPty which iii conglom('rate<l compact feldspar. This was noticed 
near Neponset river, not far from the line between Milton and Dorchester. 

Although the compact feldspar under considerntion assumes almost every variety of color, yet 
there are certatn predominant colors. One of the most common is a grayish white: as in Med· 

ford, where some of the rock has the aspect of granular quartz. This variety sometime! assumes 
a ye11owish tinge, as in l'\ewbury ; and this appears to be one of the pure!l varieties of this 
rock, and the one which, if any, will answei;- for Turkt-y stones. (No. 1206.) A dark gray color 
is another that prevails ; and sometimes it is obvious that the rock embraces fragments of indu~ 

rated slate, not perfectly incorporated with 1he feldspar. A more striking and ,·ery common va. 
ridy is red, of various shades., from browni:sh to blood red. The latter vari1dy abounds in Hing

ham, where ledges of it may be seen a little north of tho "Village. Specimens of this rock can 

hardly be distinguished from the jasper so called, of Saugus; and probably It is essentially the 
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same thing, Yiz. compact feldspar with a mixture of some other ingredients. Doth of them are 

fusible with some difficulty into a semi·transparenl porous glass. They correspond pretly nearly 

in their characters to the Tose petroailex of Sahlberg, described Ly Berthier in the 36th volume 

of the Annales de Chimie et de Physique, and which he regards as a distinct species from com· 

pact feldspar, and which Beudant has since described as such. However, it seems to me that 

if we make a distinC't species o this Yariety, we must make a dozen others from the compact 

feldspar of ?1-'lassachusetts . He would erect this into a new species, chiefly because it differs 

fron1 ft!ldspar so much in composition. But if compact feldspa1 had an igneous origin, should 

we not expect its composition to vary much according to the greater or less quantity of foreign 
substances tbat happened to melt and mix with the feldspar: nor would this be a reason fur mak· 

ing distinct species, so long as the consLituents of foldspar predominated. Some specimens of 

our compact feldspar of a reddish color exhibit traces of a schistose structure, and are traversed 
by thin veins and layers of quartz. These melt wilh great difficulty. 

These are the principal varieties of color that I have met with in the non-porphyritic compact 

feldspar of Massa.chusetts. When porphyritic, however, it exhibits several other predominant 
colors, which will be mentioned in the proper place. 

2. Antique Porphyry. (Porphyre antique, Al. Brongniart.) This variety constitutes the great 
mass of the porphyry in the vicinity of Boston : and I call it antique because it so closely re

sembles that used in the monuments and ornaments of the ancients. As to this point we have 

the testimony of Prof A. Drongniart, who quotes ' Chelsea near Boston ;' as a locality of por· 

phyry, and says that' it entirely resembles the antique porphyry.' ( Classijica.tion des Rocltes,p. 

JOS.) He might have added that probably as maoy, if not the same nrieties occm in the vi

cinity of Boston, as were employed by the ancients. The specimens which ] have placed in the 

Collection, an<l the most of which are polished, will render this statement probable. For if I 
could obtain so many varieties during the little time that I have spent in examining this forma· 

tion 1 how extensive a suit might be brought to light by long and careful research! 
The compact feldspar that forms the base of these porphyries presents numerous varieties and 

sh3des of color. One of the most elegant, is a li2,ht green, such as occurs in Chelsea and Mal .. 

den i (Nos. 1255, 1256, 1257,) or the deeper green that 1 ha\·e met with in Milton. (No. 1255.) 

Rod of various shades is a still more frequent color. (Nos. 1247 to 1253.) A reddish brown is 

sometimes met wilh. (Nos. J240, 1241, 1243, 1258.) A nearly black color more often: (Nos. 

1234, 1235, 1236 ) A gray color sometimes: (Nos. 1239, 1242, 1244,) and a purple color 
rather seldom. (.Nos. 1232, 1233.) The imbedded crystals are usually ofa light colvr, some-

times white, sometimes brown, and sometimes greenish. Generally they are foliated, Yery rarely 
eompact, and distinguished from the base chiefly by the color. 

3. Porphyry urith a base of compact Fddspar, and /u;o or wore minerals imbedcled. (Nos. 1258 

to 1262.) Feldspar and quartz are the two minerals present: but I have noticed usually small 

plates of mica. Sometilnes it is very obvious, indeed, that this rock is intermediate between 

sienite and porphyry. In other words, it seems to be the former rock partly melted down into 

the latter. The porphyry of the Blue Hills is chiefly made up of this variety ; though some 

perfectly formed porphyry is found there. The qu:irtz is usually hyaline and smoky, and some· 

times it fqrm:l the only imbedded mineral ; the feldspar being all compact. ln such cases cs. 

pecially, where lhe base is of a light color, the rock exceedingly resembles trachytic porphyry l 

(Nos. 1261, 1262,) and it will hardly admit of being polished fQr ornamental purposes. That a 

parphyFy, \\'hich, by being thus associated so intimately with sienite, is proved to be one of the 

oldest varieties on the globe, should so m.uch ~~semblc the most recent variety, proves lhat 

similnr cause~ hn.ve operated in its production at different and very remote periods . 

.J,. Brecciated Porphyry. ] know not how to describe this variety better, than by saying that it 

is composed of angular fragments of porphyry and compact feldspar, re-united by a paste of the 
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same materials, which is itself also porphyritic. Hence it appears that there must have been an 

original formation of these rocks, (compact feldspar and porphyry,) which was subsequently 

broken up, either by the mechanical agf"nc.v or water, or the mechaoico-chemical agency of heat, 

redissolving and mingling the materials. The fragments are of various colors, usually, however, 

gray or red : and this proves that rocks from different localities must have been mixed together . 

The paste is commonly in the greatest quantity; and the rock is as bard and broken wilb as much 

difficulty as any other variety of porphyry. ]tis not a very common or abundant variety; but. 

for ornamental purposes it affords specimens of great delicacy. (Nos. 1263 to 1270.) 

Dendritic Impressiontr. 

Our porphyry sometimes contains very beautiful dendritic impressions, which are easily mis
taken for vegetable relics. The Eastern Rail Road cut through this rock in Lynn, has brought 

to light the finest specimens. No. 2372, is an example ; though by no means as good as many 

which have been found. No. 2373 1 is a specimen of the Saugus jasper with similar im

pressions: and No. 2374, a like example on hornstone, or compact feldspar, from Holliston. 

This mimic arborization results probably i.n all these cases, from ibe infiltration of an ore of man

ganese into very narrow fissures in the rock. 

Topography of. PorphynJ. 

Only three rhnges o[ this rock are given on the Map ; and these are all in the eastern part of 

tl>.e State. T.wo of tbem,-the principal ones,-lie, the one on the north and the other on the 

south of Boston, having their longitudinal direction east arrd west. The third i~ in Essex 

County, extending easterly from :Byfield Academy, nearly or quite to the coast. This s trip is 
chiefly compact feldspar· and mostly the red variety. It ct-rta!nly deserves a more thoroug.h ex~ 

amination than I have been able to gi"O"e it. 
In some plar.es farther south, as for instance on the tUTnpil(e between Boston and Newburyport , 

in Topsfield, I observed a rock in place, intermediate between porphyrry and greenstone: aod not 

improbably genuine porphyry may be found in the vicinity. 

This rock is most fully developed in its cbaracters in the range a little north of Boston, ex· 

tending from West Cambridge through Malden and l\Iedford to the cast part of Lynn, and thence 

with an interruption to Marblehead Neck, ·which is chiefly porphyry. 1The southern border of 

this strip, certainly towards its western extremity, is compact feldspar. The porphyry (mostly 

anlique, though sometimes brecciated,) forms a broken ridge of considerable height, generally 

naked and precipitous on its southern side. On the north it is succeeded by sienite, and the two 

rocks are so closely connected that the line between them is very obscure and irrtgu!ar. , ] am 

satisfied, however, that this porphyry range has been usually represeate<l too wide. This is the 

range that will probably furnish the best varieli~s fur ornamental purposes, whenever the public 
taste shall create a demand. 

There is reason to suppose that this range extends much farther east bPneath the ocean. For 

Bon. H. A. S. Dearborn informs me that Halfway Rock, lying in the ocean several miles east of 

l\Iarblebead, is porphyry. Indeed, specimen No 12fi4 "\Vhich he presenled to me, will show that 

it is perhaps the finest brecci&.tM porpbyry in lhe State. Now as this island lies nearlv in the 

direction of the Malden and Lynn porphyry range continued easterly, l infer that it did oiice 

r each so far; (and perhaps does now beneath the ocean;) nor can we say how much farther. 

\Ve see here from whence proceeded the porph_yry pebbles that are so common along the south

ern shore of Massachusetts Bay, and on the islands of Nantucket and Martha's Vineyaid. 

The porphyry range south of Boston occupies much more of the surface than that just de

fiCribed i and yet I doubt whether it contains so much genuine porphyry. It extends in a curvi-
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linear direction from Medway and I\Iedfield, following Charles river so as to enter Natick and 

Needham, thence turning easterly through Dedham, Milton, Braintree, and Quincy to Hingham. 

Ycl it appears to be interrupted in Weymouth, and I have marked the deposit in Hingham as 

insulated. This is chiefly compact feldsp:ir, especially the red variety. A branch from this 

raag~ extends into the south part of Dedham. The range, it will be seen, embraces the greater 

part of the Blue Hills, the most elevated land in the vicinity of Boston, their highest point rising 

more than 700 feet above the ocean. But it is only the upper part of this mountain that is 

composed of porphyry, and by no menns the whole of that: for sienite is rrequently found 

there. The porphyry is chiefly that variety which has a trachytic aspect, being evidently 

intermeJiate between porphyry and sienite. 

I have met '"vitlt this sort of porphyry in no other places in the State, except one or two 

v~ins. Vein No. 2, ten feet wide in Cohassett, shown on Fig. 147, is feldspar porphyry, (No. 

2340.) In the sienite of Whately 1 found a vein of compact ft:ddspar two or three feet wide j 

but the foliated structure of the feldspar was not entirely obliterated. In the argillaceous slate 

of Guilford, Vt., a quite distinct porphyroid granite occurs, and with it well characterized green· 

ish compact feldspar. Th~se rocks are so obviously granite, imperfectly melted down, that I 

have thought it best to describe them under granite, and to place the specimens (Nos. 1467 to 
1470) among those of granite. A specim_en (No. 1211) of the Whately compact feldspar will 
be fouod in the Collection, 

Geological Position. 

In respect to the relative position of the porphyry of Massachusetts, I 
have but little to say, because but few facts have fallen under my observation. 
I have ne\'er met with an instance in which this porphyry was exhibited in 
juxtaposition with any stratified rock; except as already remarked, the 
compact feldspar succeeds to the graywacke as an older rock and gradually 
passes into porphyry. This porphyry, howe1·er, is associated, both on the 
north and south of Boston, with sienite ; and in all cases, so far as I have ob
served, tlte porphyry lies above lite sienile, and there is a gradual transition 
between the two rocks. This fact is most obvious in the Blue Hill range, 
where one is often much perplexed to decide whether the rock be sienite or 
porphyry. The sienite in these cases, however, it is important to remark, 
is never so far as I know, that variety consisting of compact feldspar and 
hornblende, which occurs as a member of the overlying family of rocks, but 
that variety composed essentially of fildspar, quartz and hornblende, which 
is connected with granite._ Hence I infer that our porphyry belongs to the 
oldest varieties of this rock that have been described, 

.Mineral Contents. 

Although in South America, according to Humboldt, porphyry forms the matrix of gold and 

some olher metals, yet, in general this rock is remarkably destitute of foreign minerals. Jt is so 

in Massachusetts. In Malden 1 it contains a little specul.ar o~ide of iron, and this is the only 

mineral hilhe110 announced as occuring in it. A careful examination of specimen No. 1222 with 

n microscope, has led me to lhe belief that it co,utains a minute quantity of native gold. The 
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quantity is so very small that an assay cannot be made of it: yet it certainly bears an exact re
semblance to native gold. The specimen is an extremely hard variety of compact fddspar ap· 
proacbing flinty slate, from the Blue Hills. I should uot allude to this circumstance were not the 
porphyry of South America rich in this metal. 

J7. SJENITE. 

Sienite, consists of a grantiform mixture of feldspar, hornblende, and 
quartz. And this definition I shall take as the type of the rock now to be 
described. 

Lithological Characters. 

l. Feldspar and Hornblende. This differs from greenstone by the predominance of the feld· 
spar: and yet it is obvious that in respect to many specimens, and even very large deposits, it 
is difficult to decide whether they should be referred to the former or to the latter rock. In al
most all cases both the ingredients are more or less crystaline : though sometimes, as at Nahant, 
the feldspar seems to be passing to a compact state. The hornblende is almost universally black; 
the feldspar white, greenish, and yellowish. (Nos. 1271to1285.) 

l apprehend that by a careful examination of the specimens of this variety, nearly all of them 
would be found to contain more or less quarlz: but quartz and feldspar, when fine grained, seen 
through a microscope1 resemble each other so much, that it is not easy to decide. At any rate, 
this variety insensibly admits quartz and mica into its composition 1 and thus approximates to 
granite. 1t is hardly necessary to say, that on the other hand it passes into grecnstone. This 
variety, although elegant, is rarely wrought for ornamental purposes, on account of the prover~ 
bial toughness of the hornblende. 

2. Feldspar, Quart::, mid Hornblende. Tbis variety embraces nearly all the sienile in the 
State that is employed for architectural purposes, including the quarries at Quincy and those on 
Cape Ann. Feldspar is the most abundant ingredient. This is foliated, and commonly of a 
grayish, bluish, or yellowish color. A hyaline quartz, varying in color from quite light to quite 
dark gr;iy, is very uniformly mixed with the feldspar, so as to e:'!'.hibit homogeneousness in the 
midst of variety. In general, the hornblende, which is black, is very sparingly disseminated, 
and hand specimens often contain not a particle. Indeed, over extensive tracts l have sometimes 
not mel wiLh any. Hence l have arranged under this variety a rock very common in the vicin
ity of Boston, <liff P.ring from that just described only by the absence of hornblende. It is most 
common a. considerable distance south of Boston in the counties of Norfolk and Plymouth. In 
some instances, as may be seen by the specimens. Nos. 1286 to 1308, the feldspar is flesh red, 
or a lil::i.c re<l, and in others of a blood red color. Its great resemblance in structure and compo
silion to the Quincy an<l Cape Ann sienitcs, and the remarkable absence of mica, have led me to 
associate il with lhe n1riely umler consideration : and in fact it forms a part of the same range. 
1 distinguish this rock from granite only by the absence of mica: yet it must be obvious that 
this mark is not very satisfactory. 

Sometimes the feldspar in this compound of that mineral and quartz, is nearly or quite com
pact. J have oLserved this variety most frequently in the north part of Essex county, as io 
Rowley and Ne" bury. A like compound is connected with the sienite of other countries. 

3. Feldspar, Hornblt.nde, Quart::, uncl Mica. In this quaternary compound we have a still 
nearer approach to granite; and generally it passes into granite by the disappearance of horn
blende and tile increase of quartz and mica. Yet in all cases where I have noticed it, this rock 
occupies a position between genuine granite and the newer stratified rocks. Hence] infer, that 
geologically considered, the difference between it and granite are important to be noticed. 
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The feldspar and hornblende arc the predominant ingredients in this varif'ly. The quarlz is io 
so small grains lhal it is apt to escape notice; and the mica being usually black, is ve1y easily 
mistaken for hornblende. In general all the ingredients exhibit a liveliness of crystaline struc

ture which is observable only in the oldest rocks. The feldspar is ordinarily white, sometimes 
flesh colored, and the hornblende black. The grain of the rock is commonly finer than that of 
the second variety. As yet it has been but seldom employed for architectural purposes; although 

it would be beautiful and enduring. (1319 to 1340) 
4. Porphyritic Sienite. (Nos. 1341 to 134!)) I mean by this term any sienite through which 

are interspersed crystals or foliated masses of feldspar, so as to give the rock a porphyritic aspect. 

I do not recollecl, however, en::r having seen the last variety above described, porphyritic. And 

indee<l, nearly all the rock which I regard a3 porphyritic sienite ln Massachusetts, and specimens 
of which will be found in the collec.tion, is almost entirely destitute of hornblende; and hence 
many geologists would regard it as porphyritic granite. But the specimens are rarely wanting 
in veins and disseminated masses of compact cpidote, an<l I cannot but regard this mineral as 
more decidedly characteristic of our sienite than hornblende. If this be presC>nt and the mica 
almost or entirely absent, I have little hesitation in rC"garding the rock as geologically a part of a 
s ienite deposit . 

The most elegant variety of porphyritic sienite that I have met with in the State, occurs in 
Abington, and North Bridgwater, and in other parts of Plymouth county. Its base consists of 
quartz and feWspar, with an abundance of epidote disseminated and in veins. The feldspar 
crystals that constitute it a porphyry, are of a flesh color There is also a dark colored minernl 
dilfuse<l through the mass, which may be hornblende or mica. This rock if polished would form, 
it seems to me, the most elegant ornamental stone in the State. (Nos. 134-! to 1347.) 

The sienite of Cape Ann is often porphyritic. In one place, ahout half way between Sandy 
Bay and Gloucester Harbor, I found a variety in which the imbedcled feld:1par crystals are of a 
very rich bronze color, approaching in appearance to hypersthene. But when this rock is smooth· 
eel, its aspect is too dark to be t>lPganl. (No. 1343.) 

5. Conglomerated Sienite. \1'1"os. 1350 to 1353.) This is a most interesting variety on ac
count of the bearing which its characters have upon the theory of the formation of sienite. I 
have met with it chiefly in the compou!'ld, No. 3, just described. The rock in general does not 
differ from that varietv ; but it contains rounded :nasses of the oldest stratified rocks. It is in 
fact a real conglomerate ; and in some places the nodules are so numerous that it has very much 
the aspect of the coarse pudding stones of the newer rocks. The noJulcs vary in size from the 
diameter of half an inch to that of six or eight inches. They are not smoothed, like the pebbles 
in the more recent conglomP.ratcs, by medrnnical attrition : but they appear like masses of rocks 
that have been partly melted down by heat. In almost all cases, hornblende predominates in 
these nodules : an<l oflcu they consist of distinct hornblende slate. Sometimes they co11tain 
m ica in considerable quantity, and more rarely thry consist chiefly of quartz and mica, the for

mer in excess, forming a kind of quartz rock. FclJspar is also frequently present, ·especially in 
those cases where the schistosc structure is indistinct: und sometimes the nodule appears to be 
only a variety of sieni~e, in which the feldspar is in a sm~llcr quantity than usual. Upon the 

whole, I think 1 ha.ve ascertained the presence of hornblende slate, mica slate, and quartz rock, 
in these nodules. When the rock is broken, they are knockeJ out without difficulty, like the peb
Jolcs from a common conglomerate. 

The theoretical inft!rcnccs deducible from these facts I shall reserve for the sequrl. 

6. Au9itir Sic11ite. The presrnee of hornblende in this variety and the absence of mica, have 
led me to call it augitic sienite rather thnn augitic granite: although in position it is assoc.iated 

with gran ite. There are two varietiC>s. The first is composed of black hornblende, greenish 

augite, and yellowish foldsp~; all the ingredients except the feldspar exhibiting a very Jistinct 
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and lively crystaline structure. This variety occnrs in the northern part of Belchertown The 

other variety which [ ha,:e found only in bowlders in Amherst, consists of augite and Celqipv.r i 
the former b~ing· so arranged in the latter as to present the appearance Qf l~tter!i. (Nqs 13621 

1363) 

Topography of Sienite. 

The eastern and northeastern parts of Massachusetts most abound in sienite. A large part of 

Essex county is based upon it, as are several towns in Middlesex. On the south of Boston it 

spreads over a large part of Norfolk county and some part of Plymouth. A glance at the Map 

will show where it prevails most extensively. Jn all these places it forms hills of moclerate 

elevation with no very striking characters. Its particular situation in respect to greenstone and 

granite I have already described in treating of the former rock. 
The only other place in the State where I have met with sienite in place, is in the valley of 

the Connecticut. Here 1 have marked two deposits of considerable extent. The first extends 

from Belchertown to Chicopee river: the other, on the west side of the Connecticut, occupies 

a considerable part of Northampton and Hatfield, and extends to the center of Whately. 
Although sienite very much resembling that which exists in the valley of the Connecticut oc· 

curs in the eastern part of the State, yet none like tbat which is so commonly employed for 

architectural purposes in the eastern part of the State, known as the Quincy and Cape Ann 

sienite, is found in the valley of the Connecticut. Nor have I met with any in that valley 

which is porphyritic. Jndeed, I have arranged nearly all which has come under my observation 

in that valley, under the quaternary compound described as the third variety in giving the min.~ 

eralogical characters; allhough I doubt not but one or more of the four ingre<lienls may 

sometimes be wanting. Perhaps all this sienite might properly be described as siei:i.iti,c grani\c, 

or granite which takes a proportion of hornblende into its composition. ' 
The sienite in the Connecticut valley occupies a low level, rarely rising into bills. of more than 

100 or 200 feet high. And on the west side of the :i;iver a con,side.r;able part of the formation is 
buried up by dilu vium. · 

The sienite of this valley sometimes exhibits a tendency to assume a columnar form. Perhaps 

this is exhibited no where to better advantage than in the ledge by the road side about a mile 

north of Northampton village. Tbe columnar masses are only a few inches in diameter, and are 

much less perfoct than those found in greenstone. The fact? however is interesting, as indicatinG" 

's~milarity in the causes that produced the two rocks, 

Pseudo-Stratification of Sienile. 

At one of the quarries of this rock rat Sandy Bay, Cape Ann, on the road from thence to Squam, 

a remarkably fine example may be seen of the division of this rock into parallel layers. Their 

thickness varies from two inches to two feet, and great facility is thus afforded for quarrying the 
stone. 

As this apparent stratification extends only a few rods, while all the rest of the sienite en the 

Cape that l have met with, is unstratified, we cannot regard this case as real stratilication. I 

consider it an example of the concretionary structure oa a larg~ scale. But it is unnecessary in 

this plJce to dwell upon this explanation, since l have already discussed it in treating of a siin.
ilar phenomenon in greenstone , 
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Veins and Dikes in Sienile. 

These are numerous and various in their probable mode of production, as well as in their com

position. Some of them may properly be dt:!nominated , 'veins of segregation : ' 'as they seem 

to have been formed by a separation of parts during the gradual passage of the mineral masses 

into a solid state.' (Sedgwick) In most cases ihey appear to consist of harder portions of the 

rock, which become visible only by the weathering of the surface, when they are left in pro

jecting ridges, and e.t a little distance cannot be distinguished from injected veins. I presume 

that it will be found in all cases, thatthese veins differ somewhat in composition from the rest 
of the rock and indeed, in some cases this is obvious, as they contain more or less of a foreign 

mineral, such as epidote or quartz. 
No rock in Massachusetts contains as many veins and dikes as sienite. I shall first describe 

some of the most remarkable cases in the eastern part of the State. 
South of Boston l have met with the best example of dikes, on the north shore of Cohasset. 

Fig. 147 f;hows a case at that spot, embracing a few square rods of surface. The basis rock, 

No. I, is sienite. No. 2 is porphyry: (No. 2340) the principal dike being IO feet wide, and 
the other spot, marked 2, being the end of a triangular mass of porphyry. No. 3 isgreenstone; 
the widest dike being 20 feet, and the narrowest but a few inches. \No. 2347.) This rock con

tains numerous small foliated masses of a bronze colored mineral, which exactly resembles bron· 

zite. But it is as soft as talc, and I do not know its nature. This rock it will be seen, has cut 
off the porphyry dikes. No. 4 is marked on dikes of common greenstone, which are 8, 6, and 

5 feet wide, and ,which intersect No. 3. In this case then, we have four successive epochs at 

wh ich these rocks were eruptetl: I, the original rock: 2, the porphyry: 3, the peculiar green

&tone, No. 3: 4, the common greenstone, No. 4. 

Fig. 147. 

It is in Essex county that we find the most abundant and remarkable examples of dikes and 

veins. The shores of Marblehead, Salem, and Beverly, and the numerous islands along that 

coast, are full of them. Fig. 148 will give some idea of the principal dikes upon Haste Island, 

in Salem Harbor. The island is only a few rods in extent, and is a naked rock of sienite, which 

is traversed by several distinct veins and dikes of granite and greenstone. Over a considerable 

part of the surface, it seems as if the greenstone in fragments had been thrown into the sienite 

while in a soft state, and then the whole bad been consolidated. No. 6 is the basis rock. The 
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veins marked, No. 1, are probably the oldei:;t. They are very narrow ;ind of granite or feld.srar 

chiefly. Nos. 2 and 3 are of white granite, and probably of the same age; the first being 4 

feet wide and the latter 2 feet. No. 4, about 4 feet wi<l~. is of grt>enstone, which at one ex

tremity enlarges and seems a mix.tme of greenstone ao<l sienite, and is younger than No. 5. The 

latter, of the same width, is also greenstone; and is the newest dike, unless it be a small vein 

of granite exhibited towards the right on the drawing, but not numbered, which crosses No. 4. 

\Ve have then, at this place, rocks of at least five, and perhaps more epochs. The wind blew 

so vioJeatly, however, when I visited this spot, that I do not feel satisfied '"'ith the sketch be· 

low. I presume] may have neglected several smaller veins. 

The rocky shore of Beverly, a mile or two east of the vmage, abounds with dikes and veins. 

The basis rock there is mostly sienite. But sometimes, if I mistake not, it is gneiss, passing in

to sienite: retaining enough of its origir.al slaty structure to be recognized. Jon a rock of this 

description J took the sk"!tch shown in Fig. 149. The dikes No. 8 consist of porphyritic green

slone; and one of them is cut off and thrown a good deal out of place. As the upper No. 3 is 

not affected by this movement, it may probably be of the same age as No. 2; which, however, 

is not porphyritic. No. 1 is a vein of granite: though most of the veins which 1 thus denom

inate are cocnposed chiefly of feldspar. This spot is several rods long, and the veins, according 

to my recollection, are from one to four feet ·wide. But unfortunately I htl.\'e mislaid my original 

eketch. 

Fig.149. 
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~car th~ same place ] noticed ~he peculiar example shown on Fig. 150. The ba~is rock i~ 
sicnite, through which passes a <like of grN·nstooe 2 feet wide, which has been broken off and 
one cxlren1ity crowded past the other. Between tl1e extremities passes a secc,uJ small crooked 
<like of grecnstone. Dul notwithstanding all this disturLance, the sicnite around the dikes ~hews 
no fissures which will explain the dislocation of the dikes. Indeed , thcextremitiC's of the di~lo
cated dike arc more firmly fastcnrd to the sicnite than I ha,·e ever scC'n before. The h\O rocks 
appear as if both ha.d been partially melted and run together. 

Fig. 1eo. 

Tr11pdikui·1 SittiU. Bn:tr!f, 

I know of no pos:;ible mode of explaining such a co.seas this, without supposing that after thu 
brge dike of greenstooe was injected into the sienite, the latter must ha\'e been complctdy 
melted down, so as to admit of the dikes being fractured and the extremities ::.lipped by each 
other; an<l then the melted malter must have filled all the interstices, and become t·hemically 
united to the greenstone. l\Iany other facts that I have witnessed among our rocks, have im· 
pressed my mind with the same conclusion. Jndecd, I bclie\'e we have yet much to Jearn re
specting the manner in which veins nnd dikes wore intrudt•d and filled . And Essex county 
10cems to me a most prnmising field for the investigation of facts. 

Ily far the most remarkable case of dikes and veins that l have found, occurs in the north pnrt 
of the city of Salt'm, on the left hand of the briJge that passes to Beverly, and only a few rods 
west of it. (Pl. 26.) The soil is here removed from the roe~ chiefly by the tide, two or three rods 
in width ; a11d such a plexus of dikes and veins I han- never before witnessed. So difficult is tho 
work of unravelling them, and so extraordinary is the number of sucsessive injections, that I 
have visited the spot again and again. Jf, thl·refore, I have misunderstood this spot, it is not for 
the want of effort to understand its true history. 

The oldest vein1 or dike, (2) is greenstone, a few inches wide. Nos. 3 and 4 are vrins or 
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reddish granite,-nearly all feldspar, which cut '1Cross the greenstone dike No. 2. These arc 
very numerous; much more so than is shown upon the drawing; and of very irregular width,
often branching out into strings a mere line in breadth. They belong to at lea~t two epochs of 
('ruptson: for some of them are cut off by the others; and probably still more eruptive epochs 
might be traced among them: but they are so complicated that I haYe not been able to do it. 
No. 5 is a dike of greenstone, which cuts off 3 and 4. No. 6, which is 40 inches '"ide, is par· 
phyritic greenstone, and cuts off No. 5. A small dike and nearly parallel, appears to be of the 
same age. No. 7 is porphyritic greenstone, cutting off No 6. No. 8, (of which there are two 
running nearly parallel,) intersects Nos. 5 and 7, and is granite or feldspar. No. 9 consists of 
two large dikes of greenstone, which cut off all the others that have been described, except No. 
8; a-nd perhaps this also: but the intersection is covered by soil. No. 10, of which there are 
•mall veins near the bottom of the sketch, and near the top, and is of the same kind of guinite 
as Nos. 3 and 4, intersects nearly all the preceding veins.and dikes. Finally, No. 11 consists of 
the same kind of granite veins, a mere line in. width, running diagonally across the sketchw The 
whole space represented is 36 by Z7 feet, and the lower part of it is covered by the ocean at 

high tide, and the upper part by soil. 
I have spent a good deal of time in examining this complicated and very interesting net work 

of veins and dikes; and I cannot see why we have not evidence here of the extraordinary fact, 
-unique so far as 1 know,-of eleven successive eruptions of granite and trap rock. Or if we 

regard the basis rock as metamorphic-that is, formed by the fusion of gneiss,-and it may be 
ao,-still, we have ten subsequent injections ! 

It is possible that the feldspar veins in this rock ma.y be the nsult of segregation. Espe
eia.Jly may this ht" true of Nos. 10 and 11 1 which are very nai:row. But if we admit this, it 
leads to the extraordinary conclusion, that even after the nine preceding dikes and veins had 
been injected, the rock, including also the dikes which those veiF>S cross, must have been in a 
state so fluid, as to allow the materials, to form granite necessary to separate from the mass. This 
seems to me more improbable than the only other supposition ; which is, that all were injected 
veins. 

I have already remarked that the sienite in the vicinity of Connecticut river approaches nearer 
to granite by taking mica into its compositi.on, than that in the eastern part of the State. It 
abounds, however, in veins; wl1ich are always of granite, cpidote, or quartz. In the granite, 
Celd:Jpar predominates, and mica is rare : so that the vein often becomes mere feldspar, 
generally of a flesh color. These veins, also, are usually so firmly united to the sienite as to 
9eem like Vt:!ins of segregation. The latter kind of veins do indeed aboun<l in the sienite of Bel
chertown and Whately, as already mentioned; and it is not always easy to draw the line between 
them and injected veins. A granite vein is sometimes impregnated with epidote; but often the 
·whole vein is epidote, generally compact, sometimes imperfectly crystalised. Jn such case they 
are very thin, rarely ns thick ns half an inch. Yet the slides that have often taken place in tho 
fracture<l sienite, most frequently occur in connection with this sort of veins. 

Fig. 151. 

.• , 
II a 

P'ri1u i" SitniU , lf'!Wdy. 
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ny far the most instructive exhibition of the veins that have just been described, occur3 in 

Whately, a mile or two a little west of south from the congregational meeting house. I subjoin 

a few sketches of those that struck me as particularly interesting. 

The above sketch, Fig. 151, represents an area about "'.10 feet long, and 6 feet wide. aa, is a 

fine grained granite vein, an inch wide at the upper end, and decreasing downward : b, another 

granite vein of fine grain, one fo:it wide: c, a similar one of equal width: d is a fissure, or 

rather an epidote vein. 
aa, is obviously the oldest vein; for it is cut off by b, and this again by c. Hence we have 

here granite and sienite of four epochs : 1st, the rock of sienite itself: 2d, the Yein a: 3d, the 

ve in fJ, protruded subsequently: and 4th, the vein c, injected last of all. At what epoch the 
vein d cut off aa, we have no means of ascertaining; only that it was previous to tbe formation 

of the vein c, since this is not affected by thP lateral slide apparent in aa. 
The rock in the following sketch, Fig. 152, is about 15 feet long. d, d, d, is a vein of feldspar, 

two inches wide at its western extremity: but it ramifif's at the other end and disappears . a, b, 
c, are veins of epidote, on each side of which the sienite has become indurated so as to present 

ridges on the surface of the rock an inch or two in width; the epidote being a mere line in thick
ness. These veins have cut off the feldspar vein and produced an echellon movement of the 

central part. e, is a nodule of some other rock enclosed in the sienite and cut otf by the feld-

spiLr vei11. 
Fig. 152. 

<!?~ 

Yd1t1 ill Sien it~ , Whately. 

The following sketch, Fig. 153, exhibits a curious succession of echellon movements in the 

granite veins, a, a, &c. b, b, S:.c. produced by the epidote veins, d, d, &c. The sides of the 

rock represented are about 4, 6 and 10 feet. c, is a fragment of some stntified rock imbedded 

in the sienite and cut thraugh by the vein b. The widrb of the granite veins varies from ooo 

to 2 1-2 inches. 
Fig. 153. 

P~iu in Sieniu : WJta.ttly. 

It is easy to conceive how the detacheJ portions of these two granite veins might be brought 

into alignment, (to continue the allusion above made to military manceuvres,) but how they could 

have been thrown into their present position, except when the rock was iu a fluid state, I am 



676 Scientific Geology. 

unable to conceive. And yet there must have been consistence enough in the veins to preYcnt 
their being diffused through the sienite. Does not this example lend some plausibility to the 

suggestion that the protrusion of veins took place while yet the rock was in a. parli;.11ly fluid 

state? Or timst we, in order to explain such a case as the present, suppose a second fusion of 

the rock? 

Position of Sienite in rnspecl ta other racks. 

l am not aware that any of the sicnite of l\Jassachusetts can be properly called an overlying 

rock; that is, I have found no example whne it li~s above other rocks. On one side it usually 

lies next to granite, and on the other to greenstone and porphyry: or when these rocks are want

ing, some of the stratified rocks, such as hornblende slate, graywacke, or new red sandstone, re· 

pose upon it. At least this is lhe impression I have receive.d from all the exarpinations which I 

have made of our sienite. The low level ?..t which it is placed, has caused it to be very much 

covered with diluvium, so as to hide its junction with other rocks. Yet in all cases where this 

rock occurs, we find it between the oldest granite and greenstone, or tl1e earlier stratified rocks. 

Hence I infer that a portion of the materials of which granite is composed, under certain cir· 

cnmstances were converted into sienite, and that these circumstances existed generally in that 

portion of the melted granite nearest the newer stratified rocks. Or if we suppose it erupted at 

a different epoch from the granite, certain causes always forced it upwards between the granite 

and the newer rocks. Or if we suppose it to have resulted from the melting down of the strati

fied rocks, then perhaps their more or less pnfect fusion produced the difference which we find 

between granite and i;;ienite. But more of this lasl suggestion in the sequel. 

Mineral Uantents. 

The limits between sienite antl granite, as well as between sienite and greenstone, are so 

vague and unsettled, that it is not always easy to asC'ertain to which of these rocks, minerals de

scribed by different writers belong; since in such a case geologists will be apt to give different 

names to the same rock. Genuine sienite, I mean that which is best characterised, is in Mas

sachusetts rather barren of simple minerals: not quite so much so, however, as porphyry. By 

far the most common mineral is epidole; whose characters and mode of occurrence I ho.ve point

ed out. The sienite use<l for architectural purposes from the vicinity of Boston, contains less 

of this mineral than any other variety in the State. 

There is an interesting variety in.the feldspar of this rock. ln Beverly a few years since, a 

considerable quantity of green feldspar was obtained from a rock near the center of the placE' .. 

And according to Prof. Shepard that rock contained small crystals of columbile and the o.xyde 
of tin. (Am. Journal of Science, Vol. 34, p. 402.) The bronze c,)lored feldspar of Cape Ann 

has been already described, and that which is of a lilac color in Hingham. Jn Charlestown a 

i.·ariety occurs in which the prisms es.hi bit stripes of various colors, and some have proposed for 
it the name taenite (No. 2455,) on account of ils resemblance to a ribbon. On Holyoke and 

Tom I have described a variPty of trap in which this mineral presents a similar appearance. 

According lo Professor Webste1·, hypersthene occurs in the sienite of Hingham along with horn
blende. Amethyst is saiJ to exist in the same rock in that place. 

In the sienite of Beverly, fluate of lime and zircon have been found; and the former miner

ul in rolled masses of this rock in Seekonk. Jn that of Charlestown, Prof. Nuttall discovered 

arragonite. Prebnite, of superior excellence, is found there in the sienite (Nos. 2458 to2460.) 

end Prof. \Vcbster, has recently informed me, that he has discovered in the same rock 
superior specimens of chabasie anll laumonite. 
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' I have the satisfaction to state,' says Dr. C. T. Jackson,' that I have found a vein in the 
1ienite of Cambridge, cons:sting of calcareous spar, serpentine, prehnite, 1aumonite, and chaba
sie. The three last occur in \•ery handsome specimens crystalised. The calcart>Ous spar occurs 
crystalised generally in the form of dc..g-tooth spar. It is of a honey yellow color and is very 
brilliant.' 

The veins of quartz abounding in delicate crystals in the sienite of Northampton and Whate
ly, have been mentioned. Associated wilh these, J have sometimes found a mineral crystalised 
in four-sided prisms, which I have been disposed to rdt'r to rutile. The best place for obtaining 
these minerals, particularly lhe quartz, is in Whately, about two and a half miles south of the 
meeting house. Some of the drusy surfaces of this quartz present a curious pseu<lomorphous 
appearance. (No- 1369.) It is precisely such an appearance as would result from making ran
dom cuts in the quartz, while in the state of a paste, with a tliin bladed knife. Obviously it 
has proceeded from the infiltration of the quartz around some mineral in thin platt!s, originally 
occupying the cavities, and subsequently decomposing. 

Following the eastern margin of this sienite about a mile south into Hatfield, from the locality 
Just mentioned, we find a vein of sulphate of baryta, from one to four feet wide, running by the 
magnetic needle \\T. 22 1-2° N., and dipping about 90°. This baryta is the gangue of sulphu
ret of lead, blende, an<l pyritous copper. It. has been excavated se\·eral feet, and the quantity 
of baryta thrown out was immense. 

I have reccivt:d from Sandy Bay, in Gloucester, Cape Ann, well characterised specimens of 
sulphuret of molybdenum. lt is in plates in a vein of quartz running through sienite. 

Jn the Dedham sienite a small vein of specular oxide of iron has been found. (No. 2-156.) 
The nature of the rather remarkable ore disseminated in the sienite of Sharon. (No. 240~i,) l 
have not found time to ascertain. 

Theoretical Considerations. 

Sienite is very rarely found rn Massachusetts in continuous veins in other 
rocks like granite and greenstonc. Sometimes, however, as I have former
ly stated, it penetrates sienite of a different variety, or greenstone, in so 
many directions and in such large <juantity, that the rock so penetrated is di
vided into numerous fragments forming a kind of breccia, and appearing just 
as if the basis of the reek had been once melted, and had cooled with frag
ments of the other rock imbedded in it. 

I have frequently observed the conglomerated variety of sienite in the 
eastern part of the State. But there the nodules are so much changed in 
their characters that they seem to be only a variety of sienite. It is in the 
valley of the Connecticut that the most interesting and striking facts on this 
subject are developed; and in that valley Whately is the place that most 
particularly claims attention. The following imperfect sketch will give an 
idea of the situation of the conglomerated sit:nite there. It is the northern 
point of a range extending through Hatfield and Northampton southerly: 
and it here abuts against a limited deposit of hornblende slate, whose strata 
run nearly N. E. and S. \V. as a, a, Fig. 154, and stand nearly perpendicu
lar to the horizon. 

86 

-
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Flg. 154. 

This slate is succeeded on the wesl by mica slate, b, b, b, which ir.detd, sometimes aiternatrs 
'vith the hornbfende slate. On the eastern side d, d, the sienite and the sb.te are covered by 
the diluvium and new red sandstone of the valley of the Connecticut. The sienite and horn
blende slate are elevated not more than 100 or 200 feet above the general level of that ''alley : 
but directly west of these J"odi:s the mica sfate rises more raptd.ly into ridges of much greatt"r 
elevation ; forming the eastern margin of the broad range of Hoosac mounlai·n. 

Now I have been led by an examination of the spot just described, (whose length is 3 or 4 
miles and breadth less than one,) to conclude \hat the sienite was forme<l by the melttug down of 
the hornblende slate. I jnfer this chiefly from the fact t)lat the former rock, as has been describ
ed, contains nodules of this state, appearing as if rounded, not by mechanical attrition, but by heat. 
Why it should happen that the fusion of this slate should give rise to the production of feldspar, 
we may not be abl~ fully to unclerstand . AnU yet, if we the hornble11<le slate to be 
composed of hornblende, mica and quartz, as it sometimes is Whately, or that it alternates 
with mica slate, as it does there, we shall have in the materials melted down, all the essential in
gredients of feldspar, viz silex, alumina, aad potassa. A certain degree of beat may be all that 
is necessary to enable thel'e elements to enter into the new combination that is necessary to th~ 
production of feldspr. At any rate, I think I am not mistaken in the fact, that as the imbeclded 
nodules in the slate opproach more nearly to sienite in their characters, and recede from those of 
slate, the greater the quantity of feldspar. What can this circumstance result from, but from the 
greater degree of heat to which such nodules have been S\lbject? Their lcsing in so great a de~ 
gree the sl~ty character proves that they bave been more nearly me1ted. 

Another circumstance lends in my opinion a plausibility to tl;ie preceding suggestions. To
w::i.rJs the northern extremity of the hornblende slate above described, and at least a mile distant 
from the sienite, ·we find the slate composed of compJ.ct feldspar and hornblende; an<l its schist
<>se structure almost obliterated. There is also a tendency in the rock to divide into columnar 
nnd rhomboidal forms. Now iQ these facts ''rn see, it seems to me, the effects of a heat sufficient 
to produce a parlial fusion or the rock, bllt not an entire obliteration of the slaty structure: 
5ufficient for the production of feldspa-t, but not for its crystalization. AlJ this indic<\tcs a source 
of heat of great power at a small depth where probably genuine sicnitc exists. 

There is another fact which I have noticed in one portion of this sienite, that lenrls still farther 
6upport to these views. Two miles south of the spot where the sienite and slate meet, I ob
sen·ed the trncE"s of an obsolete stratification in the former rock, running in the same direction as 
the bnsset etlges of the slate, indicatt'd on the preceding sketch by dotted lines. There is 00 
actual division of the $ienitc into parallel portions but only the marks of a former divisiou by a 
iiort <>f se~re.gated ridges. The existence of the nodules of slate in the sienite proves that tho 
f\,lsion of the rock wa~ ne,·er complete ; qncl in these faint traces of original slrati6catiou do we 
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not see evidence of the same fact; and in the coincidence of direction between the strata of 

hornblende slate anU these marks, have we not pre.mmptive evidence of the origin that I have 
imputed to the sienite? 

These various facts and inferences have led my own mind to make another inquiry. Do wa 

not see here the reason why one part of a deposit is sienite, and another part granite; that is, 
destitute of hornblende? V\rhen the fusion of a rock is complete and the heat carried to a. 

certain degree, may not the production of hornblende become impossible, because those affinities 

and pnlarites operate that produce other minerals, especially feldspar and mica? The sienite in 

the valley of the Connecticut at least, occupies a position generally between the granite and the 

newer stratified rocks. And if we suppose the heat to have been greater at the time of the pro

duction of these rocks, in proportion to the depth beneath the surface, it is obvious that it must 

have been greater where the granite was produced, than where the sienite is now found. For 

even 'if we do not suppose the sienite to have resulted from the fusion of stratified rocks, yet the 

proximity cf its materials to these rocks must have greatly reduced the temperature of these ma

terials: and if the stratified rocks were melted to form it, stiH more certain would such be the 
result. 

This suggestion, as to the ground of difference between sienite and granite, derives some support 

from the great scarcity of crystalized minerals in the former, compared with those in the latter. l 
can imagine no cause for this difference so probable, as a more or less perfect fusion of the materials. 
The history of porphyry leads the mind to the same conclusion. 

l8. GRANITE. 

Having included under sienite all those unstratified granitic componnds 
which contain hornblende as a constituent, the definition of granite becomes 
easy. It is, indeed, the common definition, which makes it to consist of 
quartz, feldspar and mica. Dr. l\'lacculloch adds hornblende: but it seems 
to me that this destroys the usual distinction between granite and sienite. 
Granite may, indeed, contain disseminated crystals of hornblende, as of g<iJr

net, pinite, or any other mineral: but if the quantity of this hornblende is so 
great that it must be regarded as a regular constituent of the rock, I do not 
know why it should not take the name of sienite, unless we should merge all 
sienite in grnnite: and to this I have no strong objections. I can conceive, 
indeed, how the geological relation of granite with hornblende, may be such 
to granite without hornblende, that it would he preposterous ·to attempt to 
separate them: but I know of no such case in Massachusetts. Here sienite 
occupies, as we have seen, a constant geological position in respect to the 
granite about to be described. 

Lithological Chamcter-s. 

1. Common Grcwite. This va1iely embraces nine tenths of the granite in MassacllUsetts. All 

those compounds of q1.:artz1 feldspar, and mica are included in it, which dilfer only in the s~ze of the 

ingredients, in the greater or less perfection of their crystaline structure, and in their color. Jn 

tbesen•spectstheydodiffer almost infinitely,as may be seen by lhe numerous specimens from 

various parts of the State in the Collecti.>ll. (Nos. 1372to1461, an<l 2461to2479.) Generally 

the quartz is g·rny, sometimes smoky,somelhnes blue, and sometimes .yellow. The feldspar is or-
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clinarily yellowish white; sometimes green, as in Scuthbridge; sometimes blue, as in LeV"erelt; 

sometimes tinged with purple, as in Palmer; and more often flesh colored, as in the coarse granite 

found in Blanford, Westfield, Amherst, &c.,aod in the finer grained gr.mite in the southeast part 

of the State. The mica is more commonly of a silver color; sometimes or a straw or gold yellow, 

or greenish; sometimes of a brown color; sometimes black ; sometimes rose red ; and sometimes 

it is prismatic, as in Russell and Norwich. 
In magnitude the ingredients vary from that of masses one and even two feet in diameter, to 

those so small that they can be distinguished but with difficulty by the naked eye. Those granites 

that possess a floe grain are the only varieties that are employed for architectural purposes. The 

coarsest varieties are generally found in veins. 
2. Pseudomorphous Granite. This is a variety that exhibits a structure so peculiar that I have 

thought it deserves a distinct notice. Suppose the quartz and feldspar requisi~e to form a coarse 

granite to be united into a solid mass. Suppose the mass to be now penetrated in various directions, 

by the blade of a thin koife, and the cavities thus protluced to be filled by plates of mica not more 

than one fiftieth of an inch ihick. Although these plates would form solid angles, they would not 

intersect one another; and so it is in the rock. The smallest fragment of the quartz and feldspar 

are often separated by the mica; but I have never seen one plate of that mineral intersect another. 

The solid angles which these plates form in the quartz nnd feldspar, however1 appEar like the pro· 

jecting angles of crystals, and hence I ha\'C applicJ to this granite the term pseudomorphous. 

The mica is usually of a deep bronze color, and oflen the plates are four or five inches across. 

(No. 1462-) 

3. Porphyritic Granite. (Nos. 146:.J to 1470.) In this variety, besides the ingredients com-

11091ng the mass of the rock, and which are quartz, folJspar, and mica, distinct imbedded crys

tals of feldspar are superadded. In Europe the basis of this rock is said to be fine grained: but 
in Massachusetts it is more commonly rather coarse grained. 

Perhaps the most remarkable porphyritic granite in the State occurs in place in the west part 

of Harvard. (No.1465.) It is a gray rathercorirsegranite with while foldspar,and theimbeddcd 

crystals are often two inches across; and being white, they give to the rock a striking appearance; 
and it has actually been mistaken by some writers for a conglomerate! 

In Chester a large protruding mass of granite in the \Vest part of the town is porphyritic. The 

imbedded crystals are much less than those just described, and of~ gray color. The rock resembles 

porphyritic gneiss; but lacks both the laminar and stratified structure. (No. 1463.) 

Probably a part of the rock which I have described as porphyritic sienite in the south east part of 

the State, as in Abington, North Bridgwater, &c. may more properly be regarded as granite. 

Indeed, as this roek is usuaUy destitute of hornblen<le, perhaps the whole should be regarded as. 
granite. 

A very peculiar porphyritic granite occurs in the orgillaceous slate of GuilforJ
1 
VL. just without 

the limits of Massachusetts ] should have described this rock as a trachytic porphyry, were it 

not obviously a granite that has been partly fused. \Ye can easily trace the gmdations from the 

perf~ctgranite to a rock composed of compact foltlspar and imbedded masses of quartz. (Nos. 

1407 to1470.) At first weperceive nothing peculi:a,excepl that the gr:..nite exhibits occasional 

spots of feldspar of r:early a milk white color, an<l a lillle inJistinctness in the foliated structure 

of the feldspar. At length the fel<lspar becomes nearly all compact, and the mica, reduced in 

quantity, is dissemina.ted in the mass as .w~ll as. the quartz. F~nally, the feldspar is perfectly 

compact an~ only grains of ~uartz appear 10 1L Tile rock now begrns lo assume a slaty structure, 

and seems rn fact to be argdlaceous slate that hls nn<l<>rgone a kind of fusion The unchan ed 

granite in this case is fine grainecl, and wou\J form a beautiful stnne for a.rchiter·turat pui poses.g 

1t may be seen by the specimen, No. 145 .:\ that the granite from the f!Ulrries in Pelham 

New Hampshire, exhibits a porphyroicl a<>pect1 similar to that just de:;cribcd. But 1 have DO; 
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visited the locality and cannot say whether all the circumstances above described ex:st in that 
place. 

4. Grap/tic Granite. (Nos. 1471 to 1480.) In this variety, which consists of quartz and 
feldspar only, the ingredients are usually in l~ngthened prisms, so that the cross fracture presents 
the appearance of written characters. It is the Pegmatite of the French geologists. Dr. Mac
culloch thinks it occurs exclusively in veins. But that is not the case in this country, unless 
every protruding mass of granite be regarded as a vein. In the coarser varieties of our granite, 
a portion of the mass-generally a small proportion-is graphic: and there is no well mar!ced 
line of distinction between the varieties. This is particularly the case in respect to the pscu· 
domorphous granite, so common in Conway, Goshen, Williamsburgh, ar.d \Vesthampton. 1D 
Goshen a few years since, I found a specimen which afforded so perlect an example of the graph· 
ic arrangement in this rock, that I thought it deserved to have its surface co pied. (Fig. 155.) 

Fig. 155. 

Far, Simile of G.nlt.en. Graphic Gra11ite. 

Topography of Gra11itc. 

Upon the present eJition of the geological l\fap, it wHI be seen that I have represented con
siderably less granite than formerly. This is done chiefly because [ am satisfied th'.lt much of 
our granite occurs only in the form of veins and protruding masses, among the stratified rocks t 
and in such a case, I think it better to represent tht! surface as occupied by the stratified rocks, 
when these do in fact predominate, and then describe them as abounding in granite 

To begin at the east part of the State: I formerly represented a belt of granite encircling Bos· 
ton between the sieoite and the gneiss. But I now regard that gran;te as subordinate to the 
gneiss. Jt exists in numerous veins and protruding masses, around which the gneiss, often con
verted into mica or hornblende slate, mantles. These masses are often of great size, and the 
tcxtme is usually Yery coarse; as near Uie center of Andover, Billerica, Stow~ &c. l do not 
doubt but a similar granite may be connected in some places with the sienite east of the gneiss: 
Dut generally I have found the coarsest varieties in the gneiss. 1 think the granite of the north
ern part of the gneiss range is decidedly the coarsest. 

I have marked a deposit of granite, commencing at Little Compton in Rhocle Island, thence 
extending norlheasterly through Fall Ri,·er, Io'l'eatown, a part of Middleborough, Can·er, Kings .. 
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ton, and Duxbury, until it passes into the siE'nite of Marshfield, Scituate, nnd Cohasset. At the 

two e.xtremi.ies, it mGst often shows itself at the surface. But from Freetown to King<;ton, il 

is almost entirely concealed by diluvial sand. ]ts true limits, therefore, may be very imperfectly 

represented. But for this I see no remedy; unless I color the whole as dilm·ium. Almost ev

ery variety of graoite occur3 in this formation, from the coarsest to the finest. The latter, how· 

C\•er, predominates; and at Fall Rirer it affords some of the most beautiful stone for construction 

io the State. 
On my former l\Iap I l.Olorecl a deposit of granite, connected on the north with that just described, 

and extending to Brewster on Cape Cod. I did this, because a ridge of considerable cle\·atlon 

extends down the Cape to Brewster, and many bowlders of granite are found of great size upon 

the hills. But re-examination renders it probable that the largest and most abundant of these 

bowlders are granitic gneiss, approaching so near to real granite, as easily to be mistaken for it: 

A somewhat similar rock occurs in place in Rochester and New Bedford; and my present im

pression is, that protably a ridge of this gneiss, and not granite, farms the axis of the Cape. 

Dul as the entire surface is diluvium, 1 thought it better to color it as such; thus representing 

what I know exists there, instead of something about which I am not certain. 

The range of mica and clay sla~cs pa.ssing through the valley of Worcester, and extending to 

the mouth of the Merrimack, abounds to the north of Worcester with protruding masses of a fine 

and beautiful granite, known in architecture as the Chelmsford granite. I have marked a strip 

ex.tending from Harvard towards Westford, because I found it very abundant along that route; 

end near the slate quarries in Harnrrl it is particularly conspicuous. Ilut ahhoui;h it is often 

•ecn in other places, to the north and northwest of Harvard, l have not attempted to rr.al'k it; 

because on so small a map nothing like a fair and full representation could be given. The de· 

posit in the town of Worcester will be more particularly noticEd on a subsequent page. 

As we pass a little beyond this mica slate deposit westerly into Fitchburgh and Westminster, 

we meet with some quite Jarge masses of granit~. But I have markt>d none, except Rollstonc 

llill in Fitchburg, which is one of the finest examplPs of granite in the State, and in an econom· 

ical point of view, would be invaluable were it nearer the sea board. This spot, however, I 

ihall notice farther on. 

The extensh·e deposit of gneiss between valleys of \Vorcesler and the Connecticut, contain!!, 

with the exceptions just stated, but few examples of genuine granite ; althou6h much of the 

1ock can hardly be distinguished, except by a practised eye, from granite. The granite is most 

common in the northern part of the range ; and there the rock frequently passes into mica slate. 

As we approach Orange and Warwick, mica slate begius to predominate, and here we find pro· 

trusions ofcoarse granite; as in Erving, where one is marked. A~ we p1ss southerly along the 

western border of this gneiss range, we meet, in Leverett and Amherst, with a coarse granite in 

considerable quantity. Ilcre too we find mica and hornblende slates. 

As we go west of Connecticut river, we fin<l similar rocks associated with granite. The largo 

deposit marked on the Ma1> as extending from Conway into Connecticut, is almost entirely con-

11cctcd with mica slate. This rock, indeed, often occupies the greater part of the surface; anJ 

lhe granite appears iu veins and intruded masses. As we go westerly, the mica slate so decicled

Jy predominates, that it is marked upon the l\Iap. Still, the granite, which over this whole re

gion, with a few exceptions, is very coar.se, occasionally appears. Even as for west as the west 

part of Chejter, a mass of porphyritic granite occurs, some miles in leneth, which might proper

ly have been noticed upon the Map. Dul when we get for enough west to enter fairly upon 

the gneiss region, granite is far less common; and soon entirely disappears. Indeed, from all 

the facts that have come to my knowledge on tliis subjPct in Massachusetts, I cannot Lut suspect 

that mica slate instead of gneiss is almost uniformly associated with granile, because of some 
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metamorphic agency exerted by the latter rock. But as l have seen no suggestion of this sort 
from olfer regions, 1 merely throw out the idea. 

Jn the whole of Berkshire county I h:i.ve met with but a single deposit of granite, and that 
scarcely enters the state. It occurs in the west part of Clarksburg, and the associated rocks are 
quartz rock and an imperfectly foliated gneiss; or rather, the granil ·seems to pass into gneiss 
someti1nes, though] have not marked the gnei~s upon the Map. ] presume that these roe .s may 

be found more extended in Vermont; whither l have not found time to trace them. The great 
amount of the bowlders of this granite, that are strewed for 20 (lt 30 miles in a southeasterly di· 
rection, leads me to conclude the deposit to be more extensive than I found it in l\lassachusetts; 
though I doubt whether it is more than 10 or 15 miles Jong. The greatest peculiarity in this 
granite is its tendency to disintegration. The cause of this tendency does not exist in the feld
spar, but in the other ingredients: nor can 1 conjecture which of them decomposes so easily. 

With the exception of the deposit in Clarksburg, and some masses in Conway, Goshen, Ches
terfield, Norwich, and Chester, lhe granite of Massachusetts appears only at a small elevation. 
And I have sometimes inquired, whether, if the whole surface were denuded as deep as that part 
orcupied by granite, we should not find this rock spreading onr a great part of the State. 

Pseudo-Stratification ef Granite. 

I ban met with but two distinct examples of this peculiar structure in the St1te: but thPy are 
cases of peculin.r interest. One occurs in the patch of granite marked in \tVorcester. Jt occu· 
pies the hill, 200 or 300 feet high, a little ni :rtheast of the village. The rock is composrd a.l· 
most entirely of gray quartz and white foliated feld~par, with very little mica, and hordly differ! 
from the sienite or Cape Ann and Quin<'y i although entirdy destitute of hornblende. It is 
quarried in various places on the sides and top of this hill, and in several of the excavations it 
exhibits a very distinct stratification. It is also crossed by numerous fissurt-s, nearly pcrpendicu· 
hr to the horizon, not having any ur.iform direction ; and generally the apparent strata do not 
correspond on opposite sides of the fissures. This seems to result ftom their el~valion or depres
tifon on the opposite sides. I satisfied myself, however, that the pseudo-strata conform on all 

sides nearly to the slope of the hill, being hodzontal at the apex, and extending over the side{J 
like the coats or ::m onion. If this be a fact, it shows conclusi\·ely that this bill of granite is an 

enormous concretion. The concentric layers, however, do not extend to every part of the hilt: 
and this fi_ct proves that there is no real stratification in the rock. 

The other case is Rollstone Hill, in Fitchburg, a little south of the village. This hill is in the 
form of an ellipsoid; its longest diameter running north and south, and its height abo\•e the vil· 
lage being about 30::1 feet. Near the top, on the west side, the stratiform arrangement of the rock 

is very obvious ; the divisioual planes being nearly parallel: and yet an examination of tl:c whole 
hill will show that the appare1>t strata m~ntlc over a t d around it, and in some parts are wanting. 
I cannot doubt, therefore, but it is a magnificent example of the conca·eted structure. Both 

this hill and that in Worcester, appear as if tht-y might have been protruded by internal hc(lt, 
Jike nn enormous \'Csicle; "bile the calorific influence, aidld perhaps by ga .v .. u. sm 1 caused a 
division of the mass into coi.centric layers. 

Phenomena of Veins and Irregular Protruding Ma&ses ef Granite. 

The only modes in which I have met with gr;"tnite in Massachusetts are those of rnins and 
protruding masses. Jr. some instances regular masses with paralle ' plant's are set-"n between the 

strata of other rocks; and on a superficial view, seem interslratificd. Uut careful uamination 
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hois always shown me, that such masses either crops the strata ia a slight degree, or contract and 

expand l~ke veins : and seem indeed to be veins coinciding nearly with the strata of the con· 

tained rock in direction. I can hardly say that I have met with granite as an overlying rock, 

though a few cases exhibit this rock in a near approach to such a condition. 

The veins of granite in Massachusetts penetrate only the older rocks; the clay slate being the 

latest in which they are found. All the older stratified rocks abound in them ; though in quartz 

rock I have rarely met with any. Jn gneiss they are common, especially in the gneiss range 

east of the Worcester County mica slate: ulso in the vicinity of New Bedford: ant.1 in the south· 

ern parl of lhe gneiss range in Hampden and Ilel'kshire Counties. Mica slate is penetrated by 
them and broken up by protruding masses of granite, at almost every slep, in the granite range 

on the west of Nprthampton, particularly in tbe towns of Westfield, Blanford, Russell, Chester, 

Norwich, Williamsburgh, Westhampton, Goshen, Chesterfield, Whately, and Conway. Jn tal

cose slate they are very rare: in hornblende slate not common : in micaceous limestone some

times met wilh: in serpentine 1 have never foun1.. one. 1n granite and sienite they are very 

nbundant: and almost always the iut,redicnts are much coarser than the granite or sienite that 

coritains them. 
h ought to be prem:sed, that in a large majority of cases, the intrusion of granite veins seems 

to have produced very little disturbance in the rocks containing them. They would seem to 

have been open fissures filled by the injection of granilic matter, wHhout materially affecting the 

veins, except to unite with them chemically. And the same is true to some extent in regard to 

irregular masses of granite: that is, ,..,.c do not always see any alteration in granite. Yet in such 

case we usually find not for distant, an irregularity in the position of the stratified rock. 
In giving the details which follow, it will not be easy to state beforehand any definite order 

that will be adopted. The most that I slull attempt will be to bring into juxtaposition those 
cases th t are analogous. 

The sketch, Fig. 156, represents the manner in which the edges of the mica slate Jie in con~ 

tact with a protruding mn'ss of granite in the_ south part of Conway.• At a, the slate runs north 

and south an<l dips east: nt b, it dips south: at c, west: and at d, southeast. The sketch em
braces au extent of only a few square rods. 

Fig. 157, exhibits a similar case near the village of Blanford, cJose by the road to Granville 

The mica slate here runs nearly north and south, and dips 80° west: except at the en<l of the 
mass of granite, where the dip is nearly north, about 70Q or 80°. 

Fig. 156. Fig. 157. 

Junctio11.fl/Gr1mitto.nd.Mic11Sfo1c: Comcay. 
JuJU:tian of Granilt and Nica Slate, B/0.11/ .. rd. 



Protrusions of Granite. 

The case on Fig. 158, I noticed in the west part of Leominster; where the numerous veins 
and masses of granite in the mica slate, and the great confusion obvious in the latter, made me 
desirous to spend more time in examining the surrounding region than I was able to do. 

Fig. 158. 

West. Ea!Jt. 

At b, a mass of coarse granite occupies the top of a hill of considerable altitude. As we ap
proach the road, descending from the hill, the granite is mostly concealed by the diluvium. At 
a, however, mica slate appears running nearly east and west. A few rods to the west at d, it 
runs nearly north and south; which is the usual direction of the slate in that region. What 
but the disturbing force of the granitt: could have turned the mass a, nearly 90 degrees? 

Fig. 159, exhibits a prntruding mass of coarse granite 20 or 30 rods long, in mica slate. The 
slate does not seem to be disturbed. It has an easterly dip of about 80°. The .sketch was ta
ken in the northwest part of Norwich. 

Fig. 159. 

Protr11di11g .Ma.<;s 6/ Granite itl .lfica Slate., .Norwich. 

The sketch on l"ig. 160 1 was taken near the road from Norwich to Chestt:r Village, a litHc 
after we begin to <lescend the high hill on which Norwich stands. Over many acres in that 
place the mica slate and granite are mixed in the greatest confusion: but 1 could sketch only 
limited patches, and of course it is scarcely possilile to give a correct vlew of all the disturbance 
that ha.s taken place. The sketch embraces a space about 8 rods long and 3 rods wide. e, 9, h, 
are protruding masses or veins of granite. a, b, c, rl, show the basset edges of mica slate. At 
a, its strata run nearly north and south, and dip rather less than 45° to the west: which is the 
usual dip and direction in tbe vjcinity. At b, and c, the strata are turned so as to run nearly 
northeast and southwest; but the dip is increased only a few degrees. At d, they are still more 
wheeled, and the dip is as high as 60° or 70°. 

87 
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Fig. 160. 

The next c;ise, Fig. 161, is at the same place, and embraces a space about 16 rods long. 

a, a, b, n, n, m, m, are veins of granite from one to two feet wide, anti c, a mass 10 feet wide. 

A large mass also lies on the side d, d. At h, the mic:a slate is deflected ouly a few degrees 

from the usual strike of its strata, which is nearly north and south. The dip there is 45° north

west. But in every other part of the sketch, il will be seen that the mica slate is turned almost 

at right angles to its usual course, and towards the lower part of the sketch it exhibits most re 

markable curvatures. The dip also, is in general greatly incre:i.sed; so that in the vicinity of e, 

it is 80° north. 
Fig IGI. 

I feel the in1dequacy or such sketches to convey a just idea of the V<'ry great confusion which 

this spc.t exhibits. But if any one can examine such a place and still mainlain that granite was 

not forced up through the slate while in a fuse<l state, I can only s:iy that his mind must be con

stituted very differently from mine. 

The section, Fig. 162, was taken at the s:ime place as the two preceding sketches. It shows 

an irregular vein or mass of granite protruding through layers of mica slate. The granite mass 

is only two or three feet wide, and the mica slate four ft:et. Jt is obvious that the upper portion 

of the slate has been forcc<l upwarJs by the granite, so <:as to stand pearly perpendicular : the 

general dip beinc; about 45° west. 

In the northwest part of I\orwich I sketched Fig. 163. Two beds or veins of granite a.re hne 

s.h'Jwn : the centrnl one, or that be.tween !he strips of mica slate, ftom 6 to IO feet wide, and the 

outer one, which is but partly exhihitt:d, 4 or 5 rods "iJc. One object I h:l\'e in view, is to show 
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Fig. 162. 

the curvature of the mica slate, where the central mass of granite expands. But the priacipal 
object is to show two sections across these rocks, four rods apart. 

Fig. 163. 

The change in the dip from 80° west, to SOQ east, on the section from A to B> is striking; and 

is explicable alone on the supposition of a disturbing force exerted by these huge masses of 

granite. 
The section on Fig. 164, cro5:sPs froni. west to east, a ridge of mica slate and granite, 

about four rods wiJc. The stratum a, at its lowerpart,dipse:istedy about25°or30°; which is 

the usual dip of the slate in thl:l vicinity; but the upper part of tl1isstratum is thrown up nearly per

pendicular; re.~ting against the granite This granite., b, is 3 or 4 rods across; when we find 

another stratum of the slate, c, having an easterly dip of nearly 50~. Below this another mass 

of granite, d, appears; but it is soon hitl by tbe soil. Locality near the line between Conway 

an<l Williamsburg. 

Fig. JG5, is in !he to"m of Russell, on the road from Westfield to Blanford. It represents a 

perpendicular ledge about 20 feet square, where mica slate and granite come in contact. The 

layers of the slate are perpendicular, and this rock is chemically united to the granite. ]tis easy 

to conceive how the two rocks should be thus wf'dged into t:"ach other, if we admit that the 

granite was erupted while in a melte~ state: but I am unable to imagine any combination or pe

culiarity of circumstances, by which such a case can be explalncd on the theory of the aqueous 

origin of granite. 
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Fig. 165. 

Fig. 16-1. 

GrQ1tiltlilttd.Miea.Sla.U1 Co1nea.~. 

JK1tetio1t i.f Granite a1td Alica SlaJ.e 1 Rru.rtll. 

The sketch on Fig. 166, was taken, (not however with so much care as if I bad intended it for 
this Report,) two miles north of Chester Village, in Chester. The granite mass is several rods 
wide, and the dip of the mica slate on each side of it, about 50 degrees v1:est. 

In the 8th Vol. of the American Journal of Science, Dr. Emmons has described an interesting 
case of overlying granite in Chester, with veins proceeding from it downwards. The mass is 
5 rods in length. A somewhat similar case I have met in Carlisll!. 

Fig. 167, exhibits the manner in which mica slate is sometimes insutated in granite. The 
spot here reprPsented is several rods long, and occurs in Chesterfield, a little north of the meet
ing house. The dip and direction of the mica slate do not dilfer much from what is usual in the 
vicinity. 

Fig.166. 

The case, shown on Fig. 168, occurs about half a mile east of the meeting house in Williams
burgh. A granite vein about four feet wide, runs here in the direction of the strata of mica 
slate. The dark stratum, a, a, is hornblende slate, or perhaps amphibolic mica slate: and it 
appears to have been cut off and s~parated laterally a few feet. The upper mass of horoblcndc 
and mica slate is insulated in the granite, the narrowl!st vein of granite, however, being only 
three iaches wide. 

Fig. 168. 
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Fig. 169, represents two irreciular maJses of granite conneclt>d ! y a ,·ein, or rather by two 
tubercular ml.sses of the same rock. They occur in hornblende slate, two miles n:>rtbeast of 
West Granville meeting house, on the road to Blanford. The strata of this slate usually stand 
perpendicular. Where thus penetrated by granite, however, the dip varies from 70° to 90° 
west; and its layers are exceedingly contorted. Their usual direction, also, is very much altered 
in_ some parts of the sketch. The sketch i;:mbraces a space of several rods. 

Fig. 169. 

Fig. 1701 exhibits a mass of granite three rods wide, with mica slate on each side, and em· 
bracing str ips of mica slate from one half inch to six or eight inches wide. The direction of the 
layers in these insulated strips corresponds wilh that of the mica slate generally in the vicinity 1 

viz. a north and south direction. This case occurs in Che~lerfield, one mile east of the meeting 
house, on the road to Northampton. 

Fig. 170. 

Nica S!atG i11 Gra111tt 1 CRutufitld. 

Fig. 171, is a better representation of a similar situation of granite and mica slate, on the hill 
a few rods west of Great Falls in Russell. It shows the nearly perpendicular face of a ledge. 
At the bottom, the mica slate has the strike, dip, and character, usual in the vicinity. But as we 
e~amine the face of the ledge higher up, we begin to find double wedge shaped masf-les of coarso 
granite among the layers. These increase up\\ard until the granite occupies most of the sur
face ; and only thin layers of the slate are seen running through the g1anite. But their strike nntl 
dip correspond exactly with those in the slate below. 
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Cases of this kind are not uncommon along Westfield river and in the vicinity: and tl1ey Seem 
t> me to prove beyond all question, that the granitt> 1 iu such cases, could not have been pro ... 
d:.iced by injection. For even if it had been in the most perfl"ctly fluid state, it~ intrus ion atnong 
the layers oftbf' slate, must have forced them out orthc1r parallel position. Yet layers, hardly 
thicker than the blade of a knife, run through the granite, retaining the strike and dip of the 
slate generally, as e.saclly as if they had never been movetl. ll is difficult to convey by a mere 
wood cut an accurate idea of such a spot. But l am sure that an examination of the rock will 
snti!'fy any one that we must rl?sort to some other theory for the production of the granite than 
intrusion. And if w~ could only suppcse it the result of thP melting down of the slate, it would 
meet all the facts satisfactorily. The ch ief difficulty in supposing such a transformation, is to 
find a source from whence the potassa of the feldspar in the granite could have been dt'rived. 
But the facts that have been detailed on a former page concerning dolomitisation, prepare us to 
admit that perhaps potassa and t'ven alumina may have been derived by sublimation from the in
terior of the e:irth. If granite might be supposed in sJrne cases to have such an origin, it will 
explain more satisfactorily than any other theory, why we so often discover no marks of dis
turbance in the stratified rocks lying in contact with it. 

Fig. 171 . 

. J.fica. S/<1U, pu•inz Ullo GT.Utite: Ru1f/l. 

The region about Great Fal1s, on \Yestficld river, is the Glen Tilt of Massachusetts. Nearly 
the whole bed of tbe river,'' hil·h mu~t be 6 or S rods wide, is occupied by an immense vein of 
granite, following the course of the river and crossing the strata of mica slate al righl angles. 
}i"ig 172 will conVt'} some idea of this spot. The parts not shaded represent the granite; and 
the dotted lines along each side of the principal unshaded strip, show the shores of the river al 
the time I took the skckh; while lbe spnces surrounded by dotted lines, repres(:!nt small granite 
blands rising cut of the water; one of which produces the falls whic.h are shown on Plnte 12. 
It will be seen th:lt the principal ,·,~in sends out numerous smaller veins laterally, which almost 
universally arc crowded between the.fo!ia of the slate, which dip northwesterly. Some of them 
arc senral feet in <linmeter; not Jess than 20 The "hole length of the sketch cannot Le lPss 
than from 20 to 30 roJs i an<l I regret feeling m)·self obliged to give such a contracted view of 
this spot, '' hich certainly should occupy at least one quarto plate. 

At this spot we han·, as it appears to me, an in~tructive exhibition of the manner in" hich 
granite ,·eins arc intruc!ed bet ween tl1e layers of stratifled rocks, and seem, where the central 
mass from which they or igiuatcd is conct:nl<'<l, like regular interstratified beds. ll is evident that 
thry were forcl·<l betwten the strata, Lccausc the resi:,tance w;is less in that direction than crossM 

wise. 
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("-··~.,) ...... , 

I '1111 
Ora11itc Vciiu ill Jl/ica Slate, Great F.ilts, Ru.sscl/~ 

At Salm()n Falls, sever:il miles fartl1er down the \Vestfield river, near the spot indeed where 

it passes out of its Jong gOrge in the primary strata, the bed of the river exhibits an immense 

ma'>s of granite, similar to that at Great Falls, and wilh slate ur-on its borders. I am inclined to 

belie\•e that the same huge \·ein e:xtends beneath the river, from one cataract to the other j and 

1 fancy that this fact tbrows a gleam of light upon the manner in which this deep gorge across 

the primary strata was produced. The stream may, indee<l, ha\•e worn out most of the v:illey, 

as I have suggP.sted on a former page. Dul does not the existence of this vein prove that here 

·was once a vast fissure in the strata, which was subsequently, in part al least, filled up by the 

grnnite? And di<l not the river run here because the rock was much more easily worn awny , 

than where no such lissure existed, and also perhaps because it was not filled to the top? And 

may we not extend this same supposition to the gorge in the west b1anch of the \i\'e~tfield river, 

even across the entire range of Hoosac mountainr along the route chosen for the \i\'estern Rail 

Road? lf so, we might probably regard the gorge through which Deerfield river runs, and per• 

haps, also, that of Farmington riHr, as produced in a similar manner. Jn regard to \'Vest• 

field river, I regard [he altera1ic:n in the strike and dip of the strata at Cht>ster village and in 

Russell, as shown upon Plate 53, as another indication that some powe1ful disturbance has takeo 

place there. 

Jf this inference be admitted, it furnishes us with an interesting example of f-ie manner in 

which Di\'ine Providence has provided prospecti\'l"ly for lhe comfort of man, by an act of violent 

dislocation of the earth's crust, which seems, upon a superficial view, to indic:ite rather a penal 

infliction. The deep gorges thus produced, and subsequently filled partially with detritus, be ... 

come the channels of easy intercomn1unicalion in Alpine regions. It may be that the Western 

Hail Road, destined at no distant day to connect Boston, (and since the introduction of steam 

ships I might add the cities of Europe,) with St. Louis, and ultimately, perhaps, with the Pa .. 

cific Ocean, may owP. its existence to a violent disruption of the strata across Hoosac Mountain, 

while yet the earth was in a desolllte ond uninhabitt>d str.te. 

As has been shown above, numerous veins or intruded masses of granite extend among the 

str:l.la. of mica slate at Great Falls. on both sides of the river, fro01 the principal ,,ein of granite 

occupying the bed of the river. The strata cross the river there nenrly at right angles, and dip 

at a large angle lo the northwest. On the northeast, or Montgomery side of the river, at the 

<listanc·e of 40 or 50 ro<ls, runs the Western Rail Road: and directly opposite the Falls, a ledge 

of gronite and mica slnte, 500 feet long, has been e);cavated, in some parts nearly 40 fee t deep. 

Tht: cut crosses the strata nearly at rigbt angles; and Fig 173 shows its northeast side-. With 

one exception, where a portion of the strata is thrown out of place
1 

it ,-.,•i ll be seen that the gran· 
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ite appears to form regu'ar beds in the slate. Thirty years ago, such a section would have been 

pronounced by many an indispu1ab'e evidence that f ranite was regularly stratified. Yet we have 

only to pass to the river, a few rods distant from this spot, and we shall see the~e same masses 

of granite, which here appear interstr ti6ed, proceeding from a master vein, as shown on Fig. 

172, and entering the strata as lateral veins. Such an example shows the geologist how cau~ious 

he ~ hould be in drawing inferences before he fully understands the facts. 

Fig. 173. 

/%a/Dlli7h~ 
Or111titti1tAficaSl11tt: Mnw.tzorrttry. 

Figs. 174, 175, and 176, are representations of insulated masses of mica slate and gneiss in 
large veins of granite. The vein in Fig. 174, which is in 'the north part of Shutesbury, is ten 
feet wide, and the insulated mass of gneiss is almost three feet across in its longest direction. In 
Fig. 175, which is in Conway, the vein is fifteen inches wi1le, and the mass of m"ca slate (which 

is the rock traversed by the vein,) is thirty inches long. In Fig. 17G, the imbcdded mass of 

mica slate is eight feet wide and ten feet high; the layers standing perpendicular, and coinciding 

with those of the mica slate generally in that place. Jn all 1he cases described, it seems impos~ 

sible to doubt but the schistose rock is perfectly insulated in the granite; and if so, does it not 

point to an igneous origin for the granite? 

Fig. 174. Fig. 175. 

• lf<1.S1 of G11tiu in Ora11ite1 &h!uhr!f. MieaSlaui11 Gre11ito1 Co111cay • 

At Salmon Falls, on \Vestfield river, a mass of mica slate, having the same strike and dip as 

in the region generally, may be seen, not less than 4 rods in diameter, entirely enveloped in 
granite. 

Fig. 176. F ig. 177 . 

.Mica.Slat1i1tOra1tiU: CA.uttr. 
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Veins of granite traversing granite are more frequent in Massachusetts than in any other rock. 
Generally the veins are composed of much coarser materials than the rock that contains them : 
and by this mark alone can they be distinguished, except that ~ometimes the color of the mate
rials of the vein and that of the containing rock, are different. The case on Fig. 177 occurs in 
the west part of Whately, and exhibits a mass of granite of fine texture, about fifteen feet long 
and ten feet wide, with mica slate on one side. The d~rk part of the drawing represents this 
granite, and the white stripes crossing it are veins of coarse granite. 

Jn Fig. 178, a coarse vein, made up almost entirely of feldspar, 20 inches wide, traverses a 
rather coarse granite. This vein has been cut otfby a fissure crossing it nearly at right angles, 
and the two parts arc separated seven feet. This lateral movement must have taken place after 
the consolidation of the rock. The case occurs in the southeast part of Newport, R Island. 

Fig. 178. Fig. 179. 

Gra11ilc Vciu in GraniU · Na1'po~t, R, 1. Gn111itc Ytiu irt Granitl: Gay lltad. 

Fig. 179, represents an enormous bo, ... ·lder of grani te, from 20 to 30 feet in diameter, lying al 
the foot of the clay cliff at Gay lleaJ, Martha's Vineyard. a, b1 c, are granite veins of the 
same epoch ; as is proved by their parallelism. These are all cut otf by a vein d, of subsequent 
date, crossing them nearly at right angles. Here then we have granite of three distinct epochs. 

Fig. 180, shows us granite of four successive epochs of eruption. Jt is a sketch of a bowlder, 
20 feet Jong and 10 feet thick, lying in Westhampton. The great mass of the rock belongs to 
the first epoch. The vein, a, a, a, was produced at the second epoch. This was intersected by 
b, at a third or subsequent epoch. This, as well as a, were intersected by the vein c, (and 
probably at the same time by d,) at a fourth epoch. The lateral remo\'al of the middle portion 
of the vein a, seems lo have rcsulled from the intrusion of the veins b, and c, whereby the 
wedged shaped portion of the rock between them was crowded out of its place. 

The next case is one of no peculiar interest, hardly worth preserving indeed. Tbe sketcl:, 
Fig. 181, shows a vein of coarse granite, 10 inches wide, traversing a mass of finer granite, and 
cutting off and removing laterally another vein of coarse granite, 2 1-2 inches wide. It occurs 
in SouthamptM, not far from the spot where an adit has been made in the granite to reach a 
vein of galena. 

Fig. 182, shows a granite vein a little more than a foot in width, crossing strata of gneiss ob
liquely. After this vein ,,·as inje<'ted, the strata of gneiss seem to have slidden down so as to 
cut off the vein in at least two places, and near those spots it is considerably reduced in sizC', 
as if in a plastic state when the dislurbance took place in the gneiss. 

The four next cases, viz. Figs. 1ti3, 184, 185 and 186, were sketched in New Bedford and 
Fair Haven: all but Fig. 18-1, on Palmer's Island, in New Bedford Harbor. They all ocrur in 
gneiss. Fig. 183, is interesting chiefly on account of the peculiar form of the vein, which varies 
in width from two feet down to six inches. lt exhibits the vein as it appears on the basset edges 
of the gneiss where the strata dip to the north about 35°. 
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Fig. 180, 

-
Fig. 181. ... -OriuUttPtiui11Gr«11itt• WutAa•pht11. 

Fig. 183. 

Fig.182. II 
\ ..... 

The surface sketched in Fig. 184, is nearly horizontal; and the strata of gneiss dip as in the 

last case. On one side the direction of the strata is changed, apparently through the influcnccoi 

the yein, as much os lOc;i or 15Q. The vein is 15 inches wide. 

Fig. 184. 

Gruite Yti11 i11 Gnei.t'' atlll.1/ort "' F11irltarni. 

Fig. 185, exhibits also the basset edges of the gneiss strata where they dip 35° northerly. A 

mass of granite, a, which is several feet wide where it first appears above the soil, sends off a 

very crooked vein of six or eight inches wide, which connects with another vein, b; which last 

vein also sends off a narrow branch. At d, the edges of the strata are cun·ed considerably, ob· 

viously in consequence of the granite in their vicinity. 
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Fi~- 185. 

Granite PeiM in Gnfi.t.T. P~mcr.t hlrmd, New Btdf,,rd Ilarbor. 

Fig. 186, is a nearly perpen<licular section, running nearly north and south across the strata of 
gneiss, and showing an irregular branching vein. The principal vein is two feet wide, the branch 
about one foot. It will be seen that the general dip of the strata is 35Q; and th. t it is increased 
to 40° on the lower side of the vein. The lower edge of the section corresponds to high water 
mark. The spot can be well examined only in a boat. 

Fig. 187, was sketched from a bowlder of gneiss in the south part of Tolland. It is traversed 
by a vein of granite a foot wide. The only object is to show the change in the direction of the 
stnita on different sides of the vein. . 

Fig. 186. Fig. 187. 

Fig. 188, was sketched from a. rock of granitic gneiss in the southeast part of Northfield, 
about 3 rods long. The shaded parts represent granite veins, and the unshaded parts, the gneiss. 
It will be seen that we have in this t!Xample veins produced at three successive epochs, if we_ fol
low the rule, which is generally safe, that a vein which cuts off anolher is to be regazded as the 
most recent. 

In Fig. 189, a large protrudiag mass of granite rises from the soil at the north end of a naked 
ledge of mica slate, which is two rods w ide, as represented on the sketch. From this mass of 
granite an irregular vein proceeds nearly in the· direction of the laye1 s of slate, embracing two O( 
three nearly insulated strips of mica slate. It occurs in the west part of Whately. 
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Fig. 188. 

Fjg. 190, is situated near the same spot. It represents the inclined surface of a ledge of mica 
slate, through which a grauite vein of four feet wide passes. This embraces three masses of 
mica s]ate of considerable size, which are evidently separated entirely from the parent rock, ex
cept one of them nearest the upper side of the sketch. The layers of the mica slate, in the di
rection in which the granite was erupted, are obviously considerably curved, as is shown in the 
figure. 

Fig 189. Fig. 190. 

Oranit~ Yti11i1tAIUaSlatc WlwiUIJ. 

Fig 191, represents a nearly perpendicular ledge of mica slate in Conway, very much con
torted, about two miles southwest of the center of the town. a, a, are strata of common mica 
slate : b, is a stratum of amphibolic mica slate. The '"hole surface exhibited is fifteen feet Jong, 
and eight feet high. Through this ledge runs a vein of fiae grained granite a foot wide. The 
object of giving the sketch is to show that this vein has produced no derangement of the mica 
slate : for the different varieties of that rock occupy the same relative position on the different 
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sides of the vein. Hence the Vl'>in was introduced subsequently tJ the conplid1tion of the slate i 

and probably it was injected into an open fissure. 

Fig. 191. 

Or111tiU Yti1t in .Miu. Slalt , CH-)1. 

Fig. 192, was sketched only 100 rods northeast of the Congregational Meetinghouse iu Con

way. It represents two granite and several quartz Yeins, in coarse micaecous limcstonf'. a, a, 
appears to have been the oldest granite vein, and is a foot wide on the right hand side of b, b, 

and twenty inches at the other extremity. This is intersected by another granite vein, b, b,and 

the two extremities are removed asunder forly·lwo inches. c, is a curved branch of this vein : 

b, b, is from twelve to eighteen inches wide. s, s, "' s, s, 1 1 s, are quartz veins, from half an inch 

to two inches wide, and one of them, it will be seen, intersects both the granite veins; and, 

therefore, these quartz veins appear to have been of posterior origin lo both the granite veine. 

d, and g, are masses of mica slate, with which (rock the micaceous limestone, that constitutes 

the dark part in the sketch,) is interlaminated in the vicinity. The direction of the layers of 

slate in the mass 9, corresponds with that of this rock generally in the vicinity: but in what 

manner the mass d, should have been thrown at right angles to this direction, it seems difficult 

to imagine. lt is obYious, however, that these granite veins have produced great disturbance in 

t11is spot. 
In the same town, and near the same spot, may be seen the original of Fig. 193. \Ve have 

here a vein of granite, 40 inches wide, which sends off two branches; the first at an angle of 

20° and the second at an angle of 50Q. Both the branches are 18 inches wide, and the portion 

of the vein which continues in a direct course is 14 inches wide. lntcrsecting these veins of 

granite, we find several of quartz, whose width ''aries from one inch to three inches; and whose 

direction correspands with that of the continuous layers of mica slate. The prohability is that 

these, like most other qua1tz veins, were the result oC the infillration of siliceous matter into 

fissures previously produced by desiccation or mechanical force. 

Fig. 194, appears to be an example of the mechanical effects upon the layers of mica slate ofa 

protruding vein of granite. It occurs at Narrymore's quarry in the west part of Goshen; where 

the layers of mica slate are arrangeJ with remarkable regularity. The dip there is about 40q 

northerly: but where a granite vein of four feet wide, (b,) protrudes in a nearly perpendicular 

direction, the strata of the slatp, on the lower slde of the vein, for the width of eight inches, (a,) 

are bent so as to stand perpendicularly against the vein. On the upper side of the vein, and im

mediately in contact with it, the slate is hidden by soil: but it appears again a few feet distant at 

c. This example was brought to light by the quarrymen, and as it was sketched several years 

ago, ere this they may have destroyed all traces of it. 

Fig. 195, rt:presents a vein of granite, only one eighth of an inch thick, traversing mica slate 

in Conway, one mile southwest of the Collgregational Meetinghouse. Strictly speaking, it is a. 

bed; for it is inlerlnminated with the slate, and conforms to its tortuosilics. It is not perhnp1 
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easy to coucci,·c how "Jllch a Ycin could have been intruded between the layers of the slate, on 
account of ils extreme thinness. Perhaps it ought rather to be regar<led as one of the layers of 
the slate, produced in the same manner as the la.mime of gneiss. 

Fig. 192. Fig. 193. 

Fig. 195. 

Or1111itrYciJti111.NicaSUile: Conll'oy. 

Fig. 196, wos sketched neal' tlic same spot. ll represents the edge of a thick stratum of mica 
1·.late, whose dip is 50° east: and whose Jaminre correspond in the dip to the strata seams. 
Among these lamimc and running in nearly the same direction, are three narrow and quite irrea 
i.;ular granite veins. a, !-iccms lo l1ave been injected from below, and has no apparent connection 
"ith b, which would seem to have flowed in from above. c, is a third very narrow vein only one 
fourth of nn inrh widf', "Lich has no connection with the others. 

Fig. 196. 

Gr1u1iU J"ci11& iic .lflca Sl11te : C1111.c11~. 
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Fig. 197> was ~ketcheJ. in Goshen, riot more than a mile or two from Fig.194, anJ it is analo
gous to Fig. 194. The spot may.be seen two miles west of the village, on the old ro<id to 
Cumrninglon, on the margin of a pond. It is a ledge of mica slate a few feet high, whose strata 
dip from the observer, and whose basset edges only appear. On coming within 30 inches of tho 
mass of granite l, the lamina:: of slate are bent upwards 20q; and on the other side of the g1anitc. 
c, they actually stand perpendicular or even Jean a. few degrees from the granite. 'fhc willth of 
the protruding mass of granite, which is partly bid by the soil, is from three to four feet. It i.:t 
common to sec mica slate and other stratified rocks as much disturbed in the vicinity of granite 
as this case exhibits: but it is not common to meet wilh the disturbance on so small a scale. 

The mica slate in the northwest part of Norwich is frequently ve1y regular in its stralificntion, 
<lipping west 80°; and this is the case where Fig. 198, was sketched. A granite \·cin four 
inches wide crosses the strata nearly at right angles, an<l the edges of the mica slate show that 
the byers on opposite sides of the vein have been moved a few inches late.rally. The~ <li!itiuct
ness of the stratification enables us to seb this change more easily than is common. 

Fig. 198. 

II 
Fig. 199, represents granite ,·eins in micaceous limestone in the west part of Co!raine. They 

nre bowlders of about two feel in diameter, and the veins only an iach or two widt!. The ex
tremely serpentine course of these veins is the most remarkable circumstance about them. For 
I could not discover any cause that makes them thus serpentine. The limestone appears per· 
fectly homogeneous throughout, and is entirely destitute of any appearance of a laminar, slaty, or 
stratified structure: I mean so far as these specimens are concerned. 

Fig. 199. 

Fig. 200. 

Granite Vcius in Alica.uou.s Limesto11t' Calraine. 

The only remaining case of granite veins which 1 shall notice, is represente<l on Plate 55, at 
N. It show3 a perpenJicular wall of granite and mica slate, in Westhampton, on the stage road 
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from Northampton to Norwich. It is nearly 4 rods long. Several veins of granite are exhibited, 
which, for the most part, correspond in direction to the layers of mica slate. 

In the preceding description of granite veins, I have noticed the bearings of nearly all the pe
culi.u cases upon theory; and at the present day, it is hardly necessary to point out the general 

in(erenccs that flow from these examples, as to the origin of granite: e.!!pecially as I hope to pre· 
sent a summary of evidence on that subject, in the Fourth Part of my Report . 

• Mineral Contents. 

In every part of the world granite is the repository of very many of the most perfectly crys
tnlized minerals : an eviJence that its materials must have been once most thoroughly flui<l. The 

number of species in the granite of Massachusetts is not quite as numerous as in one or two 

other rocks: yet it contains several of the most interesting minerals in the State. 
Sulphate of baryta is extremely abundant in it; though the most prolific locality,-that in 

lfatfield,-occurs in sienitic granite, anJ has been described A considerable part of the matrix 
of the galena, blende, and copper pyrites, at the Southampton mine, consists of this mineral. The 

most southerly vein of lead ore in Leverett, also, abounds in it, as the gangue of the galena. 
And both the metallic veins in that place are in granite. The baryta occurs generally in foliated 
masses: sometimes in tabular crystals. The folia are sometimes curved; and sometimes, as in 

Leverett, the specimens are coarsely granular. The color is uniformly white. 
Carbonate of Lime is rare in granite: but in the vein of metallic ores above spoken of at 

Southampton, we find it in distinct crystals; sometimes of a delicate straw color. I have ob
bcrved there a dodecaedron composed of two six sided pyramids; a short eix sided prism 

ncuminated by three faces; also the same with all the solid angles of the prism truncated, pro
ducing a trapezoedron. This mineral more frequently is laminated. 

The situation of the argentinc in Westhampton, partly in the mica slate, and partly in the 
granite. renders it proper to speak of it as belonging to either rock: but under micaceous lime
stone, I have given a full description of its geological position; and its mineralogical characters 

correspond so well with those that are given in the books, that nothing more need be added. 
The Jocality cannot for a considerabfo time, be exhausted ; unless it should be visited by some 
of those insatiable collectors, who carry away specimens by the ton. (Nos. 1490, 1491.) 

This same mineral has been found at the Southampton lead mine. 
At the most norlht:rly vein of galena and pyritous copper in Leverett, I have fountl a few 

specimens of crystalized brovm spar. 
In Billerica and Stow, phosphate of lime has been found by Professor Webster in very coarse 

granite: also by Dr. C. T. Jackson, in the same rock in Lancaster, in connection with spod
umcne. 

At the Southampton lead mine, green and purple fluate of lime has been found, but not in 
large quantities: though, should this mine ever be wrought extensively, there can be little doubt 
that abundance of it will be brought to light. 

At the same place we meet with crystalized limpid quartz in great abunJancc. Sometimes 
the crystals are penetrated throughout by a yellow coloring matter, so as to form genuine yellow 

quartz. Radiated quartz forms the greater part of the gangue of the lead and copper ores, in the 
several veins of these metals that have been described as existing in Hampshire County, in the 
first part of this Report. Jn Chester, the quartz in this rock is sometimes rose rec1. In Goshen 

its crystals are sometimes of an extremely delicate smoke color; and in Williamsburgh, this va
riety occurs uocrystalized in large quantity, about two miles west of the Meeting House. Jn 

Bristo], Rhode lsland, occur fine specimens of amethyst; which are said to proceed from the 

granite of Mount Hope. This locality a few years s;nce promised something for the lapidary. 
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At the Southampton lead mine pseudomorphous quartz is sometimes met with. But the most 
interesting locality is in the galena vein, near the argentine locality, in Westhampton. The 
pseudomorphous crystals are very perfect, and have the form of double six sided pyramids and 
of cubes intersecting each other exactly like crystals of fiuor spdr. These crystals are hollow, 
and generally drusy without and within. lt is now, however, very difficult to obtain specimens, 
especially of the variety that has assumed the form of fluor spar. (Nos 1501, 1502.) 

In Conway, I observed that some of the quartz in coarse granite was highly fetid. The same 
is fou nd in Che3ter. 

A mineral is sometimes seen at the Southampton lead mine, which appears to be hornstone. 
(No. 1502.) 

Spodumene abounds io o~r granite. Goshen is its most abundant locality. About two miles 
north of the village, it occurs on the road to Ashfield; and also about three miles northeast of 
the center of the town, on the road to Plainfield, at a locality long celebrated for furnishing 
several interesting minerals. lt is found likewise in Chesterfield, Norwich, and Chester. In all 
these places its characters are similar. It occurs in prismatic masses. These masses are some
times four or five inches across, and of great length. Dr. Dwight of Cummington, showed mea 
specimen from Chesterfield, containing a prism 21 inches long, yet broken off at both ends. 
These larger masses are commonly of a white or gray color, and rE:semble feldspar. But the 
smaller specimens are frequently of a delicate green color, resembling very much the spodumene 
from the north part of Europe. A few specimens I ha\·e noticed of a light rose color. (Nos. 
1504 to 1507.) 

This mineral occurs also in Sterling, in a granite rock. This spodumene has more of a pearly 
aspect than that in the western part of the State; as the specim~ns in the collection will show. 
It is also of a more milky white color. {No. 1508.) In connection with the spodumene of 
Sterling, triplite is said to occur in small quantity. 

The varieties of mica in our granite are numerous and interesting. The rose red, has been 
found only l believe in Chester6eld, and the northwest part of Goshen, where it sometimes occurs 
in oblique rhombic prisms; which is its primary form. Jn the same place, also, and likewise in 
the northwest part of Chesterfield, at tbe tourmaline locality, a delicate yellow mica of various 
shades is found under the same form; and still more frequently, a transparent or silver colored 
Yariety. But the most perfect crystals of mica which l have found in Massachusetts, occur at 
the beryl locality in South Royalston. (Nos. 2480, 2481, 2482.) The crystals are usually the 
primary form, viz. an oblique rhombic prism, and they vary in size, from half an inch to two or 
three inches in length. The only modification which I have noticed, is a truncation on the acute 
lateral edges as in the crystals of Lincolnite . (Fig. 146.) This truncation, which is not un
frequent, is usually slight, but sometimes deep. The color is smoke gray. Jn excavating the 
·western Rail Road at Warren, foliated masses of mica were blasted out of a large size, of which 
No. 2483, is an example, being one extremity of a truncated crystal. In S•Jme exceeding coarse 
granite in the northwest part of Norwich, I noticed plates of mica nearly two feet in diameter. 

Prismatic mica is found in Goshen, Chesterfield, Norwich, and Leverett. But the specimens 
which] have found in Russell are the best. (Nos. 1512 to 1514.) The general color of the 
prisms is light sruoke gray; but we sometimes see in them distinct strips, penetrating deep ir.to 
the specimen, of a very dark bronze color; appearing black, indeed, except in very thin plates. 

Plumose mica, (Mica fibrellx, Beudant,) is quite common in Williamsburg, in several places 
west and northwest of the village. The name is derived from the resemblance between the ar
rangement of its lamelhe, and those of a fe3ther; which indeed is often quite striking. 

The granite of ·Massachusetts contains almost every variety of tourmaline that has been 
found on the globe. Common black schorl is most abundant. In Chesterfield and Goshen its 
crystals are sometimes large, but generally quite imperfect. In Norwich its crystals are terminat-
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ed by pyratnids. In WestforJ, also, I met with it in small very short acumiuated crystals. 
(No. 1574.) In the coarse gra.nite of Orange, it is common, and often in large crystals. It 
occurs also in great abundance in the south part of Vhrwick, although as the immediate gangue 
is quartz, I have placed it under quartz rock. (No. 2036.) 

Of other tourmalines we have every variety, except perhaps the yellow and the white. In~ 

dicolite cccurs at the groatest numbe• of localities. ln Chester, it is found in large crystals; 
nlso in connection with the green and red varieties in the northwest part of Goshen, associated 
with several other minerals: also in Chesterfield. 

The most note<l locaJi.ty of green and red tourmalines is in the northwest part of Chesterfield, 
on land of Mr. Clark. They are contained in an enormous vein of granite in mica slate, which 
corresponds nearly in direction with the layers of the slate. This granite is crossed obliquely by 
a vein, varying in wKlth from six to eighteen inches, of smoky quartz and albite: or rather, the 
quartz forms the central part of the vein, anrl the albite lies on each side of the quartz: the 
green, red and blue to.urmalines, with schorl and sometimes beryl, passing through the albite and 
the quartz. This cross vein has been laid open from twelve to twenty feet by blasting; and it 
is really, in the eye of a mineralogist, a splendid object. I do not see that there is any prospect 
that it will soon be exhausted j although I doubt whether as fine specimens are uow obtaint'd 
Crom it as formerly. 

The crystals of green tourmaline and rubellite at this locality occur in rounded prisms, deeply 
striated longitudinally. They haYe been found an inch in diameter, but generally they are mueh 
less, and the red ones are rarely more than one quarter of an inch : sometimes they exhibit triedral 
summits. Jt is very common for the rubellite to be enclosed in the green.crystals, and sometimes 
a thin ]ayer of talc intervenes between the inner and lhe outer crystal. Col. Gibbs found three 
o1 the red crystals in one fostance aggregated together, and enclosed by one c.f green. The green 
crystals also sometimes embrace indicolite, and sometimes indicolite encloses the green tourmaline, 
as may be seen by the specimens, Nos.1521, 1522, and 1524. The green tourmalines, as well as 
the rubellite, are sometimes entirely distinct from each other; especially when they are contain~ 
cd in the quat"tz. In some instauces I have met with marks of rather singular disturbances 
which took place while the green tourmaline was crystalizing in the quartz. The quartz is 
fissured into somewhat parallel laminre, and together with portions of the crystal has been sub~ 
fccted to a sort of echellon movement, while in some places it has been so compressed as almost 
to disappear. This last circumstance seems to indicate that the disturbance took place before.the 
crystalization was completed. Fig. 201, is intended ta re1)resent tb~s phenomenon. . 

Fig. 201. 

Crysla.1 of Grtt11 Tourma!i11e i11 Quart!: Cltrster}ie/d. 

The colon of the tourmalines in Chesterfield arc pretty uniform : but in Goshen they vary ex-
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c~edingly. The rubellite is rarely met with there; but the indicolite is abundant; and this 

passes by numerous gradations into green tourmaline. Of some specimens, indeed, it is difficult 

to say whether they should be regarded as blue or green. There also we meet with a yellowish 
green tourmaline, (No. 1520,) which is associated with spodumene. Sometimes also I have 
seen this mineral nearly brown and even approaching to white. At Chesterfield the green va· 

riety is opaque: but some of its crystals at Goshen, penetrating m:ica, are translucent. 
All the common varieties of f'='ldspar are of course abundant in our granite. Its ordinary color 

is white. But in Leverett it is blue; and often the folia are six or eight inches across. In Go· 

shen I have met with it slightly green. Albite is found as already noticed, at Chesterfield, 

where it is commonly foliated, but sometimes coarsely granular. (Nos.1538, 1539.) At Goshen 

the same varieties occur: and that which is granular exceeding1y resembles saccharineJimesto'ne. 

In Norwich it is found foliated and of a light blue color. At the other localities it is always 

white. Mr. Andrews of New Salem, finds it in white foliated masses in that town. It is 

found also in Chest~r. (Nos. 1535 to 1539.) 
The localities of beryl in the granite of Massachusetts are numerous. \Vith one or tw_o ex

ceptions, however, they yield only a few, and those, not rich specimens. It occurs at several 
places in Goshen, and sometimes in handsome crystals; but usually in opaque and dull specimens. 

A mineral occurs in the northeast part of the town, at a famous locality for many species of mine· 
rals, on what is called the Week's farm, which was formerly described as a rose beryl; being 

sometimes of a rose color, though usuaUy hyaline. Professor.. Shepard, however, bas more 
recently d·escribed this mineral as the phenacite. {Am. Journal of Science, Vol. 34, p. 329.) 

But Dr. Frederick Tamnau, of Berlin, in Prussia, to whom I sent specimens, says that" it seems· 
not to be identical with the phenakite from the Ural, and from Tramont; and I wish particular

ly to have more of it for a chemical analysis." I have not found time to examine this mineral 

with the care requisite to decide with certainty as to its nature. But the chemical examination 

of it by Prof, Shepard, certainly renders it probable that it is the phenacite. 
In Chesterfield and Nor'Wich, beryis have been found of great size; but, as is usual in 1uch 

cases, the size i~at the expense of eleganc·e. In Norwich, however, in the northwest part, some 

very good specimens occur. Ia 'Villfomsburgh, also, quite elegant specimens have been found: and 

some, also, in \Vorthington. In all these cases, they exist in granite veins of the coa1sest kind. 

In a similar granite vein I noticed some very large, but homely crystals, a mile south of the ceoter 
of Wanvick. InRollstone Hill, in Fitchburg, some very good crystals have been found, and i1tilt 

better and more numerous ones on Pearl Hill, two or three miles north of the vi11age in that place. 

The coarse granite of Stow, sometimes affords ihem. But by far the richest localities in the 

State, occur in Royalston and Barre. 
'The locality in Royalston is situated in the southeast part of that town, at a manufacturing 

village, sometimes called South Royalston, close by a school house, and on land of Mr. Clark. 

An enormous vein of coarse grained granite, 10 or 12 feet wide, tra-verses gneiss almost at right 

angles to its strike, and descends into it perpendicularly. This granite -oootains the beryls, which 

were first noticed by Al<len Spooner, Esq. of Atbol, wbo caned my attention to the spot. Proba· 

b1y since that time one or two thousand specimens have been got out by myself a"£1d others; and 

I hope the locality is not yet exhausted; although as the excavation is now several feet deep, ·· 
much more labor is required to obtain them. 

I have never met with a beryl at this place more than about 2 or 2 1·2 inches in diameter. 

Such are usually more or less opaque, though sometimes neatly limpid. The larger crystals are 

sometimes more than a foot long; and they, as well as the smaller ones, are intersected by seams 

of quartz quite often. Jn such a ca3e1 the crystal ls often bent where the quartz intervenes. 

The best crystals occur in gray quartz, but they are found also in the feldspnr. The small 

crystals are frequently limpid; usually aboundiog in fissures ; but sometimes so free from them, 
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as to admit of being cut and polished; and I have p1aced in the State Collection, a few speci
mens of the different varieties thus prepared by the lapidary. The ,·arielies o[ color are three: 
the aquamarine, a grass green, and a yellowish green. The two laller colors are frequently 
quite deep, and the specimens approach in elegance to the precious emerald. The yellowish 
variety is the most beautiful; and when cut and polished, can hardly be distinguished from a 
chrysolite, which name was applied to it by the lapidary. ln short, lam not aware that any lo· 
cality of beryl in the United States, furnishes as fine and as numerous specimens as that at 

Royalston. 
It is rare to obtain crystals with distinct terminations: but I have found several that were not 

ruined by getting out. Some of them have a single termjnal plane. This.is sometimes replaced 
by several planes, even as many as 8 or 1 O. The edges of the prism are sometimes replaced by 
one and sometimes by two planes; so that the prism has from 15 to 17 sides. Frequently these 
new planes are much less perfect than the sides of the original prism. But these complicated 
modifications cannot be explained w~thout drawings, which I have not introduced, chiefly be ... 
cause of the crowded state of my report. 

I have already described the fine crystals of mica that are found at this locality of beryl. 
Another mineral, much more rare, is Crichtonite, or Titanic Iron. It is in distinct crystals, with 
the sides and angles truncated. (No. 2510.) 

The crystals of feldspar at this locality, are sometimes of remarkable size. No. 2511, is 
about 8 inches broad, and is so truncated as to become a flattened six: sided prism, with dihedral 
summits, and a slight truncation upon one of the obtuse angles. Another crystal, which I ob
tained, was of similar form, and 9 inches wide, and a third was 20 inches wide, and about 8 
inches thick; and yet it is a perfect crystal at one extremity! Anolher small crystal is so trun
cated on the edges, as to become an 8 sided prism, with the same terminations as above described. 
But figurr.s are needed to illustrate these forms , 

The beryl locality in Barre, is situated in the extreme west part of the town, near the road to 
Dana ; and its general tharacters are the same as those of the Royalston locality : that is, it is a 
huge vein of coarse granite iu gneiss. Crystals of feldspar occur here, also, as large as those in 
Royalston. But the beryls are far less numerous and rich. Some tolerable specimens, however, 
have been obtained; and the modifications of the primary form are similar to those already de
scribed. ln connection with the3C minerals, we sometimes find garnets, nearly an inch in diame
ter. But the most interesting mineral at this locality is rutile. lt occurs io distinct crystals, 
usually insulated; nnd some of them are really magnificent ; being from an inch to an inch and 
a halr in diameter. Sometimes we find the right square prism truncated on the edges, with 
tetrahedral summits. But more usually the crystals are ger.iculnted. This mineral is not 
abundant at this locality. But a good deal of blastiog will w;ually be rewarded by several 
specimens. 

Specimens of all the preceding minerals from Royalston and Barre, will be found in the State 
Collection. 

In the granite of Chesterfield, Professor Shepard bas described a new mineral, chiefly an oxide 
of cerium, which he has named microlite, from the minuteness of the crystals: none having been 
found which weigh half a grain. Jn the same place he has found the uranile in small quantity; 
which is a cupreo·phosphate of uranium. Variegated copper ore is said to have been found in 
the Chesterfield granite. The Columbite, which is chiefly columbic acid and iron, has been 
found in right rectangular prisms, with several modifications, at the tourmaline locality in Ches
terfield: and also at two places in Goshen, imbedded in spodumcne. Thus we find that in this 
region there exist several of the rarest metals on the globe. 

Garnet is less abundant in our granite than in several of the older stratified rocks. Generally 
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where it does occur, it is in quite small crystals ; but it is commonly the precious garn~t. In 

Bedford it is s::iid to be found in large and sometimes perfect trapezoidal crystals. 
I believe that all the veins marked on the Geological Map, as lead veins, in Hampshire Coun

ty anc! the south part of Franklin, are either entirely contained in granite, or pass from that rock 

into mica slate. Hence the minerals which they contain may properly be described in this 
place. 

The gangue of the most southerly vein in Leverett is sulphate of baryta and quartz. It is 
only a foOt or two in width, and is entirely in granite. It contains galena only. The most 

northerly vein in that town is several feet wide, and is mostly in mica slate. It contains galena 

and pyritous copper in nearly equal proportion. 
The vein in Southampton to which I have often referred, and which has been explored farther 

than any other in the State, traverses granite and mica slate ; and the gangue is mostly quart:i 

with sulphate of baryta occasionally. Its extent and situation have, however, been already 

given in the first part of my Report with sufficient minuteness. Galena is the principal ore. 
Blende, however, is frequent, as well as pyritous copper. Here aJso have been [Jund the carbon

ate, molybdate, sulphate, phosphate, and mudo-carbonate of lead; the blue and green carbonate 

of copper and vitreous black oxide of iron. Here also we find sulphuret of iron in small octahe-
clr:i., truncated on all their angles. The carbonate of lead is found in tabular prisms with beve1-
ments: also in six sided prisms with four sided acuminations: also in triangular dodecaedra with 

their apices deeply truncated. The murio-carbonate of lead is in light green groups of cubic 
crystals terminated by telraedral pyramids. The sulphate of lead occurs in small plates on the 

galena. The phosphate of lead exists in spherical light green masses. 
The vein in the south part of Southampton is said to have agangue of quartz containing galena, 

and to be not more than a foot wide. I have not visited it. 
About a mile northeasterly from the adit in Southampton, and I believe wHhin the limits of 

Northampton, a vein of quartz mostly radiated several feet wide, traverses mica slate chiefly, 
and contains blende and galena; the former in much the greatest quantity. Theblendehere, 

as well as at a~ l the veins in the vicinity, is foliated, rarely in distinct crystals, and of a honey 

yellow color. 
The metallic vein in \Yesthampton, near the lolality of argenline, is very large, at least 10 

feet wide: though I could not ascertain its true width. lt is composed entirely of radiated and 

crystalized quartz, surrounding small masses of some other rock, probably mica slate, the whole 
mass having a brecciated appearance. Galena, the only ore that has been found here, is very 

sparingly disseminated. I could not ascertain whether this vein is in granite or mica slate; both 

of which rocks occur in the vicinity. 
The veins in Williamsburgh, according to l\fr. Nash, occur in granite and mica slate, and the 

gangne is quartz. Only one of themi however, bas been cliscovered in the rock, their existence 

being inferred from the loose blocks strewed over the surface. In at least one of these veins, the 

oxide of manganese occurs, along wilh galena.. Pyritous copper exists there also, in small quan

tity : and I found foliated blende. This latter ore appears to have a strong tendency to decom

position, and oflen the cavity that contained it, is filled with a dull red powder, whose true 

nature I have not ascertained. 
The three veins in Whately have all a gangue of quartz, generally radiated. The most east

erly one, according to Mr. Nesh, contains oxide of mangauese as well as galena. The most 

northerly one, is six feet wide and lies chiefly in granite. It contains blende as well as galena. 
The two other veins described by Mr. Nash J have tried in vain to find. 

Jn the first part of my Report, I have described a vein of quartz, containing blende in abund

ance, as well as porcelain clay, in Norwich; owned by Quartus Angell; and also a vein of 

quartz near Great Falls in Russell, from 2 tQ 4 feet wide, and 300 feet above the river, contain-
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ing galena and blende. Both these veins, especia11y that in Norwich, Contain very beauti(ul 
drusy ~nd crystalized quartz; as may be seen by examining Nos. 2487 to 2496. 

According to the Messrs. Danas, muriate of copper has been found in rolled masses of granite 
in Woburn. 

It is said, also, that specular oxide of iron occurs in Mendon, and in Cumberland, R. Island, 
in granite. 

In the 16th volume of the American Journal of Science, I have given a very particular account 
of the single crystal of the oxide of tin, which I found several years ago, at the well known 
locality of several interesting minerals in the northwest part of Gbshen. Its forrr., if I did not 
mistake it, was an octahedron with a square base. It occurs also in the granite of Chesterfield; 
eo that we are now certain of three localities of this valuable metal in Massachusetts, and within 
a year or two, it has been found in Connecticut and New Hampshire. 

Su1phuret of molybdenum has been found in granite in New Bedford and Fitchburg. 
Reserving all theoretical considerations as to the origin of granite fur the Fourth Part of my 

Report, I shall proceed to notice a few miscellaneous subjects that could not well be introduced 
previously. 

MISCELLANEOUS SUBJECTS. 

I . .Metallic Veins and Beds. 
On Plate 53, will be seen, as indicated by double arrow heads, the strike of most of the 

metallic veins and heds in Ma.,.sachusetts, where they have b~en sufficiently opened to ascertain 
these particulars. The facts, on which that delineation was founded, are the foJlowing. 

Strike. 
J. Bed of Iron in Hawley. North and South. 
2. do. Somerset, Vt. do. 
3. Bed of Manganese, Plainfield, ( S. W . part.) do. 
4. Vein of Lead, (most Southerly) Leverett. do. 
5. do. Whately, (North part.) do. 
6. Vein of Copper Ore on Island, Turner's Falls. do. 

7. Ve~ne:': i;;rs~r Ore in Greenfield, near Tur-} do. 

8. Vein of Manganese, Conway. N. E. and S. W. 

9. Ve;;:ih~:l~\;';;~.fopper, Leverett, (most l do. 

10. do. do. Soulhampton. do. nearly. 
11. do. do. Westhampton. do. 
12. do. do. Zinc chiefly, Northampton. do. 

13 an~r~4Na'!'~~; ;:~~~ri~~~)fly in Whately, (on l do. 

15. Bed of Copper Ore, Granby, Ct. do. 
16. Bed of Mag. Oxide of Iron, Bernardston. N. E. and S. W. 

Dip. 
Vertical. 

20° to 30° E. 
nearly go0 E. 

nearly Vertical. 
do. 

Westerly. 

Vertical 

do. 

do. 

do. 
do. 

20° S. E. 
do. 

17. Bed of Plumbago, Sturbridge. N. 30° E. 60° to 70" N. W. 
18. do. Iron and Zinc, Sterling. N. several degrees E. 
Jg, Vein of Lead, Hatfield. nearly N. W. and S. E. 
20. do. In Russell. N. and S. 
21. do. In Uxbridge. N. E. and S. W. 
22. Bed of Limonite, W. Stockbridge. N. and S. 
23. do. Of Magnetic Oxide of Iron, Chester. do. 
24. do. do. Warwick. do. 

do. 
Vertical? 

goo. 

25° S. E 
45° E. 

goo nearly. 
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2. Geological Map.-( Plate 52.) 

I have little to add to the explanations that have already been given respecting the Geological 
Map, on Page 305. My resurvey of the State has enabled me to make numerous minor altera
tions and corrections of the former editions: but the scale of this Map is too small to allow of 
numerous lesser alterations and additions, which I have it in my power to make. I had cherish
ed the confident expectation, that before my re-examinations were completed, the large Map of 
the State, now in progress under the superintendanceof Mr.Borden, would have been published. 
But being disappointed in obtaining that as the basis of the Geological Map, I have resorted to 
the best published Maps of the State for this purpose. And on this account, I thought it not 
judicious to construct the Map on a very large scale. }'or at the best, it can be considered only 
as an Index to a Geological 1liap of the State. Whenever the large l\Iap shall be completer!, if 
life be spared, and the Government wish, I shall he ready to color it geologically. 

S. Map ef the Strike, Dip, 4·c. of tlte Simla.-( Plate 53,) and Sections of 
the same.-( Plates 54, and 55.) 

Although I have given numerous local details respecting the strike and dip of the strata, yet 
so numerous are the anomalies in these respects, that I thought it necessary to represent the 
predominant strike and dip upon Plate 53. Local deviations, unless on a large scale, are not 
there represented. On the same Map I have exhibited several other subjects of importance; 
such as the Axes of Elevation, and Depression, the Systems of Strata, Diluvial Furrows, &o. 
Some of these have been already explained, and the others will now receive attention. 

The instruments which I have employed for ascertaining the strike and dip of the strata, are a 
good pocket compass and a clinometer. I confess, however, that in consequence of the very 
common changes of the dip and strike within short dis~ances, 1 have been much in the habit of 
depending upon the coup d'ottil lo obtain their average~ having first ascertained where the true 
meridian Jay, and having found by Jong trial thal I could be more accurate in this way, and es
pecially in respect to the <lip, lban by the use of instruments. But after all, e\·ery geologist 
n1ust be aware that all observations of this kind, made in the best manner, can be only approxi. 
mations to the truth. In most instances, however, they come sufficiently near the truth to form 
a goo<l basis for reasoning: since it is huge differences only, in the dip aud strike, on which the 
conclusions rest. 

In strictness, when the direction is given in this Report in degrees, about S degrees should be 
nJlowed for tho westerly variation of lhe magnetic needle. 

Dotted lines are drawn on the Geological Map to show where the Sections, given on Plates 
5-J and 55, cross the country. Section A, crosses from east to west near the northern part of the 
State. Section B, is intended to cross near the middle of the State : though it deviates some
what from a direct course, in order to strike Wachusett. Section E, passes through the southern 
part of the State ; though when it reaches the northern corner of Rhode Island, it tends more to 
the south, in order to terminate upon the famous' Plymouth Rock,' which is a large bowlder of 
a rather peculiar kind of granite. (No. 1433.) Section F, passes from the northeast corner of the 
State to Boston; thence it changes its course slightly to reach Newport, R. Island. Section C, 
uhibiting Ga.y Head of the uaturnl colors, bas already been explained. Section D, crosses Mount 
Toby; Section G, Mount Tom; and Section H, the central parts of West Stockbridge: and their 
object is to give an idea of the structure of interesting spots which are out of tbe course or the 
general Sections. The other smaller sketches on Plate 55, haYe already been described. 

The horizontal scale used in oll these sections, as far as G inclusive, correspands with that on 
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the Geological Map: so that the larget Sections are of exactly the same length as the Map, 
measured on the dotted lines above described. Hence any particular spot on the Section may be 
found Upon the Map, by laying the one upon the other. The scale for laying off the heights is 

2000 feet to the inch. 
The height of the most important points was obtained from the accurate results of the Trigo· 

nometrical Survey by Mr. Borden. (See :Alrmthly Chronicle,for July 1840,p. 185.) 
The double scale necessarily employed in extensive Sections of this kind, gives so distorted a 

representation of the surface, and consequently of the relative situation of the different rocks, as 

exceedingly to diminish the value of such representations. Geologists accordingly at the present 
day, are very jealous of them, and value them less as they are more distorted. ' Such Sections,' 

says De la Beebe,' are little better than caricatures of nature, and are frequently much more 

mischievous than useful, even leading those who make them to false conclusions, from the dis

tortion and false proportions of the various parts.' (GeologicalJJlanual, 2d Ed.p. 645.) Ifto 

this it be added, that there is a strong temptation to make up for a deficiency of observation by 

giving the relative position of rocks according to a favorite theory, we shall be persuaded that 

many of the Sections hitherto published, have conveyed to the mind nearly as much error as 

truth. A Section which exhibits only the truth, so far as the observer has ascertained it from 

actual examination, forms too naked and uninviting a sketch to satisfy the taste or ambition of 

many. Hence the imagination and the painter are taxed to make up the deficiency. 
In the Sections appended to this Report, howe,·er, I have endeavored to present the dip and 

1uperposition of the rocks, only so far as I have determined these points from actual observation, 

\Vhere, for instance, I have not seen the actual junction of different rocks, I have left a blank 

space between them. Notwithstanding these precautions, I am afraid that these Sections will 
convey some erroneous impressions. 

The principal object of these Sections is to exhibit the actual dip of the strata; and this I have 
endeavored to give without reforcnce to the distortions of the surface. 

4. .ll.xes of Elevatio11 and Depressio11. 

Although we have several distinct systems of strata in Massachusetts, yet the anticlinal and 

synclinal axes are few and not well marked. Strictly speaking, I have traced out but one of the 

former, unless we regard the summit of Hoosac Mountain as another. But I have in another 

place attempted to show that this may be a folded axis with inverted strata; and it does not seem 

proper to call this an anticlinal axis. Hence I have marked the axes in the State on the Map, as 

Axes of Elevation and Depression. 
The Axis of Elevation above mentioned, runs along the gneiss region a little west of the 

valley of Worcester. The westerly dip, as we pass westward from that line, soon becomes con
siderable: but the easterly dip, till we reach Worcester valley, is very small. Yet I cannot but 

conclude that a real anticlinal axis runs near where I have marked one on the Map. Towards 

its southern part, it is interfered with by a N. E. and S. W. system of elevalion, extending 

northeasterly to the mouth of Merrimack river. That system has a very uniform northwesterly 

dip; but the same dip continues until we reach the unstratified rocks along the eastern part of 

the State; and those rocks probably form the axis of a system of strata, whose southeastern side is 

covered by the ocean, or removed by denudation. The same thing ~eems to be true of the strata 

of gneiss and graywacke running cast and west in the eastern part of the State. \Yhethcr an 

anticlioal axis will be found in Rhode lsland, or Connecticut, answering to the strata in Massa

chusetts, on the borders of those States, running N. W. and S. E. and dipping N. E., Jam un

able to say. I suspect, however, that that strike and dip prevail over a considerable part o£ 
Rhode lsland. 
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I have marked on the Map two synclinal axes. The most westerly runs through the valley 
of the Connecticut. In this case, however, I refer chiefly to the primary strata on opposite sides 

of the valley i for the dip of the sandstone is uniformly to the east across the whole valley I 

suppose the sandstone to have been deposited, not till after the formation of a valley of depres

sion: then only the primary strala on the west of the valley subsequently experienced an up
heaving, which tilted up the sandstone on that side only. I do not find evidence that this syn

clinal axis extends entirely through this valley: for to the north of Turner's Falls, the primary 
strata, which here occupy most of the valley, all dip easterly. 

The other synclinal axis passes through the valley of Worcester. Here is a good deal of un
certainty as to tbe exact line along which it ought to be traced. I have drawn it in a curved 
direction, as near as possible to the place where the rocks are tilted up in opposite directions. 
But the dip is very irregular along that line ; and on the west side it is very small. Yet at no 

great distance on both sides of the synclinal axis which I have drawn, the predominant dip is in 
opposite dir~ctions. On the east side it is niuch the greatest; and the principal upheaving force 
seems to have operated there. 

5. Systems of Strata. 

When the strike and dip of the rocks over any considerable districts are 
traced out and placed upon a Map, we usually find more than one system 
of strata, each occupying a particular region. The strike and d:p of the same 
system have a general agreement ; unless an anticlinal axis pass through it, 
when the dip will be different on opposite sides of this line. We find, for 
example, one set of strata running north and south, and dipping east: 
another running east and west, and dipping north; a third, whose strike is 
northeast and southwest, and its dip northwest. Where these systems inter
sect, a good deal of confusion often results. But sometimes the latest system 
crosses the older ones, and manifests itself in distinct districts, separated by 
patches of the older systems along the same general course. 

We owe it to the masterly generalization of some modern geologists, es
pecially Elie de Beaumont, that we are able to assign as a cause of these 
phenomena, that the different systems were elevated at different epochs, by 
forces acting along extended lines. In other words, geologists are now able 
to solve the sublime problem, which determines the relative ages of different 
systems of strata and chains of mountains. 

I think we can trace in Massachusetts six distinct systems of strata, which 
were tilted up at various epochs. The almost entire absence of most of the 
newer strata in this State, however, throws a great difficulty in the way of 
settling the exact order in which these systems were thrown up. I shall 
now present a brief view of these systems, in the order of their age ; begin
ning with the oldest: although in respect to some of them, the evidence as 
to their age is extremely slight. 

90 
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1. The Oldest Meridional System. 

1 embrace in this system all the primary rocks lying between the vall'eys of the Connecticut 
and Worcester, except a small patch in the southeast part of the range. l call it meridional, be~ 
cause the strike of the strata is usually not far from north and south j though the general course 
is in fact several degrees east of north. 1 consider this system the oldest in the State for the 
following reasons. In the first place, it appears to have been elevated before the deposition of 
the new red sandstone in the valley of the Connecticut: for the dip of that rock throughout is 
easterly. Consequently this sandstone must have been lifted up by a force acting beneath its 
western edge: the same force that elevated the prima-ry region oi Hoosac Mountain: and, there
fore, this latter mountain must have risen at least in part at a later epoch than the primary range 
east of Connecticut river. Ju the second place, we find the mica slate of Worcester and Merri .. 
mack valleys dippjog at. a much greater angle ()n their southeastern than their oorthwcsteru. side; 
which affords a presumption, though no certain proof, that the ridge on the east side has been more 
recently elevated than on the other side. The rocks on the eastern side run N . E. and S. W. and 
form a very distinct system. Jf I mistake not, this sy~tem extends west of the valley of Wor
cester, and has interfered with the Oldest. Meridional System, throwing the strata into a N. E . 
and S. W. direction; though not a little irregularity in their strike and dip exists. Tb.is fact 
shows that the northeast and southwest system \US more recently elevated than the meridional 
system. I conclude, therefore, that the latter is the oldest in Massachusetts; because it is older 
than the Hoosac Mountain range and the northeast and southwest system, above referred to. For 
I think it will be rendered probable in the sequel, that all the other systems are more recent .. 

I have reason to suppose that this system extends northerly, so as to embrace the highest land 
in New England, viz. the White l\lountains of New Hampshire. In thi11 I may be mistaken; 
as the careful examinations necessary to establish this point, have not yet been made. 

2. Northeast and Southwest System. 

The gneiss range occupying the southeast part of \Vorcester County, the central parts of 
Middlesex, and a part of Essex, exhibits more uniformity of strike and dip than any other range 
in the State. The mica slate connected with it on its northwestern side, has more irregularity 
in its position; and as we enter the valley of the Merrimack, the strike becomes nearer to east 
and west. Still I caonot doubt th.is rock. belon~s to the $.a.me system as the gneiss. And yet I 
strongly suspect that the mica slf\te m~y be found to be less tilted up than the gneiss; which 
would show that the latter was partially elevated before the deposition of the former. A portion 
of the graywacke strata, along their northwestern border belongs also to this system. But in 
scarcely any place <lo. the gneiss and grap'i'acke come in contact; and, therefore, we have no 
reason to infer that the latler passes beneath the former; a..s I suppose to be the case in Betksbire 
County and New York. 

I think that any one who will examine the strike antl dip of the various deposits of graywacke 
in Massachusetts, whether he examines them in the field or in the details which I have given 
on this subject on page 539, will conclude the most distinct system of strata to be that under 
consideration. And though it is difficult to avoid the conclusions that an east an<l west as well 
as a northwest and southeast system appear in the formation, yet throughout the whole of it, 
there seems to be a tendency, if I may so express it, towards a northeilst and southwest system. 
These considerations have led me to the conclusion that the Jatter is the oldest system, and that 
the others are rather subordinate systems; which appeared subsequently and broke up the regu
larity of the first; wheeling the strata round more towards an east and west strike. These are 
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tertainly very equivocal proofs that the northeast and :::outhwest system is the oldest: but l can 

discover no hE=tter ones by which to settle the age of thi6 system. 

The northeast and southwest system corresponds in direction almost exaclly with that of the 

principal ridges of the Appalachian and Alleghany Mountains, in the Middle and Southern 

States ; and also with those ranges that stretch from New England northeasterly, almost to 

Labrador. I incline decidedly to the opinion, tbat these ridges, although nearly parallel, embrace 
nt least two distinct systems of elevation. But J cannot doubt that one of these systems is an 

extension of that which I call the Northeast and Southwest System in Massachusetts; and I sus· 

peel it to be that system of primary rocks, which, in the Middle and Southern States, succeeds 
immediately on the northwest to the secondary and tertiary groups. Gneissistherea predominant 

rock; and often at least dips to the northwest. As we go northeast from Massachusetts, we find this 
11ystem extensively <leveloped in Maine after getting beyond Casco river. According to Dr. C. 
'f. Jackson, it continues even to the northeast extremity of the State. (First Report on tlu Ge
ology of Jtlaine, P· 63,) and l doubt not but it will be found to extend even to Labrador. It mny 
be, also, that the nearly parallel strata of gneiss, mica slate, &c. extending along the north shore 
of the St. Lawrence, even as far West ns Lake Huron, belong to the same system. This is the 
Pyreneo-Appenine System of Beaumont; and he supposes that it not only embraces the Appala
chian Mountains of the United States, but also the Pyrenees, a part of the Appenines, the moun
tains of the Morea, and the Hartz mountains in Europe; Mount Atlas in Africa; and Mount 
Carmel, Sinai, the Caucasian and Ghaut Mountains in Asia. But it will surely require far more 
extended and accurate observations than have yet been made, in these widely separated parts of 
the world, before such a generalization as this can be admitted. 

S. East and West System. 

The oldest stratified rock in this System, is the gneiss around New Bedford; whose predomi
nant strike is east and west, and the dip 11orth. The only other stratified rock embraced in it, is 
the graywacke: a large part of which corresponds in strike and dip to the gneiss just mentioned. 
At least, l do not find the dip of the gra.ywackc so decidedly less than that of the gneiss, as to 
forbid the idea that they are of cotemporaneous elevation. A large part of the sienite, porphyry, 
and greenstone, extending across the eastern part of the State, appears to be connected with this 
system. Indeed, were it not for the east and west direction of some of the ranges of these un• 
stratified rocks, l should doubt whether there were sufficient evidence that the stratified rocks 
above described, ought to be regarded as a distinct system, or the result of local deflections in the 
northeast and southwest systems. But when we find the porphyry range on the north of Boston, 
and especially the Blue Hills on the south of Boston, the highest ridge in the eastern part of the 
State, running east and west, it seems difficult not to admit the east and west system to be indepen
dent of all others: especially when we find, south of the Blue Hills, as in Sharon, Foxborough, 
and other places, some unstratified ridges, such as the Moose Hill range, which is 400 feet high, 

running N. E. o.nd S. W.; and thus corresponding to the graywacke in the intervening valleys. 
The very imperfect evidence from which I have inferred the system under consideration to 

have been elevated :rnbsequently to the northeast and southwest system, has been already pre
sented. Whether this system exists in other parts of our country,] am unable to determine. 

So far as we can judge from the direction of mountain ranges, such a system must be more rare 
than any other. 

4. Hoosac Mountain System. 

This system embraces a.II the rocks between Connecticut and Hudson rivers, excepl the trap 
and new red sandstone near the former. The strike is usually several degrees east of north and 
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west of south ; being parallel to the oldest meridional system. But as stated in another plac(.', 
the Hoosac ~fountain system appears to have experienced a vertiral movement sinre the de
position of the new red sandstone: whereas we ha,·e little or no evidence of any such move
ment in the oldest meridional system. I therefore infer the former lo be the newest. But a:; to 
the relative age of this system, and that of the cast and west system, already described, we hnve 
no means of deciding; because they no where come in contact, and are separated by n wide 
area. \\-e might, perhaps, raise a presumption that the Iloosac Mountain system is the newest, 
from the fact that it has experienced a vertical movement since the deposition of the new red 
sandstone; whereas the cast and west system has elevated only the graywacke. But un· 
fortunately the new red sandstone does not exist in lhr. region where the latter system prevails. 
If I am not mistaken, howe\'er, in supposing a part of what is marked upon the Geological l\Inp 
as graywacke, to be the coal formation, we shall have the rock next older than the new red 
sandstone tilted up, as a part, both of the east and west and the northeast and southwest sys· 
terns ; and hence it is very probable that had the new red sandstone existed there, we migbl find 
that elevated also. 

The system under consideration embraces that extensive series of vertical and inverted strata, 
extending in width from the Connecticut to Hudson rivers, and forming several folded axes. 1 
have already given so full an account of this series of strata, that nothing further need be added 
here. That it extends from Canada to Tennessee 1 have little doubt. Along the western part 
of New England, and the eastern part of New York, its general strike does not vary many de· 
grees from the meridian. But south of Connecticut, it curves towards the west, and continues 
almost a southwesterly course nearly to the Mississippi; embracing the western part of the Alle
ghany Mountains. I suspect it to be the most extensive system on the Continent. It would not 
surprise me if it should be found to extend southerly far into South America, and northeasterly 
into Labrador. 

5. New Red Sandstone S.jsttm. 

This System embraces only the sandstone and trap in the valley of Connecticut river. Per· 
haps I ought to have included il in the Hoosac Mountain System. For I have little doubt but 
the elevation of the sandstone 'vas due to the 1atest vertical movements of the Hoosac Mountain 
System. But as the latter had obviously attained its principal elevation before the deposition of 
the sandstone, and as a part of the present inclination of the latter is due to the agency of the 
trap, at least in several localities, I have separated this system from the Hoosac Mountain Sys
tem. For l have regarded a general correspondence of dip as essential to bring rocks into the 
Hme system ; although this may be a more limited sense of the term than has been usually 
adopted. In the present case, also, I think that there is not a perfect parallelism between the 
sandstone and the mica slate of the Iloosac range : for the sandstone appears to me to run more 
to the east of north and the west of south, than the mica slate on which the sandstone rests 
unconformably. 

A similar new red sandstone, accompanied with trap, is found in Nova Scotia, New Bruns· 
wick, and the northeast part of l\faine: al~o in New Jersey, and extending from thence through 
Pennsylvania, Maryland, and Virginia, into North Carolina. The strike and dip of the strata, 
however, do not correspond geoerally with those of the Massachusetts saudstone; and therefore, 
perhaps these deposits cannot properly be referred to the same system of strata, though most 
likely they are of the same age. 

6. Northwest and Sautheast System. 

It will be seen by Plate 53, that this system occupies less surface in Massachusetts than any 
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other. I have marked it 011ly in the southern part of the State, upon the borders of Rhode 
Island. But I have reason to believe, from what I have seen of the primary rocks in the latter 
state, that this system JS more widely developed there than in Massachusetts. The strata em
braced by it are chiefly of gneiss; though we sometimes find the graywacke with a correspond
ent strike and dip: but whether belonging to this system I cannot say. The strike of the sys
tem is pretty uniformly N. W. and S. E. and the dip N. E,but rather moderate. 

In the town of Warwick the mica slate and hornblende slate often approach in their strike and 
dip to this system, as they do in Winchester, the town in New Hampshire north of Warwick. 
Possibly the strata there may belong to the northwest and southeast system: for the strike of 
the strata in the southeast part of the State, prolonged northwesterly, would cross this region. 
Yet I am too much in doubt on the subject to reckon these rocks as a part of the system. I 
have less doubts in regard to a region extending nearly from Portsmouth in New Hampshire, to 
Saco river in Maine. If 1 do not greatly mistake, the strike and dip there correspond with those 
of the system under consideration. By referring to my description of the eocene tertiary strata 
at Gay Head, on Martha's Vineyard, it will be seen that their strike and dip correspond almost 
exactly to those of this system j and if we prolong its strike southeasterly from Sutton, Mendon, 
and Uxbridge, the line will come near Gay Head. I cannot but suspect, therefore, that the eocene 
tertiary of that spot was elevated at the same time as the older members of this system: and it is 
on this fact alone that I regard it as the most recent system in the State. 

Northwest and southeast is an unusual direction for a mountain ridge in the United States, or 
any otber parts of North America. But Dr. Richardson has described the northern parts of the 
Rocky Mountains, in the northwest part of the country, near the Northern Ocean, as composed 
of four chains of primary rocks, having nearly a nortlrn.·est and southeast direction: and that 
region lies nearly northwest from Massachusetts, reckoning upon a great circle. I merely men
tion the fact, however, without regarding it as any decisive proof that strata so remote from each 
other have a connection. The thing, however, is not impossible. 

It is an interesting fact, that where the northwest and southeast system 
intersects the northeast and southwest system, on the borders of Rhode 
Island, is one of the most metalliferous spots in New England; and that the 
evidence of metamorphic agency is perhaps more striking here, than any 
where else in Massachusetts, Rhode Island, or Connecticut. These effects 
are just what we might expect by the principles of geology; since the strata 
must be exceedingly fractured in such a place, and thus make way for the 
egress of internal heat and sublimated matters. 

Some other facts relating to the tertiary and newer secondary strata on 
this continent, deserve to be mentioned in this connection. The labours of 
Professor Vanuxem, Dr. Morton, Mr. Conrad, and others, have shown that 
as we go souther! y from New York, the tertiary and chalk formations first ap
pear on the continent in New Jersey, and from thence extend through all the 
middle and Southern States, as far as Alabama, and even as far northwest as 
Missouri. Along the eastern part of the United States, their extent is more 
than 2000 miles. And throughout their whole extent, they continue to rise 
higher and higher upon the primary rocks, from New Jersey to Alabama. 
At the north part of New Jersey, they pass under the ocean; but the tertia-
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ry strata reappear in Long Island, and in great distinctness at Gay Head 
ontMartha's Vineyard. Still farther to the northeast, some of the higher 
members of the tertiary, or perhaps only diluvium, show themselves on 
Nantucket. But beyond that island, no tertiary strata of consequence have 
been found, until we reach the coast of Greenland. (Morton's &jnopsis ef 
the Organic Remains of the Cretaceozis Gro1p of the United States : 1894 : 
.B.lso Beaumont's Recherches s11r quelques-unes des Revolutions de la Surf ace du 
Globe: ISSO.) Passing south from the United States, we find tertiary strata 
in the West Indies. In South America, the chalk formation shows itself, and 
constitutes, indeed, all the secondary rocks of the Andes, from 10° North 
Latitude to 15° South Latitude. (Petrifications reetteillies in .B.merique, ~c. 
decrites par Leopold de Buch, p . 18. Berlin, 18S9.) This formation is found 
in some places, according to the same author, nearly ISOOO feet above the 
ocean : in others, from SOOO to 9000 feet. Hence it seems probable, that 
this formation gradually ascends southerly from the vicinity of New York, 
until south of the equator it has reached a great height. And it seems to 
justify the opinion of Beaumont, that this continent has experienced a sort 
of see-saw movement, (nwuvement de basettle,) whereby its northeastern 
parts have been depressed, and its southwestern side elevated. Beaumont has 
founded his opinion upon the situation of the chalk and the tertiary strata in 
North America. But the additional facts respecting the chalk formation of 
the Andes, confirm and render more striking his conclusion. It is, indeed, 
an astonishing example of the immense scale on which subterraneous move
ments have taken place: and it leads us to anticipate, that when the rocks 
of this continent shall be fully explained, we shall have a most magnificent 
illustration of the geology of the globe. 



PART IV. 

ELEMENT ARY GEOLOGY. 

I have been often reminded that many readers of my Report on the Geology of Massachu
setts, would find it convenient to have a summary of the essential principles of that science ap
pended to it. The government have so far approved of this suggestion, as to allow me to an
nex the following brief outline. As I prepared it, it was much more extensive; and being: a 
gratuitous labor on my part, I had liberty to print the whole in a separate form. This has 
been done: and if any readers desire a fuller account of geology than what follows, they will 
find it in that work; as well as in many others that have been recently published. I have made 
frequent reference to the most valuable of these in the following pages. 

I have arranged the subject under short heads ; such as Deji11itio11, Principle, Description, I~
ference, Remark, Proof, &c. whose abbreviations will be readily understood. This is done chief
ly for the sake of brevity and definiteness. Some of the most important principles and infer .. 
ences are given in larger type. 

SECTION J.-A GENERAL ACCOUNT OF THE CONSTITUTION AND STRUCTURE OF 

THE EARTH, AND OF THE PRINCIPLES ON WHICH ROCKS ARE CLASSIFIED, 

D~finition. Geology is the History of the mineral masses that compose 
the earth, and of the organic remains which they contain. 

Def. Every part of the globe, which is not animal or wgetable, including water and air, is 
regarded as Mineral. 

Def. The term Rock, in its popular acceptation, embraces only the solid parts of the globe: 
but in geological language, it includes also the loose materials-the soils, clays, and gravels
that cover the solid parts. 

Principle. The form of the earth is that of a sphere, flattened at the poles: technically, an 
oblate spheroid. The polar diameter is about 26 miles shorter than the equatorial. 

I1iference. Hence it is inferred that the earth must have been once in a fluid state; since it 
has precisely the form which a fluid globe, revolving on its axis with the same velocity as the 
earth, would assume. 

Prin. Taken as a whole, the earth is about five times heavier than water; or 2 1-2 times 
heavier than common rocks. 

111fere11ce. We hence learn that the density of the earth increases from the surface to the 
center: but it docs not follow that the nature of the internal parts is different fro1n its crust. 
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For in consequence of condensation by pressure, water at the dt:pth of 362 miles, would be as 
heavy as quicksilver, and air as hea,·y as water,at 34 miles in depth: while at the center, steel 
would be compressed into one fourth, and stone into one eighth of its bulk at the surface. 1111'1. 
Someruille's Connection of the Physical Sciences. 

Stmtifi,catio11. 

Def. The rocks which compose the globe are divided into two great 
classes, the STRATIFIED and UNSTRATIFIED. 

Def. Stratification consists of the division of a rock into regular massl!s, 
by nearly parallel planes, occasioned by a peculiar mode of deposition. 
Strata vary in thickness from that of paper to many yards. 

Def. The term Stratum is sometimes employed to designate the whole mass of a rock, while 
its.parallel subdivisions ai-e called beds or layers. The term bed is also employed to designate 
a layer, whose shape may be more or less lenticular, or wedge shaped, included between the lay
ers of a more extended rock; as a bed of gypsum, a bed of coal, a bed of iron, &c. In thls 
case the bed is sometimes said to be subordinate. 

Def. When beds of dilferent rocks alternate, they are said to be interstratified. 
Def. A seam is a thin layer of rock that separates the beds or strata of another rock: Ex.gr. 

a seam of coal, of limestone &c. The term is also employed sometimes in this country to des
ignate theioterval or crack between two contiguous beds. 

Descrip. A bed or stratum is often divided into thin laminre, which bear the same relation 
to a single bed, as that does to the whole series of beds. This division is called the lamination 
of the bed ; and always results from a mechanical mode of deposition. The appearanee of fis
sility which it gives to a rock, is often deceptive; since the layers separate with great difficulty. 
This is especially true in gneiss. 

Descrip. The lamination is sometimes parallel to the planes of stratification ; sometimes they 
are much inclined to each other i and often it is undulating and tortuous. 

Fig. 202 shows the different kinds of lamination. 

Fig. 202. 

Without Laminae. 

With waved Laminae. 

Origin of the varieties of Lamination. 

Causes. All the lamination of stratified rocks was undoubtedly produced originally by depo
sition in water, and the varieties have resulted from modifying circumstances. 1. The parallel 
laminae are the result of quiet deposition upon a level surf.ice. 2. The waved lamination, in 
many instances, is nothing but ripple marks ; such as are seen constantly upon the sand and mud 
at the bottom of rivers, lakes, and the ocean. In the secondary rocks this is too manifest to be 
mistaken. 3. The oblique lamination has generally been the result of deposition upon a sleep 
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shore, where the materials are driven over the edge or an inc1iaed plane. 4. Highly contorted 

lamination has resulted from lateral and vertical pressure, as illustrated by Fig .. 203 

Fig. 203. 

c 
Ill.s. If pieces of doth of different colors be placed upon a table c, and covered by a weight, 

a, and then lateral forces b b1 be applied; while the weight will be somewhat raised, the cloth 

will be folded and contorted precisely like the laminae of many rocks ; as is shown in the 
figure. 

Prin. The agency of water and heat is sufficient to bring rocks, in nearly every known e~e, 
into that plastic state which is necessary to make them bend without breaking. 

Descrip. In clay beds containing disseminated carbonate of lime; we frequently find nodule• 

of arglllo-calcareous matter, sometimes spherical, but more usually Jlattened. These are gener

ally called Clayst011es, and the common impression is, that they were rounded by water. Dot 
they are uiv1uestionably the result of molecular attraction. Th~ slaty divisions of the clay often 

extend through the concretions: and on splitting them open, a leaf, or a fish, -or some other or
ganic relic, is frequently found. In New England, however, both the slaty cleavage and the or
ganic nucleus are usually wanting. 

Fig. 204, will com•ey an idea of the manner in whi('h these concretions are situated io the 

clay. 
Descrip. The internal parts of these concretions of limestone anJ. hydrate of iron, often ci

hibit numerous cracks, which sometimes divide the matter into columnar masses, but more fre
quently into irregular shapes. When thest! cracks are filled wlth calcareous spar,as is often the 

case in calcareous concretions, they take the name of Ludus Helmontii, Turtle Stones, or more 

frequently of Septaria. From these is prepared in England the famous Roman Cement. Fig. 

205, is a section of one of these. 

Fig. 205 . 

• \ Descrip. Certain limestones called Oolites, are orten almost entirely composed oC concretions 
made up of concC'ntric layers: but the spheres are rarely so large as a pea. 

Descrip. The concretionary structure, however, often exists in limestone on a very large 

1cale, forming spheroidal masses not only many feet, but many yards in diameter. 

Divisional Structures. 

Def. Both the stratified and unslratified rocks are traversed by divisional planes called 

91 
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joints; which divide the masses into determin:ite shapes, which nre different from beds and their 
laminae. Those only which occur in the stratified rocks will be here noticed. 

Descrip. The most important of these joints failed masterjoints, arc more or less parallel, 
and so extended as to imply some general cause of production. 

Descrip. When these joints cross the beds obliquely, as they usually do, and there arc two 
sets of them, they di,·ide thP- rock into rhomboidal masses of considerable regularity; though 
wanting in that pe(fect equality in the corresponding angles of the prisms which is found in 
crystal:; of the same mineral substance, 

Cleavage, 

Descrip. Some rocks are divided by a set of parallel planes, coincident neither with the str:lt
i6cation, the lamination, nor the joints. These are called cleavage planes, because they ate sup
posed always to result from a crystatinc arrangement of the particles of the rock, superinduced 
after its original deposition. 

Descrip. This cleavage is most common in argillaceous slate, and in many cases constitutes 
its slaty structure. But ill many instances this structure i·s the result of original deposition, and 
c.orresponds to, or rather constitutes, the lamination. This is particu!arly true of the finer slates, 
both argillaceous, micaceous, takose and chloritic, in this country. Lyell's Elements of Ge
ology, p. 238. 

Dtscrip. The cleavage planes are often inclined to the planes of stratification and lamination 
at an angle of soo or 400, and sometimes the two planes dip in opposite directions. The cleav
age planes are remarkable for their almost perfect parallelism, while the strata and their laminae 
are usually contorted. 

Fig. ~06, exhibits a set of cleavage planes crossing the curved.strata in the slate rocks of Wnle•. 

Fig. 206.. 

In Fig. 207, are exhibited the planes of stralif:cation B B, B B, the joints A A, A A, an<l tl\o 
ol&ty cleavage, d d. 

Fig. 201. 
d A A 

A A d B R 
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Descrip. The unstratified rocks oc
cur in four modes. I. As irregular 
mas-;es beneath the stratified rocks. 
2. As ve'ns crossing both the stratified 
and uns ·ratified rocks. S. As beds or 
irregular masses thrust in between the 
strata. 4. As overlying masses. All 
these modes are shown in Fig. 207. 

Def. Veins are of two kinds : 1. Those o( 
segregation : 2. Those of injection. The former 
appear to have been separated from the general 
mass of theTOck by elective -affinity, 'vhen it WB! 

in'&. fluid state; and consequently they are of the 
same age as the rock. Hence they are <>fien 
·called contemporaneous veins. 

Def. The second class were once open fissure.!, 
which at a subsequent period, were 'filled by in
jected matter. 

Descrip. Injected veins can often be traced lo 
a large mass or similar rock, from which, as tbey 
l_Jroceed, they oflen ramify atH. become exceed
ingly fine, until they are lost. Usually, es
pecially in the oldest rocR:s, they are chemico.Uy 

Fig. 20s. 

Gr4nito Yti111 i" Honi6/e"tk irate, C"nuc4'l, E11.z. 
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Descrip. Veins and dikes usually cross the strala at various angles of obliquity. But not 

unfrequently, for a part of their course, thf!y have been intruded between the str!lta; and hence 
have been mistaken for beds, and have given rise to the discussion whether granite was not 

·stratified. 
Descrip. Dykes are usually nearly straight; but granite veins arc sometimes very tortuous. 
Descrip. In modern volcanos the lava is ejected from circular vents, called craters. But 

the older unstratified rocks, although evidently of volcanic origin, appear to have been protrud~ 

ed along extt'nded fissures, either across the strata, or ir1 the same direction as tht:ir strike. 1t 

is possible, however, that craters did once exist, and have been swept away by powerful de

nudation of the surface. 
Def. An interesting variety of jointe~ structure in some of the unstratified rocks is the pris

matic or columnar, by which large masses of rocks are divided into regular forms, from a fow 

inches to several feet in diameter; but with no space between them • 
.Descrip. The layers of the stratified rocks are sometimes horizontal; but more frequently 

they are tilted up, so as to .dip benP.ath the horizon at every possible angle. 
Def. The angle which the surface of a stratum makes with the plane of the horizon 

is c~lled its inclinatiun or di.p; and the direction of its upturned edge is called its slrike or bearing. 

Descrip. As a general fact the newer or higher rocks are less inclined than those below. 
The highest are usually horizontal ; while the oldest are often perpendicular. 

Deurip. The instrument employed for ascertaining the dip of a stratum, is called a Clfoom
eter. Every geologist, however, ought to be able to determine the dip with sufficient accuracy 
for most purposes by the eye. A good pocket compass will answer for finding the strike. 

Des. UnstratifiPd rocks do not probably occupy one tenth part of the earth's surface. 
Prin. These rocks, however, we have reason to suppose, occupy the internal parts of the Par th 

to a. great depth, if not to the center; over which 1he stratified rocks are spread with very une· 
qual thickness, and in many places are entirely wan ling. 

Explanation. Fig. 207, will convey a better idea than language, of the relative situation of 
the two classes .of rocks. The different groups of stratified rocks, viz. Alluvium, Diluvium, 
Tertiary, Secondary and Primary, are here shown resting upon one another, and upon granite be
neath. This granite, also, is shown protruding to the surface; and upon its side lie the stratified 
rocks highly inclined: ;eins of sienite, porphyry, trap, serpentine and lava, are also shown 
protruding through the granite, and coming from beneath it; as they must do, because they have 
been erupted since the granite. Veins of sienitic granite of a posterior date are likewise shown~ 
penetrating the stratified rocks to the top of the secondary strata, which is the most recent gran-. 
ite yet discovered. The sienites and porphyry rise no higher than the top of the secondary: but 
the trap rises to the top of the tertiary; and finally, modern lava overspreads alluvium. The 
stratified rocks are represented as inclined at different angles; the lowest being the most tilted 
up. Although, therefore, this is qot a section of any particular portion of the earth's crust, yet 
it will give a correct idea of the relative situation uf th~ groups both of stratified and unslrati .. 
fieJ rocks. For a much larger and more detailed section of this sort, see Buckland's B1idgwater 
Treatise, Plate l · 

lbrmations. 

Def. Each rock, in its most extended sense, consists of several varieties 
agreeing together in certain general characters, and occupying such a rela: 
tive situation with respect to one another, a• to show that all of them were 
formed under similar circumstances, and during the same geological period. 
Such a group constitutes a Formation. Ex. gr. Graywacke Formation, 
Gneiss Formation &,c, 
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Def. This term often embraces several distinct rocks, when there is reason to &uppose them 

the result of the same geological period. 

Fig. 209. will give an idN of the English Lias formation lying between the Oolite formation 

above, and the red sandstone formation beneath. 

Def. When the planes of stratification are parallel to one another in different formations, 

the stratification is said to be c011/ormable : when not parallel it is unc011/ormable. 

Fig. 209. 

Upper liae shaleo, 

d~,'.~ ~::-~: Marlstone, 

Lia1 formation. Middle lias shale., 

C-· - - -- ~=-=· -:. :.:.: -
b~ ~-~= Lias limestones, 

,~§§§~Lower liu abale1. 

Ducrip. The stratification in different formations is usually unconformable, as ia shown la 

the position of the secondary and primary formations in Fig. 208. 

Inf. It is hence inferred that the strntified rocks were elevated al different epoch•: in other 

words, those formations which are the most highly inclined, must have been partially elevated 
before the others were deposited upon them. 

Deacrip. These numerous elevations or the strata have produced in them a great nriety of 
cracks, fissure•, and slides. 

Def. When the continuity of the strata is interrupted by a fissure, so that the same 1lraturn 
is higher on one side than on the other, or has been slidden laterally, that fisaure i.a called a 

fault, or a trouble-a slip-a dyke, &c: as a, b, c, d, Fig. 210. 

Fig. 210. 

Def. If the fissure is open and of considerable width, and is succeeded at each extremity by a 

wider valley, it is ca1led a gorge, as c 

Def. If it be still wider, with the sidts sfoping or rounded at the bottom, a valley is prod1.1-

ced; as d. 
Prin. In a similar way most of the vallies or primitive countries, were formed. 

Dtj. The line forming the top of a mountain ridge, or running through a valley, along 
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which the strata dip in opposite directions, is called au antfrl:nal line, or crnliclillal axi!: as at a, 

Fig. 2!1, and b, Fig. 212. 
Fig. 211. Fig 212. 

-~·~ 
~~ 

Def. When the strata dip towards this line on each side of it, it is called a aynclinal li11e, or 
a:ris, as alb, Fig. 211. 

Classification of !locks. 
Deurip. If we suppose ourselves placed ia a meadow which has resulted from the successi.-e 

deposits of annual floods, and begin a perpendicular excavation i1 to the earth, we shall pass 

through the different classes or rocks in the following order. 
Def. For a few feet only-rarely as many as 100, we shall pass through layers of loam, sand, 

and fine gravel, arranged in nearly horizontal beds. This deposit, from an existing river, is de
nominated Alluvium. 

JJ,f. All deposits from causes now in action, which have takeh place since the present or
der of things commenced on the globe, are usually regarded as alluvial. 

Def. The second formation which we shall penetrate, is composed of coarse sand and gravel, 
with fine sand and even sometimes clay, containing, however, lage rounded mas~es of rock cal
led Bo\,·lders; the whole mixed together, yet ofLen distinctly and horizontally stratified. This 
formation, evidently the result of powerful currents of water, is called Drift or Diluvium. It i1 
distinguished from alluvium, first by its inferior position; secondly, by the marks of a more pow
erful aqueous ogency; and thirdly, by extending over regions where no existing streams or 
other causes now in action could have produced it . 

Ob!. Some geological writers do not admit the existence ofDiluvium as a disti lCl formation, 
but include it all in the formations above or beneath. See Lyell'a Primiplea of Geology,pnssim. 

Def. The third serie3 of strata which we penetrate in descending into the earth, is composed 
of layers of day, sand, gra\·el, and marl, with occasional quartzose and calcareous beds more or 
less consolidated i all of which were deposited in waters comparatively quiet and in separate ba. 
liiiins. They also contain mar:y peculiar organic remains, and sometimes dip at a small angle, 
though usually they are horizontal. These strata are called Tertiary. 

Def. The formations which we penetrate after passing through the tertiary, are composed for 
the most part of solid rocks. They :ire, however, mostly made up of sand, clay,and pebbles, bound 
togt>ther by some sort of cement. With these are interstratified many varieties of limestone; 
and throughout the whole series is found a great variety of the remains of animals and plants, very 
difierent from those in the tertiary strata. These groups of rocks sometimes lie horizontal; but 
ere usually more or less elented, so as to make them dip at various angles. They are called 
Secondary Rocks. 

Ob!. lt will be seen that all the fossiliferous rocks below the tertiary are here included in the 
secondary class. 'Many geologists, e\·en to the present time, have separated some of the lower 

groups into a class named Transition, because they appear as if produced when the earth was in 
a transition slate from desolation to a habitable cor.dition, and have a texture partly mechanical 
end partly chemical I do not attempt to dt:fine such a class, because l cannot fix upon any 
characters by which it can be distinguished from tbe secondary strata 

JJef. The stratified,rocks below the secondary, are d:stinguished by the absence of organic 

remains, by having a structure more or less crystaline, and l1y being more highly inclined. 
They are called Primary Rocka. 



729 

Fig. 213. 

a, Cm<dSt"tain<h•-'ltp .. 

ar series, which hrings those -- . "" _.,, ... ,,., '" "':.:~: .: .. """" ·::::;; ... 
or more rocks ar q the order of arrang ass of granite; A, second-

""'"' Ooo ;o<o °"'"" ••< ; ;, "' "'"'"'-' m <>• "'"" '"'""' "'" 
o< ""' """-"";, F<;. '10, ""'"";, <: "'""' "'''" ••< '" F, m -"" ·~· Examp/es.se~~:ary' C, and te~tiary;ie~' ,;irectly upon the ~;;~ory, 
primary, B,. a11d the tertiary, D, omes in cont~ct will> . 
ary 'itse '~~:li~:!' deposit of diluvmm, E, c gran1 l 
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Fig. 215. 

Tabular View of the Stralified Rocks. 

Rem. The following Table affords a synoptical view of most of the Systems of Classification 

lhat have now been described. It should be recollected that these Systems have been mostly 
derived from the study of the rocks of Great Britain, and a part of the Continent of Europe. But 

in all their great outlines they are found to apply almost equally well to all other parts of the globe 

hitherto examined. This Table embraces only the stratified rocks. The unstratified class will 

teceive more attention in a subsequent Section. 
Inf From a careful examination of the following Table it appears that in all the essential 

principles of the classification of rocks, geologists are nearly agreed. They all admit one clas3 

to be stratified, and another unstratified :-one portion of the stratified rocks to be fossiliferous 

and another portion not fossiliferous. And they generally agree, also, as to the extent of the 
different distinct formations : although some would make their number greater than others-just 

as it is in respect to species in mineralogy, botany, and zoology. Now these three principles art 

all that are essential for classification; and some of the best geologists, as may be seen by the 

Table, limit themselves to these. But if others choose to subdivide the formations still farther, 
a11d to refer the groups to primary, secondary, &c. classes, even though they differ widely here, 
jt must not be hence inferred that they are at variance in respect to the essential principles of 
cl2Ssification. 
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SECTION Il.-THE CHE)IJSTRY AND MINERALOGY OF GEOLOGY. 

Descrip. Of the fifty-four simple substances hitherto discovered, sixteen 
constitute by their various combinations, nearly the whole of the matter yet 
known to enter into the composition of the globe. They are as follows, 
arranged in three classes, according to their amount; the first in each class 
being most abundant. 

I. Metalloids, the bases of the earths and alkalies. 

1. Silicium. 2. Aluminium. 3. Potassium. 4. Sodium. 5. Magnesium. 6. Calcium. 

2. Metals Proper. 

1. Iron. 2. Manganese. 
S. Non Metallic Substances. 

I. Oxygen. 2. Hydrogen. 3. Nitrogen. 4. Carbon. 5. Sulphur. 6. Chlorine. 7. Flu-
orine. 8. Phosphorus. De la Bechc's Researches in Theoretical Geolagy, p. 22. Am-
herst, 1837. 

Desaip. The metanic substances mentioned above, united with oxygen, constitute the great 
mass of the rocks, consolidated and unconsolidated, accessible lo man. Oxygen also forms 

twrnly per cent of the atmosphere, and one third part by measure of water. Hydrogen forrn,s. 
the other two thirds of this \alter substance j and il is nolved also from volcanos, and is known 

to exist in coal. Nitrogen forms four fiflhs of the almosphere, and enlers into the composition 

of animals, living and fossil. It is found also in coal. Carbon, however, forms the principal 

part of coal ; aud it exists likewise in the form of carbonic acid in the atmosphere, though in a 

less proportion than one per t·ent; and it forms an important part of all the carbonates, and i! 
produced where\·er vegetable and animal matters an~ undergoing decomposition. Sulphur is 

found chirfly in the sulphurels and sulphates that are so widely disseminated. Chlorine is found 

chiefly in the occnn, and in the rock salt dug out of the earth. Fluorine occurs in most of the 

rocks, though in small proportion. Still less is the amount of phosphorus, though widely dif
fused in the rocks and soils, and abundant in organic remains. 

Descrip. Nearly all the simple substances above menlioned have entered into their present 

combinal1ons as binnry compounds: that is, they were united, two and two, before forming the 

present compounds in which they are found. The following constitute nearly the \vhole binary 

compounJ::i of of the globe. 

1. Silica. 2. Alumina. Lime. 4. 1\.fo.gnesia. 5. Potassa. 6. Soda. 7. Oxide of Iron. 

S. OxiJ.e cf Manganese. 9. Water. 10. Carbonic Acid. 

Obs. IL is mcnnt only that tbese binary compounds, and the sixteen simple substances that 

have been enumerntcd, constitute the largest poi t of lhe knO\\ n mass of the globe: for many 

other binary compounds nnd probably all the lrnown simple &ub.itances are found in small quan

tity in tlie rocks; but not enough to be of impurt:ince in a geological point of ,·ie\V. 

Desrrip. lt has been calculated that oxy~en constitutes 50 per cent of the ponderable mat~ 

tcr of the globe, aud that its crust coatains 45 per rent of silica, :ind at least 10 per cent of al

umina. Potast:a. CQl1stitutes nearly 7 per cent. of the unstratified rocks, and enters largely ioto 

92 
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the composition of some of the stratified class. Soda forms nearly six per cent, of some basalts 
and other Jess ex.tensive unstratified rocks; nn<l it enters largely into the ccmposition of the 

ocean. Lime arid Magnesia are diffused almost universally among the ·rncks in the form of sili
cates and carbonates-the carbonate of lime having been estimated to fotm one seventh of the 
crust of the globe. At least three per cent. of all known rocks are some binary combination of 
iron, such as an oxide, a sulphuret, a ca.rburet, &c. Manganese is widely diffused, but forms 
much less than one per cent. of the mass of rocks. 

Descrip. Eight or n~ne simple minerals constitute the great mass of all known rocks:. These 
are 1 Quartz.,2 Feldspar, 3 Mica, 4 Hornblende, 5 Carbonate of Lime, 6 Talc, embracing cblo
rite and soapstone, 7 Augite, 8 Serpentine. Oxide of iron is also very common; but it does 
not usually show itself till the decomposition of the rock commences. 

lJescrip Water constitutes a part of near}y all rocks; but in most cases it appears to be 
mechanica1ly combined; for with one or two exceptions, it does not exist in the simple miner
als that enter into the composition of rocks. 

Geological Situation <!f 11seful R.ocks and .Minerals. 

Pri11. The rocks and minerals useful in an economical point of view, are in a few instances 
found in almost every part of the rock series: but in a majority of cases, they are confined to 
one or more places in that series. 

Examples. 

Jfarl, or a mixture of carbonate of lime and clay, is confined to the alluvial and ter~iary stra
ta: and differs from many varieties or limestone, only in not being consolidated. 

Limestone, from which every variety of Marble, one variety of alabaster, and every sort of 
quicklime are obtained, is found in almost every rock, stratified and unstratified, below 
diluvium. Ju the oldest strntified rocks and in the unstratified, it is highly crystaline; 
and in the newest strata (ex. gr. chalk) it is often not at all crystaline. The most esteemed 
marbles are obtained from the newer primary and older secondary strata. 

Sulphate of Lime, or Gypsum, which produces one variety of alabaster, and is employed for 
taking casts, forming hard mortar, and spreading upon land in the state of powder, occurs chiefly 
in the new red sandstone series. H is found also in the Lias, Oolite, Green Sand, and Tertiary 
strata. Jn this country it is found associated with the oldest of the secondary (transition) rocks. 

Rock Salt, (Chloride of Sodium) is frequently found associated with gypsum in the new red 
sandstone. ]t occurs also in the ~upcreretaceous or tertiary strata; as in Sicily: at the celebra· 
ted deposit at \Vieliczka in Poland, at Zipaquira in South America; and Cardona, in Spain, in 
cretaceous strata: in the Tyrol, in the Oolites ; and in Durbam 1 in England, salt springs occur in 
the coal formation. Jn this country they proceed from still older rocks. Buckland's Bridge· 
water Trealis,,, Yo/. 1. p. 72. De la Beche's .lJfanual, p. 246 

Descrip. If vegetable matter be exposed to a certain degree of moisture and temperature, it 
is decomposed into the substance called Peal, which is dug from swamps, and belongs to the al
luvial formation. 

Lignite or Brown Coal, the most perfect variety of which is jd, is foun<l chiefly in the tertiary 
strata; sometimes in the higher secondary; and oippears to be peat which has long been buried 
in the earth, and has undergone certain chen1ical changes, whereby bitumen has been produced. 
It generally exhibits the vegetable structure. 

Bituminous Coal appears to be the sarr.e substance which has been longer buried in the earth, 
and. hos undergone still farther chlnges; though their precise nalure is not well known. ]b 
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principal deposit is in that part of the secondary series called the coal formation, or coal 
measures. But it occurs in small qua11tity in tl4c New Red Sandstone series, in England, Po

land, anJ Massachusetts: and in Scotland it is W{)rked in the lias limestone. A thick bed of it 
has also been found in the Plastic Clay of the Tertiary strata in Hesse. Prof. Conybeare's Re
port (1832) on Geology to the British .tlssociation,p. 390. Also, Pltilosophical .~laga::.ine, Vol. 

2. New Series, p. 101 a11d 108. 
The principal deposit of anthracite in Europe, is in the graywacke formation; and it is sup

posed that this ~ubstance is common coal which has undergone still farther changes and lost its 

bitumen. In this cou.ntry, however, there is reason to suppose that the vast deposit of anthra

cite in Pennsylvania, the lal'gest in the world, is associated with the common coal measures. 

See Prof. If. D. Roger's Second Annual Report on the Geological Exploration of the State of 

Pe11nsylva11ia, 1838. 

Graphite, Plumbago, or Blac!..· Lead, appears to be anlhracite which has undergone still 
farther mineralization : at least, in some instances, when coal has been found contiguous to igne

ous rocks, it is often converted into plumbago; and hence such may have been the origin of the 

whole of it. In the Alps plumbago is found in a clay slate that lies above the lias. (Anna/es 

des Sciences Naturelles, Tome XV. 1828. p. 377.J lt is found also in the coal formati-00. Traite 

Elementaire de :Mi11eralo9ie par F. S. &udant, 'I'ome 2.p 25'3. 
Descrip. Alf the varieties -of coal that have been described, occur in the form of seams, or 

beds, interstl'atified with sandstones and shales; and most usually there are several seams of coal 

with rocks between them; the whole being arranged in the form of a basin. Fjg. 216 

is a sketch of the great coal basin of South Wales, in Great Britian; which -contains 

twenty three beds of coal ; whose united thickness is ninety three feet . When we con

sider how much this arrangement facilitates the exploration and working of coal, we can hardly 

doubt but it is the TesuJt of !Divine Benevo1ence. 

Eig. 216. 

Co1il Basin of South Wales : G. BritUm. 

Descrip. The Diamond, which is pure crystalized carbon, bas been found associated with 

new red sandstone at Golconda. in South America, and at Panna in India. This rock is 

there in proximity with, an<l based upon granite, and perhaps the crystalizatioo of the carbon 

resulted from this cause. Edinburgh Joutnal of Science, Vol. X. p. 184. Conybearc's Report on 

Geology, p. 395 and 398. 

In general the diamond is found in diluvium ; having been washed from its original situation 

by water: and we may always presume that every mineral exisfrng in the older rocks will hf' 

found also in diluvium; because their detritus must contain them. 

lnfere11ce. lt has been inferred from the preceding facts, that all the varieties of carbon 

above described, had their origin in vegetable matter; and that heat and water have produced all 

the varieties which we now find. !flacculloch>s System of Geology, Vol. 2. P· 297. 

Almost nil the precious stonl:'s, such as the sappbire, emerald, spinel, cbrysoberyl, chryso

pnse, topaz, iolite, garnet, tourmaline, chalcedony, amethyst, &c. are found exclusively in the 
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oldest and most crystaline rocks. Quartz, iu the various fo1rns of rock crystal, cha1c~dony, car .. 

oclian, cacholong, sardonyx, jasper, &c. is found somclimcs in the secondary strata, and especially 

in the trap rocks, associated with the secondary formations. 
Dercrip. Some of the metal~, as platinum, gold, silver, me:-cury, copper, bismuth, &c. exist in 

the rocks in a pure, that is, a metallic stale; but usually they occur in the state of oxides, sul· 

phurets, and carbonates,,..1rnd are called ores. ll is rare that any other ore is found in sufficient 

quantity to be an object of e:-.plor<ition on a large sea.le. 

Desc1ip. These ores occur in four modes: I. In regular intcrstrntified layers, or beds: 2. la 

veins or fissures, crossing the strata and filled with ore united to some gangue or matiix. 3. ln 

irregular masses: 4. Disseminated in small fragments through the rocks. 
Descrip. Iron is the only metal that is found in all the formations in a work:ible quantity. 

Among all its ores, only four are wrought for obtaining the metal : viz. the magnetic oxide, the 

specular or peroxide, the hydrated peroxide, and the protocarbonate. 
Manganese occurs in the state of a peroxide and a hydrate; and is confined to the primary 

rocks; except an unimportant ore called the earthy oxide, which cJ:ists in earthy deposits. 
The niost important ores of copper are pyritous copper and the carbonates. These aro 

found in the primary rocks, and as high in the secondary series as the new red sandstone; in one 

instance in tertiary strata. lt"onders of Geoloyy, Vol. 2. p. 651. 
The only ore of le3d of much importance is the sulphuret. This generally occurs in the pri

mary rocks, both stratified and unstratified; but it exists also in the newer rocks as high in the 

series as the 1ias. 
The deutoxide of tin is the principal ore of that metal. This is most commonly found in the 

oldest formations of gneiss, granite, and porphyry: also in the po1·phyries connected with red 
snndstone. It is found likewise in quantity sufficient to be wrought in diluvium. 

Of zinc the most abundant ore is the sulphuret, which is commonly associated with the sul

phuret of lead, or galena. Other valuaLle ores are the carbonate,, silicate, and the oxide, which 
occur in secondary rocks. 

The most common ore of antimony, the sulpburct, has hitherto been found chiefly in granite, 
gneiss, and mica slate. 

The principal ore of mercury, the sulphuret, occurs chiefly in new red sandstone: sometimes 
in a sort of mica slate. 

Silver, in its three forms of a sulpburet, a sulpburet of silver and antimony, and a chloride, 

has been found mostly in primary and transition slatl!s :-sometimes in a member of the new red 

sandstone series; and in one instance in tertiary strata. lVo1Ulers of Geology, 'Vol. 2. JJ 651. 

Gold and platinum always occur in a metallic state; and they have usually been explored in 

diluvium. They are o(len associated, however, with the older rocks; and in this country es

pecially, a gold deposit has been traced from Canada to the southern part of Georgia, nnd the 
metal is embraced in the talcose slate formation, in veins, usually of quartz. It is found abo. 

rarely in grnywacke, and evl!n in tertiary strata. 

Co.halt, bismuth, arsenic, &c. nre usually found associated with silver, or copper; and of course 

occur in the older rocks. The other metals, which, on account of their small economir.al value 

and minute quantity, it is unnecessary to particularize, are also found in the older strata; fre

quently only disseminated, or in small insulated masses. 

Inf 1t appears from the facts that have been detailed respecting the situation of the useful 

minerals, that great as.sisto.nce in $Carching for them may be deri\•ed from a knowledge of rocks 
and their order of i:::uperposition. 

Caution. lt ought not to be inferred from all that has been s:iid, that because a mineral sub. 

etancc has b~en found in only one roe;k, it exists in nu other. But in many cases we may be al
most certain that such and such rocks cannot contaip such and such minerals. Of such cases, 
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however, the practised geologist can alone judge with much correctness, and hence thP importance 

of an cxt«i>nsive acquaintance with geology in the community. An amount of money mucb 
greater than is generally known, has been expended in vain for the want of this knowledge. 

SECTION IIL-THE LITHOLOGICAL CHARACTERS OF THE STRATIFIED ROCKS. 

Def. The Lithological character of a rock emuraces its mineral composi
tion and structure as well as its external aspect, in distinction from its zoolo· 
gical and botanical characters, which refer to its ori;anic remains. 

1. .!lll11viwn. 

Descrip. The following stratified deposits are the result of alluvial agency. 
1. Soil. S. Siliceous Marl, or Deposits of the skeletons of lnfusoria. 
2. So.nd. 9 . Bitumen. 
3. Peat. 10. Sulphate of Lime. 
4. Marl. 11. Hydrate of Iron. 
5. Calcareous Tufa or Travertiu. 12. Ilydrate of l\Iar.ganese. 
6. Coral Reefs. 13. Chloride of Sodiom (Sea Salt.) 
7 . Siliceous Sinter. 14. Sandstones, Conglomerates, and Breccias. 

Prin. Soil is disintegrated and decomposed rock, 'vith such a mixture of vegetable and animal 
matter that plants will grow in it. 

Descrip. Vast accumulations of sand, the result of alluvial agency, occur not merely in the 
bed of the ocean and in lakes, but also upon the clry land, where they are called dunes or dowri$. 
These are composed almost entirely of silica; and being destitute of organic matter, cannot re-
tain vegetation. 

Descrip. The manner in which peat is formed has already been explained in general terms. 
(Section II.) When perfectly formed, it is destitute of a fibrous structure, and is, when wet, a 
fine black mud: and when dry, a powder. Jt consists chiefly of the substance called gcine; a 
part of which is soluble, and a part insoluble in water. These deposits of peat are sometimes 30 
or 40 feet thick; but they are not formed in tropical climates, on account of the too rapid de
composition of the organic matter. 

DeJCrip . .All1ivial .Marl is usuatly a fine powder, cor.s'sting of carbona~e of lime, clay, and 
so1ub:e and insoluble geine; and is found usually beneath peat in limestone countries: someti:nes 
at the bottom of ponds. It is produced partly by the decay of the shells of molluscous animals, 
and partly by the deposition of the carbonate or lime from solution in water. It contains numer
ous small fresh water shells, and has received the name of sltell marl. 

Descrip. Calcareous Tu/a or Travertin, is a deposit of carbonate of lime, macle by springs 
containing that substance in solution. It forms a soliJ limestone, sometimes even cry:taline, 
nod of considerable extent ; so as. to be used for architectural purposes. Thermal waters pro~ 
duce it most abundantly, as in central France, Hungary, Tuscany, and Campagna d1 Roma: but 
it is also deposited by springs of the ordinary temperature, as at Sa1atoga and in the Appenines. 
Very similar are the concreted calcareous Jcposits formed in caverns : those <lt::pen<ling from 
the roof are called Stalqclites, and those on the floor, Stalagmites. 

Descrip. Coral Reefs are extensive deposits of carbonnte of lime, formed by myriads of poly
paria, or radiated animals, in shallow water, in the tropical seas. The/ form the habitations of 
these animals; and of course are organic in their structure. 

Dcacrip. Si1iceou1 Shiter, or Trifa is a deposit of silica, made by the water of thermal springs, 
which sometimes hold that earth in soluJon. Successive layers of sinter and clay frequently 
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occur, and these are sometimes broken up and re-cemented so as to form a breccia. Prof. J. lr. 
lVebsltr in the Edinburgh Philosophiccd Journal. l'"ol. VI. 

Descrip. Siliceous Marl, or the fossil Shitlds of Infusoria. Beneath the beds of pe::it and mu<l 
in the primary regions of this country, a deposit often occurs, from a few inches to several feet 
thick, which almost exactly resembles the calcareous marl that is found in the same situation. 
When pure, it is white and nearly as light as the carbonate of magnesia : but it is usually more 
or less mixed with cJay. It is found by analysis to be nearly pure silica; and it turos out to be 
almost entirely composed of the siliceous shields, or skeletons, of those microscopic animals 
called I1ifusoria or A11imalcuhe, which have lived and died in countless numbers in the ponds at 
the bottom of which this substance has been deposited. 

De.scrip. Some springs deposit large quantities of bitumen in the form of naptha and asphaltum. 
Their localities and extent will be described in a subsequent Section. 

Dear.rip. Although sulphate of lime very generally exists in the waters of springs, yet it 
is rarely deposited. One or two examples only are mentioned, where a deposit of this salt ha9 
been made; as al the baths of San Philippo in France. De la Beche's 1'fanual, p. 158. 

Descrip. Hydrate of Jron or Bog ore is a common and abundant deposit from waters that are 
capable of holding it in solution: and it appears also, that this ore is often made up of the shield9 
of lnfusoria, which are often ferruginous. Wonders of Geology, Vol. 2 p. 660. 

De.scrip. The Hydrate of Manganese also, by a somewhat similar process, is frequently de· 
posited in the form of the earthy oxide, or Wad, in low grounds: and it can hardly be doubted 
but it is an alluvial product. 

Descrip. Chloride of Sodium or Rock Salt, is very rarely deposited from its solution in waler 
so as to be visible, though some have supposed that this deposition does taks, place extensively 
at the bottom of such seas as the Mediterranean. It is said, however, to accumulate in some of 
the cavities of the rocks along the shores of the Mediterranean, in such quantity as to be collect
ed by the inhabitants. 

Descrip. Alluvial Sandst011e, Conglomerate, and Breccia, are formed by the cementation of sand, 
rounded pebbles, or angular fragments, by iron, or carbonate of Jime, which is infiltrated through 
the mass in a state of solution. They are not very common, nor on a very extended scale. 

Def. When sand is cemented, the solid mass is called SaJul1toAe: rounded pebbles produce a 
C011glomerale or Plurn Pudding Sl011e; and angular fragments, a Breccia. 

Def. The varieties ofalluvium, that have been described may be rev.rded as a Formation io 
the geological sense: and the period during which such a group is in the progress of deposition, 
that is, until some important change takes place in the material or mode of production, is called a 
Geologi.cal Period: and the point of time when the change occurs, is called an Epoch. 

2. Diluvium 01· Drift. 

De.scrip. The great mass of diluvium is composed of sand and gravel of different degrees of 
comminution, mixed together just in the manner that violent currents of water would do it. 
This gravel is often not derived form the rocks beneath it, but from those al a distance of several 
miles, and in this country usually from ledges which lie in a northwesterly direction. The sur
face of this gravel is often scooped out into deep basin shaped depressions, and raised into corres~ 
ponding elevations, the difference of level being sometimes 20 or 30 and even 100 or 200 feet. 

Descrip. Scattered through this gravel, are rounded maeses ofrock, larger than pebbles, which 
a.re called bowlders; and as they are frequently found at a great distance from the place of their 
origin, they are also denominated erratic hlock1, and lost rock1. Oftentimes alluvial agency haa 
removed the sand and gravel from these bowlders, so that they lie insulated upon the surface. 

Def. When they happen to be thus insulated upon other roeks,and so poised that a •mall force1<ill 
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make them oscillate, they are called Rocki11y Stones, several sketches of which have been given in 
the Third Part of this Report. 

Descrip. Many of the most valuable of the precious stones and metals are found in cliluvium; 
such as the diamond, the sapphire, the topaz, the ruby, and the zircon; as well as platinum, gold, 
nnd tin. Platinum, golJ, anU the diamond are explored almost exclusi\' ely in this formation. 
Tableaux des Terrains, p. 115. 

S. Tertiary Strata. 

Descrip. The tertiary rocks have been divided into four distinct groups of marine strata, 
distinguished hy important peculiarities in their organic remains, and separated from one another, 
by strata which contain fresh water and terrestrial remains. Buckland's Bridgwater Trcatiae, 
Vo/. l.p.16. 

Descrip. Mr. Lyell has divided these strata into four groups, lo which he gives the names 
Eocene, }rfioce11e, and Older a11d Neu:er Plioce11e. In the first, the number of shells identical 
with living species is very small, only 3 1-2 per cent. In the second group, reckoning upwards, 
jt is 17 per cent: in the Older Pliocene, 35 to 50 per cent. and in the Newer Pliocene, 90 to 95 
per cent. And by this character are the groups distinguished. Lyell's Elements of Geology, p. 
284. Other geologists object to these characters as too indefinite. De la Beche's Theort!lical 
Geology, Chap. XVII. Phillips 1'reatise on Geology,p. 180. 

1Je$crip. The tertiary rocks are in general distinctly stratified, and the strata are usually hor
izontal. Jn some cases, however, (as in the Isle of Wight and at Gay Head,) they are inclined 
nt a lnrge angle. 

Prin. All the stratified rocks appear to hllve been originally deposited 
from water. 

Descr-ip. Rocks are deposited by water in two modes: first, as mere sediment, by its mtr 

chanical agency, in connection with grJvity: secondly, as chemical precipitates from solution. 
Def. The first kind of rocks is called mechanical or sedimentary rocks ; the second kind, 

chemical deposits. 
Descrip. As a general fact, the lower we descend into the rock series, we meet with less aod 

less of a mechanical and more and more of a chemical agency in their production. The primary 
stratified rocks have generally been regarded as destitute of every mark of a mechanical origin 
except their parallel arrangement ; but in fact, the greater part of them are made up of the frag
ments of crystals more or less worn and cemented together. 

Dcscrip. In the fossiliferous rocks we sometimes find an alternation of mechanical and chem
ical depClsits: but for the most part, these roc~s exhibit evidence of both modes of deposit, 
ncling simultaneously. 

Dc.1crip. In the tertiary rocks a mechanical agency clcciJedly predominates.: neYertheless, 
snveral beds a.re the i;esu!t of chemical precipitation ; as gyps.um., limestone, and rock salt. 

Descrip. The varieties of rock composing the lertiary strata are concreted, tufaceous, ar
gillaceous, and siliceous ; or limestone1 marl 1 plastic clay, siliceous and calcareous sands, green 
sand, gypsum, lignite, rock silt, and buhrstone. 

4. Secondary Rocks. 

Drf Under Secondary Roe.ts, I include all the fossiliferous strata below the Tertiary: tlrnt 
is, I embrace under Secondary, all those denominated by many writers Secondary au<l Transition. 
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I. Cretaceous System. 

Dtscrip. In Europe this formation is usu::illy char.:tclerized by the presence of chalk in the 

upper part, and sands and sandstones in the lower: Jn this country chalk is wanting: yet 
our geologists suppose that the fcrruginous sand formation is the equivalent of the chalk for· 

mation of Europe. Dr. Morton in Jo11T11al of Academy of Natural Sciences, Vol. VI. Also 

American Journal of Science, l'o/. Xl'Il. J>-214. and XVI/I. P· 243. dnd XXTV. p. 128. 

Descrip. The Cretaceous system is thus arranged by Dr. Fitton; 

~
Upper, 

Chalk. Lower, 
Morly. 

~
Upper Green Sand, 

Green Sand. Gault, 
Lower Green Sand. 

j Weald Cby, 
\VealJen. Hastings Sands, 

Purbeck Strata. 
Obseroatio11s on some of the Strata betu:een the Chalk and Oxford Oolile in the South East of 

Englrtnd, By IV. JI. Filion. p. 105, London, 1836. 
Dcscrip. Chalk is a pulverulcnt carbonate of 1ime, and its \"arietics have resulted from the 

impurities that were deposited with it. The upper beds are remarkable for the great quantity of 

flints dispersed through them, generally in parallel position. 

Descrip. Green Smid is a mixture of arenaceous matter, with a peculiar green substance 

greatly resembling chlorite, or green earth. 

Descrip. Tlw ltealden Formation, which has been found in the Southeast of Eng1a.nd, chier

ly in the wealds or wood5 of Sussex and Krnt, is composed of beds of limestone, conglomt::rate, 

68ndstone, :.:ind clay, whic!i abound in the remains of fresh water and terrestial animals, and air 

pear to ha\•e been deposited in an estuary that once occupied that part of England. Similar 

beds occur in Scotland and in a few places on the European Continent. 

2. Oolitic System. 

Dcscrip. In many of the rocks of this series, small calcareous globules are imbedded, which 

resemble the roe or a fish, and hence such rock 1s called Roeslone or Oolile- But this structure 

extends through on\)• a small part of this form::ilion, ::ind it occurs also in other rocks. 

Vcscrip. 'fhe Oolitic series consists of interstratified layers of clay, sandstone, marl, and 

limestone. The upper portion, or that which is Oolite proper, is di\"ided into three systems or 

groups, called the Upper, l\Iitldlc, and I.owcr, separated by clay or marl deposits. 

Dcscrip. The 1owest men.her of the oolitic group is called Lias, and consists essentially of 

argil!::iccous limestone. 

Remark. The oolitic group is remarkable ror the vast amount of calcareous matter which it 
contains, ::ind for the great number and variety of its org::inic remains. It h<!s not been found 

in .Americ::i. 

S. Salijerous System. 

De1crip. ln Europe writers enumerate fh•e varieties of this group. J. Variegatrd jfarl, 

co111posed of indurated clays of various colors, among which red predominates: sometimes the 

clay is black, sometimes bluish gray; ::ind gray sandstone and yellowish magnesian limestone arc 

intcrstratified, the whole forming the highest member of the series. 2. Alusclielkalk, a gray~ 

compact limestone, occasionally dolomitic, lying beneath the marls and not yet detected e"cept 



Carboniferous System. 7SS 

on the continent of Europe. 3. Red or Variegated Sandst{)J1e. Its varieties or color are red, 
blue, and green. Its coi;nposition is chiefly siliceous and argillaceous, with occasional beds of 
gypsum, and rock salt. (New Red Sanclslone,Eoglish Writers. Gres Bigarre, French. Bun
ter Sandstein German.) 4. Zechstein. This consists ot different varieties of limestone ; among 
which is fetid limestone, friable marl, and copper slate. 5. New Red Conglomerate: Exeter 
Red Conglomerate. A series of conglomerates and sandstones lying beneath zechstein, and 
above the coal measures: the fragments having been derived from the latter. ( Todtlie9e11ds, 
llolhe Todte Lie9ende Ger.) 

4. Carboniferous System. 

Descrip. This group embraces three extensive deposits, resting upon one another in the fol ... 
lowing order; beginning with the uppermost. l~ Coal Measures. These consist of irregularly 
interstratified beds of sandstone, shale and coal. Frequently these are deposited in basin-shaped 
cavities; but not always. These rocks abound in faults produced by igneous agency; whereby 
the continuity of the beds of coal is interrupted, and the difficulty of exploring for coal, increas
ed in some respects ; but in other respects facilitated; so that upon the whole, faults are decitl
edly beneficial. 2. Carboniferous Limestone. A gray compact limestone, traversed by veins or 
calcareous spar, and frequently abounding in organic remains. Enerinites are sometimes so abun
dant that the rock is called Encrinal Limestone. It is also called Mountain Limestone, and 
J!etalifcrous Limestone, as it abounds in lead ore. 3. Old Red Sandstone. )Ibis rock is com
posed mostly of conglomerate, but sometimes it becomes fine enough to be schistose: Its prevail .. 
ing color is red) and its thickness very variable. 

Rem. The Coal Measures exist in almost every country of much extent, and form one of the 
most important sources of national wealth and happiness. In England not less than 6.000.000 
tons of coal .are yearly raised from the mines of Northumberland and Durham: at which rate 
they will be exhausted in about 250 years. In South Wales, however, is a coal fie1d of 1200 
square miles, with 23 beds, whose total thickness is 95 feet; and this will .supply coal for 2000 
years more. ( Bakewell's Geology, p. 125.) Jn Great Britian about 15.000 steam engines arc in 
operation by the use of coal with a power equal to that of about 2.000.000 of men. The ma
chinery moved by this power has been supposed equivalent to that of between 300.000.000 and 
400.000.000 men by direct labor. Well may Dr. Buckland say," we are almost astounded at 
the influence of coal and iron and steam upon the fate and fortunes of the human race." 
Bridgewater Treatise, vol. l. P· 535. 

Probably no part of the world contains such immense beds of coal as the central parts of the 
United States. In 1837, not less than 900.000 tons of coal were carried to market from the 
mines in Pennsylvania alone: and the working of these mines has as yet only just commenceU. 
The southern anthracite basin of that state is 60 mites long and two miles broad, with an aggre
gate thickness of 100 feet. Indeed, 30 out of the 54 counties of that state are in whole or m 
part based upon coal. But no one, who has not visited t11at stcte, can form any ad~quate idea 
of the quantity of coal existing there. One bed alone, which probably extends through all the 
anthracite region, varies from 22 to 50 feet in thickness : while the thickest bed in England is 
only 30 feet. Prof H. D. Roger's Report on the Geological E:rpioration of the state of Penn
sylva11iafor 1838. p. 84. Bakeu:ell's Geology, p. 106. 

5. Silurian System. 

Dcscrip. As has been slated in the 6rst section, the Silurian System, proposed by Mr. Mur
chison, embraces the upper members of that extcnsirn deposit, which bas loog been known un-

93 
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dcr the name of Graywacke Slate, or Shale Its composition is aren:iceous, argillacPou,, a11J 
calcareous; showing in all C'ases evidence of a ~edimentary orig:n yet hnYing been suLjet.•kd 
to a more powerful chemical action thar. the rock abo,·e it: The n.aterials are often excredingly 
fine; and then we ha\·e delicate slates ; yel usually of a dull aspe· t. Son1etimt"s they arc very 
coarse, so as to form conglomerates; a.·d these h\O yarieties are often interstratified. Thclime
blones bear stronger marks of a chemical than a mechanical origin, aud are frequently very crys
tal inc. Sometimes they are argil:aceous, and often slaty, and frequently conc1ctionary. They 
abound in organic remaius, as docs, in fact, the whole formation . The slates are sometimes but 
not extensively divided by joints and clea\•agc planes; though the origin~l l::unin:ition of the beds 
by deposition is quite ol>vious. 

G. Clay S late and Graywacke System (Phillips). Cambrian Group 
(Sedgwick.) 

Descrip. This extensive deposit, at least 3000 or 4000 yards thick in 'Vales, embraces the 
lower part of the Graywacke Group, and the clay slate of other geokgists. 

The whole of it is eminently arg:illaceous: but it \·aries from the finest clay to conglomerates, 
with fragments of qu:'lrtz, feldspar, mica, jasper, &c. half an inch in diameter. The cement 1 

however
1 

is still argillaceous. These conglomerates, especially in the upper part of the series, 
arc interstratified with the slates which have been called graywacke slate and clay slate. Jn 
the north of England, where this system of strata is developed on an enormous scale, and forms 
the splendid scenery of that country, tllese slates are so diri<le<l by joints and cleavage, that the 
planes of deposition, or stratification and lamination, are very obscure. The lowest part of the 
s.vstcm is composed chil'fly of clay slate, which sometimes contains chiastolitC and bornlllenc.le. 
Jn these lowest slates no organic remains have been found, nod only about 30 spL·cics in the 
limestone interstratified with the higher members of the series. These are perfectly developed 
zoophyte:) and mo11uscs; but no plants have been found. These are the lowest rocks contain
ing organic remains. Scdgu:ic/.: in Geological '.Fra11sattions, Yol 8. Phillip's 'l'reutisc cm Gtol
Ojy, l~ol. 1. p. 12 l. Lyell's l:..~lemeuts 1 p. 464. Al.rn Principles of Geology, Vol. 2 p- 1152. 

5. Pnn1ARY ROCKS. 

I'.em. As the non-fossiliferous or primary rocks ba,·e no settled order of superposition, Jiffer
('Jlt writers \\ill describe them in different order. 1 shall give them in the order in whicl1 they 
most usually occur, especially in this country. 

I. Clay Slute or Ar9illaccous Slate. This rock is composed of fine argilluceous matter 
which has a fissile structure, and in the moist perfect varieties its surface is more or less shining 
from chloritic or plumbaginous matter. Its principal deposit has already been Je~cribed, as a 
part of the Cambrian System. But it occurs freq_ucntly interstratifird with mica slate and quartz 
roc:k : and musl, therefore, be regarded as a non·fossilifcrous primar_y rock Y ct, on the olhcr 
hanJ., it also occurs interstratified with fossiliferous Graywacke. There seems, tht>rcfore, a ne
cessity for rng1rding clay slate as belonging both to the fos.:si!iferous and non-fossiliferous strata. 
The farther \\e recede from the line separating these two clas::;es of rocks towards the ol<lc~t, 
the more highly glazed does the clay slate become, until it passes nt length insensibly into mica 
slate, talcose slate, or hornblende slate: but receding from that line in the other direction, its 
.:surface Lccomes more dull, and its texture looser, until it forms what is usually tcrmeJ shale: 
n::iJ if we follow it sti!l hight:r up in the series, it becomes gradually chan:,;eJ into unconsoliJat4 

ed c!ay. 
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Z. Q vtrl: Rock. This rock is essentially composed of quartz, either granular or arena .. 
ceous. The varieties result from the intermix.lure of mica, feldspar, talc, hornblende, or 
clay slilte. In these compound varieties the stratification is remarkably regular: but in pure 
granular quartz it is often difficult to disco\·er the planes of stratificatiou. It is iaterstratifie<l 
with every one of the primary rocks, and also with graywacke; in which last case it often as
sumt::s a decidedly mechanical structure: and even when a member of the primary series, this 
etructure is sometimes visible. ftlacwlloch.'s Principles of Geology, Yo/. 2. P· 174. Also Geo
lo1ical Class~ficution,p. 317. 

3. Ilornblende Slate. Hornblende predominates in this rock : but its varieties contain fel d
spar, quartz, and mica. When it is pure hornblende, its stratification is often indistinct, and it 
passes, by laking feldspar into its composition, into a rock resembling greenstone. It occurs in 
every part of the primary series; but its more common associations are nrgillaccous slate, mica 
slate and gneiss j into which it passes by insensibl e gradations. 

4. Talcose Slate. The talc in this rock, which is the essential ingredient, and is sometimes 
in a pure state, is usually mixed with quartz and mica, and sometimE's with limestone, fddspar, 
and hornblende. It is associated sometimes with argillaceous slate, and even graywacke : but 
usually, at least in the United States, with mica slate, and rarely with gneiss. 

5. Serpt.11tine. This is usually regarded as a simple mineral, which contains about 40 per 
cent. of magnP-sia; and it is in fact a hydrated si licate of magnesia. Most European writers 
describe it among the unstratified rocks ; and no doubt it does frequently occur without any 
parallel division into strata, and in the form of veins. But the vast beds of it in the primitive 
regions of N. England are often distinctly stratified i and I therefore follow Dr. Maccu\loeh, 
who places this rock both i11 the stralified and the unstratified class; because this arrangernc-nt 
corresponds best with its characters in Scotland. 

6. Primary Limesto11e. Limestone that alternates with primary strata is called primary. Dr. 
Macculloch considers such alternation the only decided proof that limestone is primary. (Priii
ciples of Geolo9y1 l fol. 2. p 209.) Other~, as De la Beche, make its primary character to de
pend more upon its crystaline character; and hence assert that it occurs interstratified with fos
siliferous rocks. (.11-0.niml of Geology p. 435.) It is generally white and crystaline, resembling 
loaf sugar so much as to be called saccharine. But in some situations it is dark colored, by be
ing penetrated with other rocks, and also nearly compact. 

7. J.llica Slate. This is a slaty mi.:nure of mica and quartz, in which the former predomi
nates. Garnet and Staur.:>tide are often so abundant in it, over extensive tracts, as properly to 
be regarded as constituents: hence the varieties, Garnetijerous and Slairrotidiferous mica slate. 
This is one of the most common and best characterized of the primary rocks. 

S. Gneiss. The essential ingredients in this ro..;k are quartz, feldspar, and mica. Horn
blende is occasionally present. These ingredients are arranged more or less in lamina:', and the 
rock is stratified. \\'here it passes into granite, however, (which is composed of the same in
gredients), the stratification, a.swell as the laminar arrangement, bt>comes exceedingly obscure i 
and it is impossible to draw a definite line between the two rocks. Gneiss, as well as mica slate, 
is remarkable in some places for tortuosites and irregularities exhibited by their strata and lam
in::e: while in other places these same rocks are equally distinguished for the regularity and 
evenness of the stratification, by which they are rendered excellent materials for economiraJ 
purposes. 

Prin. lf all the stratified rocks have been deposited from water, as we have seen, the Jayrrs 
must have been originally nearly horizontal. 

/1ifcre11cc. Hence if we get the perpPnclicular thickness of a series of strata we ascl.'rlain the 
clrnracter or the crust of the globe to that depth . 

. Pacts. By ml.'asuremcuts and calculations of this sort, it bas been ascertained that the total 
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t1lickness of Lhefossiliferousstrat:iin Europe, is not lesstban,6 1-2 miles. (See 'l'abular vhw 
in Section 1.) In Pennsylvania, the fo3siliforous rocks beneath the top of the coal measures, are 

40,000 feet, or more than 7 1-2 miles in thickness, (Prof. Roger's Report on the Geology of 

Pcnnsyloania for 1838, P· 82. 
Fact. Dr. Buckland estimates the total thickness of all the stratified rocks in Europe to bo 

at lea.st ten miles. Bridgewater Trt.atise, Vol. 1. P· 31. 
Inference. \-Ve see from these statements how groundless is the opinion, that geologists are 

able to ascertain the structure of the earth only to the depth that excavations have been made-, 

which is less than a mile; especially when we recollect, that the unstratified rocks are uniform~ 

ly found beneath the stratified ; aud since their igneous origin is now generally admitted, it can 

hardly be doubted that they come from very great depths: so that probably the essential com

position of the globe is known almost to its center. 

SECTION IV.- LITHOLOGICAL CHARACTERS AND RELATIVE AGE OF THE 

UNSTRATU'l:E:D ROCKS. 

Prin. The differences among the unstratified rocks result from two causes: I. a difference in 

chemical composition: 2. the diversity of circumstances under which they were produced. 

Deicrip. The two predominant and characteristic minerals in the unstratified rocks, are feld .. 

spar and augite, or hornblende, which are essentially the same in composition. 

Def. The melted matter that is ejected from a volcano, or remains within it, is called la-oa. 
Hence it is not improper to apply the term to any rock that is proved to have been in a melted 

state. But it is usual to confine it to the more modern unstratified racks 1 such as have been 
ejected from a crater. 

Rein. The igneous origin of all the unstratified rocks is now so generally admitted, that we 

may take it for granted; an<l make it the basis :or classification-The proof, however, will be 

presented in a subsequent Section. 

Descrip. Lava cooled rapidly, and not under pressure, forms glass, or scoria: but cooled 

slowly, and under pressure, it becomes crystaline. Now the older unstratified rocks, such as 

granite, sienite, porphyry, and greeostone, are more or less crystaline: whereas basalt, tra· 

chyte, and other products of existing volcanos, are compact or cellular. Nor have we any but 

presumptive proof, that the former class is. now produced by igneous action. Hence it is in• 

ferred, that they were cooled under a vast pressure of the ocean and its subjacent beds : and 

hence they are called Plulonic Rocks: whernas the latter are denominated Volcanic Rocks. 
Phillip'• Treatise on Geology Vol. 2. p. 52. Lye/Ps Elements of Geology, p. 14. 

1. Granite. 

Descrip. The essE"ntial ingredients of this rock are quartz, feldspar, nnd mica. Its prevail· 

ing colors are ·white and flesh-colored . In some cases the materials are very coarse, the crys

talioe fra~ments being a font or more in diarneter: in other cases, they are so fine as to be scarce

ly visible lo the naked eye: and between these extremes., there exists an almost infinite variety. 

The fine grained varieties :ire best far economical uses.; but the coarser varieties abound most 

10 interesting simple minerals. 

2. Sienite. 

Def. Sienite is composed essentially of feldspar, quartz, and hornblende, the first predomina-
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ting. When mica is also present, the compound is frequently denominated Sienilic Gra11ite. 
Traite Elementaire de Geoloyie, Par M. Rozel, Tome I. p. 482. 

S. Porphyn;. 

Def. Rocks with a homogeneous, compact, or earthy base, through which are disseminated 

crystaline masses of some other mineral of contemporaneous origin with the base, are denomi· 

nated porphyry. True classical porphyry, such as was most commonly employed by the ancients, 

has a base of compact feldspar, with imbedded crystals of feldspar. When the base is green

stone, pitchstone, lrachyte, or basalt, the porphyry, is said lo be greenstone porphyry, pitchstone 

porphyry, trachytic porphyry, and basaltic porphyry. The base is sometimes clinkstone, or clay~ 

stone, and the imbedded crystals may be feldspar, augite, olivine, &c. 

4. Gr~enstone. 

De8crip. Several unstratified rocks, whose principal ingredients are feldspar and hornblende 

or augite, are called Trap Rocks: from the Sweedish word Trappa, a stair: because they arc 

often arranged in the form of stairs or steps. Although the term trap is loosely applied, most 

writers limit it to the varieties of rock called greenstone, sienitic greenstone, basalt, compact 

feldspar, clinkstone, pitchstone, wacke, amygdaloid, augite _rock, hypersthene rock, trap-por

phyry, pitchstone porphyry, and tufa. Macculloch includes claystone and sienite. System of 

Geology, Vol. 2. P· 80. 
Descrip. Greenstone is ordinarily composed of hornblende and feldspar, both compact and 

common 1 the former in the greatest quantity. 

5. Trachyte. 

Descrip. Trachyte is of a whitish or grayish color-, usually porphyritic by feldspar crystals, 

and essentially composed of glassy feldspar, with some hornblende, mica, titaniferoo.s iron, and 

sometimes augite. Beuda11t's Tra-ite de Miveralogie, TQ1Jle 1. P· 566. Lyell's Elements of Ge
ology, p. 154. Its name is derived from the Greek, -rf!axv,, rough, from its harshness to the 

touch. It was an abundant product of volcanic action during the tertiary period, and \lsually 

appears to be olJer than basalt, although trachytic lavas have continued to be ejected down to 

the present day. Trachyte occurs in Am·ergne and Hungary, and in vast quantities in South 

America: but not in the United States. lt constitutes tbe loftiest summits of the Cordilleus. 

Humboldt'• Geogt•Qstical Essay 011 the Superpo,sitiim of ].loch, p. 423, 

6. Basalt, 

Descn'p. This rock appears to be composed of augite, feldspaE, and tifanliiferous iron ; aad 

sometimes olivine in dlstinct grains. Its color is black, bluish, or grayish; and its texture 

compaet and uniform-more so than greenstone. Augite is the predominant ingredient. Prob

ably in some cases, hornblende takes the place of augite: but from the nature of these two min

erals, tbis can be regarded as of little importance. Basalt passes insensibly into all other varie

ties of trap rocks. De laBeche's Manual of Geology p. 452. Lyell'• Elements, p. 153. 

7 . .Bmygdaloi<l. 

Descrip. This. term, like porphyry, is not confined to any one sort of rock; but indicntc~ a 
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certain form, which ('Xlends through all the trap family. Amygdaloi<l abounds in rouncled caV'

ities, like the scoriae and pumice of modern lavas, and these are often filled with calcareous 

spar, quartz, chalcedony, zeolites, anJ. other minerals, which have taken the shape of the ca,·

ity : so that the rock appears as if filled with almonds, and hence the name, from the Latin 

umygdala, an a·lmond. These cavities, however, ha\'e sometimes been lengthened by the flow

ing of the matter while melted, so that cylinders are formed several inches long. When they are 

not'fille<l, the rock is said to be vesicular. 

Descrip. A soft variety of trap rock resembling indurated clay, is called wacke, which mny 

or may not be vesicular. From its resemblance to the toad, in aspect, probably, it is called 

in Dcrhyshire, Toadsto11e. 

Prismatic or Columnar :Stnicture. 

De$crip. One of the most remarkable characteristics of the trap rocks, is their columnar 

structure. This consists in the occasional division of their substance into regular prisms, with 

sides varying in number from three to eight, usually five or six, whose length is sometimes not 

less than 200 feet. They are sometimes jointed j that is, divided crosswise into blocks, from 

one to several feet in length: ·whose extremities are more or less convex or concave, the one 

fitting into the other. Frequently these columns st:ind nearly perpendicular, and when worn away 

on the side, they present naked walls which appear like the work of art. They stand so close· 

Jy compacted together, that though perfectly separable, there is no perceptible space between 

them. The thickness of the columns varies from one to five feet. 

Remark. 1. The concave extremity is usually uppermost. But at Titan's Pier at the foot 

of Mount Holyoke, in Hadley, some of the columns are convex at the top. The following 

8ketch, Fig. 217, shows their appearance at the Giant's Causeway in Ireland. 

Fig. 217. 

Remark. 2. The columnar and trappose forms of basalt and greenslone have produced some 

of the most remarkable scenery on the globe. Fingal'!j Cave in the island of Stafl3, (one of 

the Wt!stern Jslands of Scotland,) and the Giant's Causeway in the north of Ireland, are almost 

too well known lo need description. Staffa is composed entirely of Lasalt with a thin soil, and 

its shores are for the most part a steep cliff, 70 feet high, formed of columns. The ca\·e is a 

(.hasm, 42 ft'ct wide, and 227 feet long, among these columns, formed by the action of the wavl's. 

The folio\\ ing ::.ketch, Fig. 218, will convey an idea of the situal ion of the cave and of the gen

eral structure of the Island. 

llcmark. 3. Grecnstone columns standing upright, or leaning only a few degrees, arc quite cCJm

mon in North America; and form some of our most interesting scenery. The most extensi\'e 

fvrmation of this sort appears to be in the country west of the Rocky Mountains, where the 
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li'rnga.l'11 Cattc• Stajfa. 

Columbia river passes through mountains of trap, (not improbably of basalt,) from 400 to 1000 
feet high; and where several successive rows of columns are superimposed upon one another, 
separated by a few feet of amygduloid, conglomerate, or breccia. Parker's Journal of a11 Explor
ing Tour beyond the Rocky JUounlains, p. 208. Ithaca, 1838. 

The Palisadoes on the banks of Hudson river are another example of greenstone columns. 
They exist also, on Penobscot river; and very perfect examples occur on Mount Holyoke and 
Tom, on Connecticut river, as has been sbown in the third part of this Report. 

Prin. Tbe columnar structure of the trap rocks, has resulted from a sort of cryst:.ilization 
while t11ey were cooling under pressure from a melted state. 

Proof. 1. Precisely similar columns are found in recent la.vas, (Wonders of Geology, Vol. J, 
P· 248, 250, a'fld Vol. 2. p. 640.) 2. Mr. Gregory Walt melled 700 pounds of ba~alt and causeJ 
it to cool slowly; when globular masses were formed, which enlarged and pressed against one 
another until reiular columns were the fesult. Bakeu:ell's Geology, 11· 146. 

8. Serpentine. 

Descrip. This rock bas been already described in the section on the stratified rocks, and the 
reasons stated for placing it among the stratified as well as unstratified rocks. 

9. Lava. 

Dcscrip. J .. ava, as remarked in another place, embraces all the melted matter ejected from \"ol
canos: am] the two minerals feldspar and augite, constitute almost the entire mass of thei;e 
products . \<Vhen the former predorni1rntcs, light colored lavas are the result : when the latler 
the dark varieties. The former are culled feldspalhic or f'rachytic, an<l the latter, au.gWc or 
basaltic lavas. 

J)escrip. 'Tracliytic Lava lcorrespon<ls in most of its characters to the tracbyte of the older 
rocks. When cooled under pressure, solid rock results; but when cooled in Lhe air, it 

porous, fibrous, and light enollgh to swim on waler, as is the case 'with pumice, large masses of 
which are found sometimes in the midst of tbe ocean. Sometimes it i!:I porphyritic, like tlie 
oldt!r trachytes. 

Descrip. In like manner the basaltic or augitic lavas exceedingly resemble the r..01c anc ient 
basalt; and are in fact the same thing 1 produced under circumstances a littl~ ~ifferen t. When 
cooled under pre~sure, compact basalt is the result; but cooled in the open air, they become 

scoriaceous or vesicular, and are usually called Scoriro. 
}Jcsc:rip. Graysto11e Lava, is a lead gray or greenish rockJ intermediate in corn1 osition Le-
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tween basaltic an<l trachytic lavas: but the feldspar predominates, being more than 75 per cent. 

When alb.ite takes the place of common feldspar, the lava is denominated Andesi ic. 

Dcscrip. The small angular fragments and dust of pumice, (which is vesicular irachytic la1'a, ) 

and ofscorire, (which are vesicular basaltic lava) which are produced by an eruption falling into 

the sea, or on dry land, and mixing with sand, gravel, shells, &c. and hardened by the infiltra

tion of carbonate of lime or other cement, constitute the substance denomioated Tuff. 'When this 

rock occurs with trap, it is called Trap Tu_ff; and when with modern lava, Volcanic Tuff. If 

it contain large and angular fragments, it is called Volcanic Breccia. When the fragments 

are much rolled, the rock is a Tufaceous Conglomerate. The basaltic tuffs are denominated 

by the Italian geologists, Peperi110 : A kind of mud is poured out of some volcanic craters 

..,,.hich forms what is called Trass. 

Relative .!lge of R.ocks. 

Prin. In the stratified rocks the relative age of the different groups is de· 

termined by their superposition ; the lowest being the oldest: but in the 

unstratified rocks, there is reason to believe a reverse order exists: that is, 

the oldest member of the series lies immediately beneath the stratified rocks; 

the next oldest beneath this; and so on, till we reach the lava of existing 

volcanos ; which probably comes from a greater depth in the earth than any 

other unstratified rocks. 
11/ustration. Fig. 219, will more clearly mustrate this proposition. 

Fig. 210 . 

. ~rctio1t o.f tlol Rc/atirt .ll:J6 Pf tile Unstro.tijied R.,,cks. 

Prin. •rhe ages of the unstratified compared with those of the stratified rocks, ate dctcrndne<l 

by ascertaining ho''" far the former have intruded upward among the latter, 



Palaontology. 741 

lllustralion. If for instance, we never find the ,·eins of a parlicular igneous rock shooting up
ward higher than the primary rocks, we may infer that it is older than the secondary strata, but 
newer than the primary: because the latter must have existed prior to the intrusion of the un
stratified rock. And so, if an igneous rock is intruded on~y into the primary and secondary 
strata, we rr.ay infer that it is older than the tertiary strata, aud newer than the secondary: and 
so on with the groups still higher. Hence the igneous rocks a, a, Fig. 219, formed during the 
deposition of the primary strata, whose veins extend no higher than those strata, mny be ca\leJ, 
(to aclopl the phraseology of Mr. Lyell,) the Primary Pltttonic: those during the deposition of 
the secondary strata, b, b, whose veins do not onter the tertiary series, the Secondary Plulonic: 
those during the deposition of the tertiary strata, c, c, the Tertiary Plutonic: and lava from 
active volcanos, d, d, the Recent Plutonic. 

Descrip. In reality, however, we do not find varieties of unstratified rocks whose veins are thus 
distinctly confined to each of the great classes of rocks, though there is evidence that volcanic 
agency was active during all the periods of their deposition. But the same igneous rock appears 
to have been ejected at different epochs. Granite, however, seems to have greatly predominated 
during the first or primary period; and is found only occasionaIJy during the secondary period ; 
though in a few instances (at Weinbohla) sienitic granite has been protruded through lhe chalk, 
but never among the tertiary strata. Porphyry appears to have been mostly confined to the pe
riod of the latest primary, and the older secondary (transition) rocks. Trap rock predominated 
in the secondary and tertiary periods, while volcanic rocks, in the common acceptation of the 
term, began to be protruded during the terliary period, and continue to the present time. 

Inf From the phenomena that have been detailed respecting the unstratified rocks, it has been 
inferred that the condition of the earth, both internal and external, musl have been difforcnt at 
different epochs ; so as at one period to be peculiarly favorable for the production of granite and 
sienite, at another of porphyry, al another of trachyte, at another of basalt, and finally at another 
of the lava of extinct and active volcanos; and hence, that the older igneous rocks, (ex. gr . 
granite, sienite, &c.) are no longer produced, except peil1aps in the deep recesses of the enrlh. 

SECTION V.-PALlEONTOLOGY, OR THE SCIENCE OF ORGANIC REMAINS. 

Def. In nll the stratified rocks above the primary, more or less of the relics or traces of ani
mals and plants occur, sometimes called petrifactions, but more commonly, Organic Remains. 

Def. That branch of Geology, which gives the history of these remains, was formerly de
nominated Oryctology: but is now called Palaontology. 

L General Clu1racte1·s of Organic Re11wins. 

Descrip. Jn a few inslances, animals have been preserved eotire in the more recent rocks. 
Example. About the beginning of the present centnry the ent ire carcass of an elephant was 

found encased in frozen mud and sand in Siberia. lt was co,·ered with hair and fur, as some 
elephants now are in the Ilimala.yah mountains. The di1uvium along the shores of the Northern 
Ocean, abounds with bones of the same kind of animals : but the flesh is rarely preserved. 
Cuvier's Essay on the Theory of t!te Earlh, p. 253, New York, 1818. De la Beche's Manual 
of Geology, P· 200. In 1771, the entire carcass of a rhinoceros was dug out of the frozen gr:wd 
of the same country. Bakeuell's Geology, p. 331. 

Descrip. Frequently the harder parts of the animal are prescn·cd in the soil or solid rock 

scarcely altered. 
Descrip. Sometimes the harder parts of the animal are pnrtially impregnated with mineral 

matter; yet the animal matter is still obvicus to inspection. 
94 
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Descrip . J\Iore frequently, espccillly in the older secondary rocks, thranirnill or ngetnUle m:t. l

ter appears to be almost entirely replaced by mineral matter, so as to form a genuine petrifaction. 

D escrip. Sometimes after the rock haJ become hanlenetl~ the a!1imal or plant decayed and es· 

caped through the pores of the stone, so as to leave nothing but a perfect 1110~/d. 

D escri[J. After thi s mould had been formed, foreign matter has been infiltrnlecl into it through 

the pores of the rock, so as to form a cast of the animal or plant when the rock is broken open. 

Or the cast might ha\·e been formed before the decay of the animal or pbnt. 

D escrip Frequently th(>< animal or plant, especially the latter, is so fhittenedtlown that a mNe 

film of mineral matter alone remains to mark out its form. 

D cscrip. All that remains of an animal sometimes is its truck impressed upon the rock. 

D cscrip. The mineralizer is:mosl frequently carbonate of lime: frequently silica,or clay, or ox· 

ide or su lphuret of iron, an<l som1.::times the ores of copper, leatl 1 
&c. 

2. Nature and Process of Petrifaction. 

Def. Petrifaction consists in the substitution, more or less complete, by 
chemical mP.ans, of mineral for animal or vegetable matter. D e la B eche's 
Theoretical Geology, Chap. IS. 

D escrip. The process of petrifaction goes on at the present day to some extent," hcnever an 

animal or vegetable subs~ance is buried for a long time in a deposit containing a soluble mineral 

substance that may become a rnineralizer. 

S . .Means of determining the J\'aturc of Organic Remains. 

Pri11 The first requisite for determining the character or organic remains, is an a('c1m1te and 

e.den::;ive knowledge of zoology and botany. This will enuble the observer to ascertain whether 

lhe species found in the rocks are identical with those now li ving on the globe. 

Prin. The second important requisite is a knowledgr of Compar.:itive Anatomy : a science 

which compares the anatomy of different animals and the parts of the same animals. 

Remark. This recent science reveals to us the astonishing fact, that so mathcmat:cally ex

act is the proportion between the different parts of an animal," that from the character of a 

single limb) and even of a single tooth, or bone, tbe form and proportion of the other bones, and 

the condition of the entire animal may he inferred."-" Ilenct', not only the frame work of the 

fnssil skeleton of an extinct an!rnal, but also the character of the muscles, by which each bone was 

mnverl1 the external form and fi~ure of the body, the food, and habits and haunts, and mode of 

life of creatures ~hat ceased to exist before tLe crc~.tion of the human race, can with a high de· 

grf:'e of probability be ascertained. Buckland's Brirlr;eu·rttcr Treatise, Vol. /. Z'· 109. See also 

Cuvier's Osscmcns Fossiles, Tome I. lJ. 41. 'l'roisicme Edition. 

4. Classification of 0fganic Remains. 

Prin. Organic Mmo.ins mriy be dh·ide<l, accorJin~ to their origin, into three dus~cs: l. Mn.

rine. 2. Freshwater. 3 TerrC'strinl. 

Remark. The following table will show the origin of the remains in the different groups uf 

fo:s::iilift•rous r0cks. 
.l\Jarine. Cambr~~'l;~~da~~~~)ian Systems, ~ 

RarelyTerrtstrio.I. 

Old Red Sandstone, 

Carboniferous Limestone, 

Marine. 

Do. 
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Ooal Measures. Terrestrial Estuary Deposits aad submerged land. Rarely perhaps 
fresh water deposits. 

New Red Sandstone Group, Marine. 

Oolit~cu~i~<)~pfcw instances, ~ Mos~~~r~:~:i:~: 
Wealden Rocks, Estuary Deposit. 
Cretaceous Group, Marine. 
Tertiary Strata, Marine anJ Fresh Wat{'r, 

Diluvium, Terrestrial. 
l11Jercnce. It appears from the preceding statements) that by far the greatest part of organic 

remai ns are of marine origin. Nearly all the terrestrial relics, indeedi and many of fresh water 
origin, have been deposited beneath tht? waters of the ocean. 

5 . .9.mount of Organic Remains in the Earth's Orust. 

Descrip. The thickness of the fossiliferous strata in Great Britian, as has already been given 
in former Sections, so far as ascertained, is as follows. 

Tertiary Strata, 1350 feet. 
Chalk, 600 " 
Green Sand, 
'Ven.Iden Group, 
Oolite-mean thickness, 
Lias, 
New Red Sandstone, 
Mainesian Limestone, 
Coal Measmes, 
Millstone Grit, 

480 u 

900 u 

1230 " 
1050 " 

YOO " 

300 " 
3000 " 

900 ,, 

C:H"boniferous Limestone, 1800 " 
Old Red Sandstone, 5100 " 
Silurian Rocks, 7470 " 
Cambrian Rocks al lt>ast, 9000 " 

Total, 31080 feet, or about 6 1-2 miles. Phillips' Geology, p. 34 ar:.d 80. 
Dcscrip. Organic remains occur more or less in all the fossiliferous strata \\hose thickness 

has been given. As a malter of fact, they h:ive been dug out sevcr1l thousands of feet below 
the surface. 

Dcscrip. ln the Alps, rocks abound in organic rem:iins from 6000 to 8000 feet above the level 
of th e sea : in the Pyrenees, nearly as high; and in the Antles, at the height of 14000 feet. 

Frequently beds or layers of rocks, many feet in thickness, appear to be made up al
t he remains of anim:ils m· plants: indec<l, whole monutains, lmn<lrecls and even 
high, are escntially composed of organic matter. 

Descrii''· Prodigious accumulations of the relics of microscopic animals are frequently found 
in the rocks. 

Exai.-111/c:s. 1. From less than 1 1-2 ounce of stone, in TL1scany, Soldani obtained 10.454 
chambered shells, like the Noiutilus :-400 or 500 of these weighed only a single grain; and of 
one sprdes it took 1000 to make that weight. These WNe marine shells. Buckhmd's Bridge
water Tre1rtisc, Yo/. 1. P· 117. 

Ex. 2. But perhaps lhe most remar1rnhlc example :s th1t deri\•ed from the recent disoveries of 

the Prusisian naturaJ; ... 1, Ehrenberg, re!'pecting the fo~sil rcnrnins cif animalcul<B. Jn one pince in 

Germany is a bed 14 f!!rl thick, mac.le up of Lhe shiel<ls of animalcuhe so small that it requires 
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41.000.000.000 of them to form a cubic inch: and in another place, a similar bed is 28 feet 

thick. 

Descrip. It is a moderate estimate to say, that two thirds of the surface 
of our existing continents are composed of fossiliferous rocks; and these as 
already stated, often several thousand feet thick. 

6. Distribution of Organic Remains. 
Dcscrip. Existing animals and plants are arranged into distinct groups, each group occupying 

u cerlain district of land or water; and few of the species ever wander into other districts. These 

districts are called Zoological and Botanical Provine.es: and very few of the species of animals 

and plants which they contain, can long survive a remoYal out of the province where they were 

originally placed; because their natures cannot long endure the difference af climate, food, 

and other changes lo which they must be subject. 
Descrip. In some instances, organic remains are broken and ground by attrition into small 

fragments, like those which are now accumula.ting upon some beaches by the action of the waves: 

But often the most delicate of the harder parts of the animal or plant are preserved ; and they 

arc found to be grouped together in the strata very much as living species now are on the earth. 

111/erence. From these facts it is inferred, that for the most part, the imbedded animals and 

plants lived and died on or near the spot where they are found ; while it was only now and then,, 

that there was current enough to drift them any considerable distance, or break them into frag· 

men ts. As they died, they sunk to the bottom of the waters and became enveloped in mud, and 

then the processes of consolidation and petrifaction went slowly on, until completed. 
Remark. \Yere the bottom of our existing oceans and lakes, where mud, sand and gravel have 

been accumulating for ages, and enveloping the animals and plants that have died there, or been 

drifted thither, were this to be now elevated above the waters, we should find exactly such an 

arrangement of organic remains, as we find in a particular formation of the solid rocks. While 

there would be a resemblance between the relics in different seas and lakes, there would be 

great specific diversity; just as we find in different groups of rocks in different countries: and 

ht'nce the conclusion seems fair, that these rocks with their contents had an origin similar to the 

deposits now forming at the hot tom of existing bodies of water. 

Prin. In comparing organic remains from different formations, it should be recollected that 

they may belong ta the same class or order, or genus, and yet be widely different from one an· 

other : and that it is only when they arc of the same species, that they are identical. 

Descrip. If we oompJre together the remains or the Cretaceous formation, the red sandstone 

formation, the carboniferous system, and the Silurian formation, in different parts of England, 

we shall find that those most remote from one another in Jocality,differ most widely: but aln1ost 

without an exct>ption, those in each formation are specifically distinct from all those in the other 
formations. Phillips' Geology,p 51. 

Descrip. lf we compare the fossils of the Tertiary and Secondary Classes of rocks, we shall 

find that they have no species common, so far as has yet been ascertained, either of animal or 
plant. Lyell's Geology, Vol. 3. P· 327. First Eel. 

JJescrip. If we e:rnmine a formation through its whole f'xtent, we shall rarely find that any 

species of organic remains is universally diffused, unless the extent of the formation be quite lim

ited. 1f we compare the same formation in different countries, the specific resemblance between 

the organic contents will diminish nearly in the inverse ratio of the distance between them. 
Phillips' Treatise on Geolo91Jrom Ency. Brillan. p. 52·. 

Prfo. Rocks agreeing in their fossil contents, may not ha ye beeu contemporaneous in their 
dcpos:tion. 
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Proof The causes lhat have produced changes of organic life may have op~rated sooner up
on some parls of the globe than upon others; so that particular animals and plants may have con~ 
tinned to be deposited in some spots longer than in others. 

Remark. Probably, however, such a diversity in different parts of the globe could not have 
continued very long, so that rocks with the same organic remains may be regarded as not differ
ing greatly in age: and besides, as already stated, there is reason to suppose that in earlier times 
there was greater uniformity of climate and condition on the globe than at present. 

Inf. From all that has been advanced, it appears that an identity of organic remains is n9t 
alone sufficient to prove a complete chronological identity of rocks widely separated from each 
other: but it will sh.ow an approximate identity as to the period of their deposition j and in re
gard to rocks in a limited district, it will show complete identity. 

Prin. If the mineral character of two rocks agree, as well as the organic contents, their syn
chronism will be shown to be more probable. But on the other hand, a want of agreement in 
the mineral characters, ought not to be regarded as proof that they were not contemporaneous. 

Prin. Still stronger evidence of synchronism is obtained when rocks agree in their superpo
sition, as well as in the characters above named. This character, indeed, when it can be appli
ed, is very conclusive: but in remote regions it is applied with great difficulty. 

Tabular View of Organic Remains, 

Table. The (ollowing Tabular view of the Organic Remains in the different formations, will 
show how the different families of animals and plants are distributed in the rocks. It is derived 
from the late .. t authorities, within my reach. But it will be seen by the references beneath the 
Table, that these authorities differ widely in their dates ; so that some of the numbers are far 
more in accordance with the present state of the science than others. Nevertheless, some impor
tant inferences may be deduced from such a table: and therefore I give it, though confessedly 
imperfect. l have added the numbers of living species that bave been described, so far as I 
have been able to obtain any estimates that approximated near enough to the truth to form a 
b:isis of reasoning. Of course, all the numbers of this Table must be regarded 83 falling far be-
low the actual numbers, both of living and extinct species. 
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l rifcrencc 1. From the preceding table we learn that all the important classes of animals and 
plan ls arc represented in thl! different fc,rmalions. 

hfere11ct 2. We learn, however, Lhat in the Earlier periods of the world, the less complex and 
perfect tribes of animals and plants greatly predominated, and that the more perfect species bo-
came more an<l more numerous op to the creation of the preseat races. • 

Itlf. 3. V cgetable life must have commenced on the globe nearly as early as animal life. 
Inf 4. Dry laud, capable of sustaining vegetation, must have existed soon afler the deposi

tion of the fossiliferous rocks commenced. 
D escrip. The family of C.>niferous Plant' is found in the earliest rocks, and at each succes

sive change in the physical conditinn of the globe, the numl•ers of its genera and species increas
ed; until it forms among existing plants about one three lrnndredlh part of the whole flora, or 
nearly 200 species. Palms also occur, though sparingly, in all the formations. 

Descrip. The 300 species <if fossil plants found in and beneath the carboniferous strata, are 
two thirds tree ferns and gigantic Equiset<ice<e. Ten Conirerre, and plan ls interm~diate betwern 
these and Lycopodiacere, Lepidodendrirt.>, Sigillarire, and Stigmarire, together with 10 l\fonocoty
ledonous plants, form the remaim!er. JIIanlell's TV011ders of Geology, rol. 2. p. 568. 

Descrip. Of the 100 species found between the carboniferous strata and the tertiary groups, 
one third are ferns i ar.d most of the remainder are C'ycade<t', Coniferro, and Liliacere. More of 
the first named family have already been found fossil, than exist at present on the globe. Thry 
form more than one third of lhe entire fossil fiora of the secondary formations i but less than the 
2000th part of I he existing flora. 

])escrip. The plant!i of the tertiary strata approximate closely to the existing flora. 
Descrip. Ilelow the New Red 8anclstone vascular cryptognmim 7 or flowerless plants, greatly 

rare. Ji, the secondary strata above the coal, thrrc 
In the the latter prrdnmi~ 

Bridgewater 'li·eatisc, 

7. Periods in which dt'fercnl plants and animals began to (lppear on the 
Globe, and in 1v/iich some oJ them became e:i:linct. 

Prin. Jn general plants and animals heg<in to exist first on the globe during the period when 
the lowest rock in which tbeir remains are foun<l was depositeO. 

Ptoof. 1. Those animals anti phnts are excepted that are too frnil to be prcsen·ed in the 
rocks : but in respect to all othe-rs, no reason can be assigned why their remains should not be 
foun<l along with those of other organic beings existing at the same period. 

2. here comes in lo our niJ. For it is found that certain types of 
narlicula1· rreolorric,al periods: und having :iscertaine<l the type for 

any p<11 ticular pel'iod, wt may infer great certainty that an animal or plant of a very <lit~ 
ferent type will nol be found among the orgunic remnins of that formation. Thus1 we flnd in 
general the fo:.sils of the carboniferous group to have been adapted to a climate of a tropical 
char:wter: and to expert to find in that group 1 animals or plants adapted to a tempPrale climate, 
would be unreasonable; because the two tribes could not have existed in the same climate. 

J)escrip. The following is the order in which some of the most important animals and plant9 
have fir::.t appeared on thP. globe: in other words, the epol'h of their creation. lt may indceJ, 
be hereaftci· found, whe!I the rocks have been more extensively examined, that some nppear4 

ed earlier. 
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Marine Shells. 
Crustacea (Tribolites.) I 
Zoophytes. 

Silurian and Cambrian or Graywacke Period. Placoidians and Ganoidians. 
Fis/ies-(S.auroids and Sharks with hetcrocer-

Carboniferous Period. 

Red Sandstone Period. 

Oolitic Period. 

Wealden Period. 

Cretaceous Feriod. 

1 caltails-J 

( :t~::;·J~;\fi~~~!~· ~ ~e3r~i;s~~ial. 

\

Fish: (Cephalaspis, &c.) 
Aracltnidans : Scorpions. 
Cofeopterous Insects. 
Fresh Water She/ls. 
Dicotyledonous Plants-Coniferre; (Pines, &c.) 

Cycade:e. 
Monocotyledonous Plants, Palmae, Scitam

in::e. 

\

Tracks of Birds, Tortoises, and Chirothria al
lied to Marsupialia. 

Reptiles: Monitor, Phytosaurus, Tchthyosau
rus, Plesiosaurus, Mastodonsaurus, Theco
dontosaurus, Palreosaurus. 

Crustacea : Palinurus. 
Fishes : Palc:eoniscus, &c. 
Dicotyledonous Plants, (Vollzia.) 

Mammalia: Thylacotherium. 
Cetacea: Pha,colotherium, (Didelphys ofBuck
land.) 
Reptiles: Saurocephalus, Saurodon, Teleosau

rus, Streptospondylus, Megalosaurus, Lacer
ta neptunia, lElodon, Rhacheosaurus, Pleuro
saurus, Geosaurus, Macrospondylus, Ptero
dacty1us, Crocodile, Gavia!, Tortoise. 

Fishes: Pcynodontes and Lepidoides. (Dapc-
dium, &c.) with homocercal tails. 

Araclmidans: Spiders. 
Insects: Libellul::e, Coleoptera. 
Crustacea: Pagurus, Eryon, Sycllarus, Palre

mon, Astacus. 
Plants: Cycade:.e, (Pterophyllum, Zamia,) 

Conifenc (Thuytes, Taxites,) Lilia, (Duck
landia.) 

(Birds: Grallro, (Tiluate Forest.) 
] Reptiles: Iguanodo;, Leptorynchus, Tdonyx, 
~ Emys, Chelonia. 

l Fishes: Lepidotus, Pycnodus, &c. Fresh wa
ter and Estuary shells. 

(Reptiles: Mososaurus, &c. 
~ Fishes: Ctenoidians and Cycloidians. 

l 
Crustacea : Arcania, Ety:.ea, Corystcr. 
Pla11.ts: Confervro, Naiades. 



Tertiary Period. 

Alluviol Period. 
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r 
Mammalia, 1. .Eoce~ Period, 50 speciu :

Palreotherium, Anoplotherium, Lophiodon, 
Anthracotherium, Cheroptamus (allied to the 
hog). Adapis (Resembling the hedgehog) 

I Carnfoora: Bat, Canis (Wolf and Fox) Coatis, 
Racoon, Genette, Dormouse, Squirrel. Rep-

1 

ilea: Serpents. 
Birds: Buzzard, Owl, Quail, Woodcock, Sea 

Lark, Curlew, Pelican. Reptiles: Fresh 

I 

Water Tortoise!'!. Fishes: seven extinct spe
cies of extinct genera. 

2. Miocene Period: Ape, Dinotherium, 'I'apir, 
Chalicotherium, Rhinoceros, Tetracaulodon, 
Hippotherium, Sus, Felis, Machairodus, 
Gulo, Agnotherium, Mastodon. Hippopota-

1 mus, Horse. 

1

3. Pliocene Period: Ele:phant, Ox, Deer, 
Dolphin, Seal, Walrus, Lamantia, Mega
lonyx, Megatherium, Hyaena, Ursus, Wea
sel, Hare, Rabbit, Water Rat, Mouse, Dasy
urus, Halmaturus, Kangaroo and Kangaroo 
Rat. 

Birds: Pigeon, Raven, Lark, Duck, &c. 
Fishes: (in the formation generally) more than 

100 species now extinct, which belong to 
more than 40 extinct and as many living 
genera. 

Insects : 162 genera of Diptera, Hemiptera, 
Coleoptera, Aptera, Hymenoptera, Neuropte
ra, and Orthoptera•. 

Shells: In the Newer Pliocene Period, 90 to 
95 per cent. of livin~ species ; 35 to 50 per 
cent. in the older Pliocene : 17 per cent. in 
the Miocene: and 3 1-2 per cent. in the 

Pl~:t~.~e~o~~a~~~t~il{~;~ toE~~~ d~~!:~ts, 
Sycamores, and nearly 200 other species : 
se'fen-eighths of which are monocotyledon
ous or dicotyledonous-

5 Man and most of the other species of existing 
~ animals and plants. 

Human Remains. 

Prin. Geology alone has as yet been unable to fix the precise time when man first appeared 
on the globe; but it was certainly very recent, and one of the Jast displays of creative energy 
witnessed on the earth. 

Inference. Until thJ! exact period can be fixed when the remains of man first appear in the 
strata, geological time cannot be connected with historical time very definitely. 

Proof. The scriptures fix the chronology of man's creation; so that if we can determine 
during what geological period this took place, 've can ascertain what changes have occurred since; 
and what events preceded his appearance. To fix the date of any other existing animal's cre
ation, will not in like mnnner connect geological and historical dates, because some of the exist
ing species are mixed with exlinct races, and may have been recreated during the six demiurgic 
days of the scripture. 

95 
• Bronn'i;L<:thenGeognostica,p.BU. 
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8. Vertical Range of .!Jnimals a11d Plants ill the Strnta. 

Descrip. Not only did diffe rent species, genern, and families of animals commence their ex.· 

islence at very different epochs in the earth's history, l;ut some of them soon became extinct; oth

ers continued longer, and some even to the present time. 
Dear.rip. Species rarely extend from one formation into another; but genera frequently con

tinue through several formations; and a few, e,·en through the whole series of strata: and are 

still found among living a11imals and plants. Orders are still more extensive in their vertical 

range; and all the great classes, as has been shown, extend through the whole series. Yery 

many genera, however, and some orders, are limited to a single format10n. Others, after disap

pearing through one or more formations, again reappear. 

Out of the muhitudes of Cephalopods, or ch:i.mbered shells, that swar med in the ancient seas, 

only two species have continued to the present Lime; as may be seen by the following Table of 

their vertical range. 

I 
g 

I 
j 

§ jj 
• I ~ l j ~ -;:; .,; 

.el :.a ;:;: s 
~ ·e :;- ~ £ -;; 0 ~ z E :ll cJ5 ~ < ,___ __ 

Living Species. 

In Tertiary Strata. 

In Cretaceous System. 57 28 

In Oolitic do. 75 13 164 

Jn Salift:rous do. 

In Carboniferous do. 13 28 26 33 

ln Graywacke do. 11 29 3 I 17 

9. Comparison of Fossil and Living Species. 

Prin. It is a moderate estimate to reckon the species of organic remains hitherto described 

ia the rocks below the tertiary strata, at 5000. Y ct scarcely none of this number have thus far 

been identified with ::my now living on the globe. In many cases they differ even generically. 

Rem. The aborc estimate would make the whole number of fossil species 9000. 

Prill. The deeper we descend into the earth, that is, the. older the rock, 
the more unlike in general are its orgainc remains to existing species. As 
we ascend, we find a nearer and nearer approximation to existing species in 
each successive formation. 

Deicrip. Jn 1833 the number of shells in the tertiary strata that had been disco\"ered and de

iCribed by M. Deshayes in Europe, ~mounted lo 3036: Of these, 568 were identical with spe-
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cies round in our present seas. They were distributed howe\'"er, very unequally through the 
different groups of these strata as follows. 

Jn the Eocene or oldest Group, 1238 species: Living analogues, 42. 
Jn the Miocene, 1021 do. do. 176. 
In the Pliocene, 777 do. do. 350. 

Prin. The organic remains in the northern parts of the globe, corres· 
pond more nearly to existing tropical plants and animals, than those now 

· li1•ing in the same latitudes. 

Proof It is well known that the Fauna and Flora of tropical regions are so different from 
those in higher latitudes as to strike every observer. Now any one who is acquainted with 
these peculiar features of tropit'al organic life, even as they are e:-.bibited in books, will be struck 
wilh lhcir resemblance to the organic remains in the fossiliferous strata. The following examples 
may serve for illustration: beginning wi~h the highest of the strata, viz. diluvium. 1. Along 
the shores of the Arctic Ocean in the banks of the great ri,-ers, such as the Oby, the Y enesi, 
and the Lena, are found immense quantities of the bones of the extinct species of elephant called the 
mammoth. The region in which these remains occur, is almost as large as the whole of Europe. 
Now although the fact that these animals were covered with hair, proves that the climate where 
they lived, was colder th;rn that where na.ke<l elephants now live, yet it must have been much 
warmer than tilt! present tc:mperature of Siberia, in order to produce vegetables for their suste
nance. The rhinoceros found fossil in the same country confirms this conclusion. 2. The bones 
of extinct species of ele-phant, rhinoceros, hippopotamus, lion, tiger, byrena, &c. genera confined 
almost exclusively within tbe tropics at this day, are found scattered through the diluvium of 
almost every part of Europe. 3. When shells are found in the tertiary strata in northern coun.
tries, identical with those in existing seas, their analogues are almost universaliy found in tropi
cal seas: and when the same species occurs in the Mediterranean, for instance, as is found fossil 
upon its shores, the latter is much larger than the former : and it is a well knuwn fact that the 
same species in tropical regions attain a greater size than in colder climates. 4. The great size, 
both of the animals and plants found in the seconJary strata, compared with that of living org:i.nic 
beings of a similar kind, shows a state of clim:i.te during their growth very favorable to their de
velopement: suc.h a climate, in fact, as exists in tropical countries. 5. The great number or 
chambered shells, such as ammonite, orthocera, &c. found in the secondary rocks, confirms this 
proposition, since the few representatives of these shells still found alive, occur in warm latitudes. 
6. But perhaps the most striking evidence of a warm climate, d11ring the deposition of th-: secon
dary rocks, exists in the fossil flora of the coal formation. This is filled with gigantic plants of 
genera mostly found within the tropics ; such as equiseta, lycopodiacere, tree ferns, palms, &c.: 
and n person who is familiar with these remains, is struck, on going to a tropical country, with 
their resemblance to the vegetation around him; us he is with their want of resemblance to the 
flora of high la.titudt::s. These: tropic<il plants have been found in the rocks around Baffin's Bay, 
and even as far north as MelviJIP Jsland, in 75° nol'th latitude. · 7. Numerous organic remains 
in the secondary rocks, even in the oldest fossiliferous strata, appear to have once constituted 
coral rel.!fs; such as are now found only in tropical seas. Such relirs as these, also, have been 
found in the rocks of Melville Island. Ly•ll" Principles of Geology, Vol. !. p. 98. 

Prin. lt is probable that during the deposition of the older fossiliferous rocks, the climate wrut 

ultra-tropical; that is, warmer than at present exists on the globe. 
Prin. The temperatuie of the climate seems to h;;ive gradually sunk during the successive de

position of the different groups of fossiliferous rocks. 
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IO. Description of individltlll and peculiar Species of Organic Remai11s. 

PLANTS, 

Descrip. The number of fossil plants yet described amounts to about 600. (Phillip's Treat
ise on Geology, Vol. 1. p. 70.) Of these, more than 300 are contained in the strata below th& 
top of the carboniferous Group: more than 100 in the rocks between that group and the tertiary 

strata ; and nearly 200 in the tertiary . 

.lllglX or Sea Weeds. 

Descrip. Existing submarine vegetation, amounting to more than 500 species, may be arrang-

ed iD three divisions ; dependent for their characters upon climate: the first group occupying 

the frigid, the second the temperate, and the third the torrid zone. A similar distribution of the 

fossil marine plants, will bring all those below the top of the new red sandstone into the class 

of tropical plants : while those higher in the series, approximate more and more to those now 

existing on the globe. Adolphe Bro11911iart's Hiatoire des Vegetaux Fossiles, Livraison 1. p. 41, 

Descrip. In the lowest rocks most of the plants are marine. Fig. 220, represents a species 
or fuooidee. 

Fig. 220. 

M11sci and Filices: or Mosses mid Ferns. 

Dt.scrip. On account of their delicate structure, mosses are rare1y preserved in the rocks. 

But ferns are very abundant; especially in the more ancient strata, where they are found of a 

size at least equal to those now growing in the torrid zone, which are often from 40 to 50 feet 

high. Fig. 221, is asketch of some of these tree ferns, now growing in tropical climates. 
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De ·crip. Europe at the present lime does not contain more 
than 30 or 40 species c,£ ferns, and these or diminutive size; 
whereas more than 200 species have been found in the coal 
formation of the same quarter of the globe. Adolphe Bro11Gni
art i1i American Journal of Science, Vol. 34.p. 319. 

LycopodiaceOJ, or Club mosses. 

Descrip. The Lycopodiacere are a tribe of plants intermediate 
between ferns and coniferre on the one hand, and ferns and moss
es on the other. L7ndley's Natural System of Botany, 'P· 313. 

Lepidodendron. This fossil plant approximates m its character 
to the Lycopodiacere: or rather, it seems to be intermediate be
tween the club moss tribe, and the conifer::c or pine tribe. It is 
abundant in the coal formation, where it is sometimes found 
from 20 to 45 feet long ; and M. AJ. Brongniart has described 
34 species. The genus is wholly extinct. Fig. 222 will coc
vey some idea of these plants. 

EquisetaceOJ. 

Descrip. Living plants of this tribe are call~d horse-tails, 
Lcpidodcndr11n. cat-tails, s.courfrig rushes, &c: and although vf frequent occur-

rence in all climates (the most frequent in the temperate zones) they are of diminutive s ize, even 
in the torrid zone, compared to those found fossil. The latter are divided into two genera, 
Equisetum and Ca/amiles: the former corresponding ,·ery nearly to living equiseta, but the lat
ter differing a good deal in structure and size; being much larger than the equiseta. Fig. 223 
is a Calamites destitute of leaves. 

Fig. 223. 

Plants in the Older Strata not yet referred to any l'ivi'ng Classes witli certai"11ty. 

Si'gitlari'a. 

Descrip. The Sigillaria ate large trq_nks,from half a foot to three feet in diameter, and from 
50 to 60 feet long, covered u~ually with ftuting and scars. Brongniart enumerates 42 species ; 
and regards them as c1osely allied to arborescent terns : But Lindley and Hutton offer good rea
~ons for supposin.g them dicotyledon~us plants, different from any n.ow on the globe, yet approach
rng the~uphorbueaQd Cactere .. Fig. 224,re~resents the flutings and scars of one of these plants. 

De1cn1!. Se.veral other exh~ct genera, with scars similar to those on the Sigillaria i that is,. 
arranged m vertical rows, occur m the same rocks, and are probably Conifer~. Fig. 225, shows 
a portion of one called U!odeodron. 
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Fig. 224. 

Fig 225. 

Descrip. Another very extraordinary fossil plant of the coal formation, is called Stigmaria. 

It consists (Fig. 225,) of a dome shaped center, three or four feet in diameter, from which pro

ceeded branrhes 20 or 30 feet long, covcrcJ with tub~ rclcs, to which were attached cylindrical 

1mcculent leaves. It was prob:ibly an aquatic plant, which floated in the water, or trailed in 

swamps. lt is thought to have been dicotyledonous. 
/Jescrip. Another remarkable and beautirul tribe of plants, not unfrequent in the coal forma

tion, had whorled leaves, like the flower of the Aster: hence one genus is called Aslerophyllitea. 

Fig. 226, shows one of these from the coal mine in Mansfield, Massachusclls, and has been al

ready dt>scribed . 
Fig. n5. 

Fig. 226. 
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Coniferce and Cycadece. 

Descrip. Sometimes the trunks of these gigantic trees, as well as some of the other plant! 

that ha\•e been described, are found standing erect, rarely in the very place where they grew : 

but generally they appear to have been transported, ?.nd to have assumed an uprig-ht position by 

the greater specific gravity of the roots. Fig. 227, shows the stumps of an ancient forest of Con

iferre, with the roots imbed<led in the black vegetable mould in which they grew j the whole 

being now converted into stone. The section was taken in the Isle of Portland, Eng. 

Fig. 227. 

Descrip. The Cycade:E are a remarkable family of plants, occupying an interinediate place 

between alms, Ferns, and Coniferil!; filling up an important link between dicotyledonous, mon

ocotyledonous, and acotyledonous vegetation. Only two genera and 22 species are known as 

now Jiving upon the globe. Bul <luring the <leposition of the rocks above the coal, they form

ed a large part of the vegetation. For out of 70 species of land plan ls found fossil, during this 

period 29 species are cycadere, refcrn.ble to 4 genera. They have lately been found also in the 

~oal formation. The living species mostly g:row in tropical climates. Fig. 228, represents a 

living species of these plants. 
R em. The great size of many fossil plants an<l the \'ast accumulations of carbonaceous matter 

in the coal formation, render it probable that the vegetation of the early periocls of the globe was 

far more abund:rnt than at the present day. Yet as the trees were mostly without flowers, and 

unenlivened by the presence and voices of any vertebral ~nimals, the landscape must have pre

sented a very uniform and sombre though imposing aspect: better adapted to a state of prepara

tion for the higher orders of animals, thun for their actual existence: better adapted to prepare 

fuel for man, than fot· his happy dwelling. 

ANIMALS. 

1. Radiated .llnimals. 

Descrip. The number of zoophytes in a fossil state is very large; and in almost every case, 

they diflbr spccificaHy, and frequently generically, from existing species. I shall nolice those, 

chiefly that are most unlike such as now live on the globe. 
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Fig. 228. 

Crirwideans, or Enctinites. 

Deacrip. The two genera that have attracted most attention are the Encriniltl moniliformia, 

()f Lily Encrinite, or Stone Lily, a11d the Pentacrinu!. The former consists bf a vast number of 

Httle joints, or bones, forming a column, (which may be called the vertebral column, although 

tht!se animals are iovertebral,) for the support of a cup like body, containing the viscera, and 

from whose margin proceed five articulated arms, divided into tentaculated fingers, more or less 

numerous, surrounding the mouth.-The animal was fixed at the bottom of the ocean, or to a 

viece of wood, and merely mO\·ed as far as it could reach by bending ils very flexible column, 

,\hich was admirably fitted for this purpose. The: number of little bones, or joints, composing 

the hca<l alone of this species, is estimated at 26.000. These bents arc perforated and are used 

somctimC's for rosaries. This animal relic is shown in Fig. 229. 
De$crip. The stem of the Encrinitt! was circular, but that of Pentacrinite pentagonal. The 

latter also had usually a greater number of side arms and of joints. One of the most remarkable 

species "as the Briarean PeJ1tC1crifiite, (Pentacrinus Briareus) so called on account of the great 

number of its hands or tentacula. The bones in its fingers and tcntacula, amount at least to 

100,000: and those of the side arms, to at least 50,000 more. And since each bone must ba\'c 

had two sets of muscular fibres for contraction and upansion, these bundles of fibres in the whole 

animal must have been as many n.q 300,000. This vastly exceeds the muscular apparatus in any 

other animal. \Ybat a contrast to man, whose bones are only 241, with 540 muscles! 

Fig. 230, shows another genus of this family, the Apiocrinites or Pear Encrfoite. It is repre

sented as re.stored, and situated as if in the water. 
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Fig. 229. 

Fig. 230. 

Lily E.,crinit~. 

Descrip. Polypi, Polypifers, or Polyparia, are minute radiated animals that have the 
power of secreting carbonate of lime, and thus of building up large stony structures from the bot
tom to the surface of the ocean. They swarm in immense numbers in the seas of tropica.l 
climates, and form coral ree(s which sometimes extend hundreds of miles. They seem to have 
existed in all ages, and to have formed similar deposits, which are now ranked among the lime
stones. Figs. 231, 232, and 233, show several living species of these animals as they are 
attached to their stony habitations. 

Fig. 232. 

Fig. 233. 

Pulworia. Polyparia. 

Infusoria. 

Desctip. These animals are not discernible, with a few exceptions, but by powerful micro
scopes: an<l as they usually occu1· in some sort of infusion, they have been called Jnfusoria; 
though they generally go by the name of Animalcu/tLJ, The recent astonishing discoveries of 
Ehrenberg, a Prussian naturalist, have given a new aspect to this department of animated nature, 
even in a geological point of view. He has described 722 living species, which swarm almost 
everywhere, even in the fluids of living and hea1lhy animals, in countless numbers. 

JJescrip. Formerly they were thought to be the most simple of all animals in their organiza
tion: to be in fact little more than mere particles of matter endowed with vitality ; but he has 
Jjsco,·ered in them mouths, teeth, stomachs, muscles, nerves, glands, eyes, and organs of repro· 

96 
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duction. Some of the smallest animalcuh:a are not more than the 24,000th of an inch in Jiamc• 

ter; and the thickness of the skin of their stomachs, not more than the 50,000 OOOth part of au 

inch. In their mode of reproduction they are viviparous, oviparous, and gemmiparous. An indi· 

vidual of the Hydatina senta increased in ten days to l.000.000: on the eleventh day, lo 
4.000.000; and on the twelflh day, to 16.000.000. In another case he says that one individual 

is capable of becoming in 4 days, 170 billions! Am. Journal of Science, Vol. 35. p. 372. 
De1crip. Leuwenhoeck calculated that 1.000.000.000 animalcul1:e, auch as occur in comrr.on 

water, would not altogether make a mass so large as a grain of sand ; Ehrenberg estimates that 

500.000.000 of them do actually sometimes e"ist in a single drop of water. 

Deacrip. Surprising as these facts are, it will perhaps seem still more incre<liblo, tha~ the 
skeletons of these animals should be found in a fossil state, and actually constitute nearly the 

whole mass of soils and rocks "everal feet in thickness, and extending over areas of many acres. 

Yet this too has been ascertained by the same acute Prussian naturalist. The following forma. .. 

lions, he says, are of this description. 

ii: ~~~s;!g~~~~h~~iceous incrustation, from hot springs. ~ Alluvial. 

3. Polierschiefer, Polishing Slate, a variety of Tripoli,~ 
or rotten stone. Tertiary. 

4. The Semi-opal of the Polierschiefer. 

Probably of lhe same 5 5. Semi-opal of the Dolerite. I . 
nalure. ~ ~: f,fi~c;~~\~:~bo:i~bc Porphyry. ~ Secondary and Primary. 

Descrip. Some of the above subst::mces occur in large quantity. The polishing slate for cx

Q.mplc, at Dilin in Germany, forms a bed 14 feet thick, and tho eatable infusorial earth near 
J.uncbourg, a bed above 20 feet thick. Y ct it would take 41.000 millions of these skeletons ta 

make a cubic inch ; their 1111weight being only 220 grains ! A single shield or carapace, wcigh!I 
about the 187 millionth part of a grain ! 

Descrip. In New England nnd New York, the si1iceous marl already describeJ as occurring 

beneath peat in s'vnmps, has been recently shown by Prof. J. \V. Bailey, of ~"'est Point, to Leal~ 

most entirely made up of the fossil skeletons of Jafusoria, belonging to the family of IlaccillariEe: 

some.of wbich appear to be identical \1rith those found by Ebrenberg in Germany. It is tho 

Bergmehl, or mountain meal, of the Germans, and is frequently called fossil farina. Fig. 234> 

s1.ows a group of these fossil skeletons, sketched by Prof. Bailey, as they appear when diffused 
in water, under the microscope. 

Fig. 234. 

© 
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Fu11it l1t/1u0f'ia. 

nemip. Of 80 species of fossil iofuaoria di•covered by Ehrenberg, nearly one half IJclong lo 
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extinct species. Those in the recent strata, nrc all fresh waler animals; but those in the chalk, 
Rre marine. London and Edinburgh Philosopl,ical ,lfaga.zine/or May 1839.p. 377. 

Descrip. " The fossil animalcule from iron oc:hre is or.ly the one twenty first part or the 
thickness of a human hair; and one cubic inch of this ochre must contain one billion of tho 
skeletons oi living beings.;; Wonders oJ Geology, 1-01. 2. p. 689. 

2. Jl.rticulatcd Jl.nimals. 

Descri.p. The animals of this class arc distinguished by having ~nvelopes connected by annu 
luted plates or rings. 

D escrip. t.Jntil recently> no insects had been discovered lower in the rocks than the Oolite: 
hut two species of Coleoptera, :ind one of Corydalis, have of late been disinterred in the coal for· 
tnation. Bucldcmd's Bridgewater Treatise, Vol. I. p . 409. Not less than 25 species occur in the 
Oolite, and 244 species in a fresh water formation of the Tertiary group. Bronn's Leth111a Geog~ 
noslica,p. 811. 

.Brachnidans, or Spiders and Scorpions. 

lJescrip. The scorpion bas recently been found in the coal formation In Bohemia, by Count 
Sternberg j and is the first exomple of this animal in a fossil stole. Spiders have not been 
found lower than the Oolitic series, where only two species are recognized; but in the freshwa
ter tertiary several species occur. 

Oruslaccans. 

Descrip. Cn:istaeeous animals are not common in the rocks; yet the King Crab (Limulus,) 
tlO abundant on the coast of New England, has been found in the coal formation, rtnd also in the 
Oo!ite, wh~r~ olher animals of' this family occur. BLit the most remarkable animal of this class 
ls extinct, viz. 

T!te Trilobite. 

n esaip This singular animal, which is (ounci in the oldel· fossiliferous rocks, in all the 
northern parts of Eurnpe, ln North and South America., and at the Cape of Good Hope, wae 
long confounded with insects. But 1t was at length ascertained that it corresponded tnost nearly 
to the living genera of Crustaceans, lhe Serolis, Limulus, and Branchipus. Figs. 235, 236, rep
tcsent two genera oi trilobites, out or the ten genera and 52 species that are known. It will be 
l;ecn that this animal is composed of n shield covering the anterior part of the body, whila tho 
abdomen bas numerous segments which fold over one another like those on a lobster>s tail. By 
this arrangement some of the species had the power to roll themselves up like the wood louse, or 
the armadillo, and thus of defendiug themseh·es against enemies. These animals were some
limes 5 or 6 inches long, and are divided by longitudinal furrows into three lobes; and hence 
their name. 'they seem to have been destitute of antennm, and their legs, which were soft, and 
which anSwet'ed the purpose of legs and wlngs, have disappeared . 

.Deacrl.p. Trilobites abounded ri.mong the earlier inhabitants of the globe, being most commoh 
in the grnywacke. A few species occur in the cnrboniferous strata; above 'vhicb, not a traco 
of them hrts been discovered. Jn the carboniferous slrnta they are acCom~ained by the Limulus . 
This latter also occurs in tbe oolitic group, wilh other Crustaceans of a higher order. 

Dc,crip. Perhaps tht:> most curious fact respecting the trilobite is the discovery of their eyes, 
which are sometimes perfectly preserved. It is well known that the eyes of crustaceou~ ailimals, 
like those of in.sects, are made LIP of a vast number of facets, or lenses, placed at the end of tLibes, 
which are arranged side by side, so as to produce a radiating mass of eyes, which heing general 
1y of a hemispheric:il or conical form, and sometimes elevated from the head on a stem, enablo 
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the animal to see in every direction; although their eyes have no motion. In some insects the 

number of these lenses in both eyes, as in the house fly, is 14.000: in other cases (the dragon 
fly,) 25.000; in others, (the bullcrily,) 35.000; in others (the Mordella,) 50.000. But in tho 

trilobite they amount only to about 800. The 'vhole mass is of conical shape as is shown in 

Fig. 237. 

Fig. 235. ~"'ig. 235. 

5. Mollusca. 

Chambered Shells. 

Deurip. These are univalve shells, which ate divided into numerous compartments, or 

chambers, by cross partitions; as is shown in Fig. 238, which is a section of the common Nau· 
ti/us pompilius. These partitions are all perforated by what is called the siphunclt, which con· 
sists mostly of a membrane, having the form of a tube, and being so firmly fastened to the 
pnrtitions that no air can pass by it into the chambers. The animal resides in the outer chamber, 
and is connected with the others only by the sipbunclc. 

Fig. 238. 

Fig. 237. 

Eyu oft.w Trilobitt. 
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.!J.mmonites. 

Descrip. With the exception of one or two species of Nautilus, all the larger species of mul
tilocular or chambered shells have disappeared from the earth, although in e1rly times they 
were very numerous and widely diffused, and oflen of enormous size. They resemble the Nau
tilus in general form and structure, although generically different; and they are sometimes found 
more than four feet in diameter. Figs. 239, 240, represent two species of Ammonites. 

Fig. 239. Fig. 240. 

Ammcmitcs. 

Details. Brochant enumerates 270 species of ammonites : Phillips mentions 274, which he 
distributes as follows: In Graywacirn 17: In the Carboniferous system 33: Jn the Salife
rous system 3 : In the Oolitic system 164 : In the Cretaceous system 57 : In the Tertiary Stra
ta, o ? Treatise on Geology, ViJl. 1. p. 83. 

Descrip. It is well ascertained 1.hat in some chambered testacea, the shell is coutalned within the 
animal; as in the Spirula Peronii 1 Fig. 241. This appears to have been thf! case with several 
extinct genera , as the Orthaceratite, Lituite, Baculite, Hamite, Scaphite, Turrilite, Nummu1ite, 
nnd Belemnite. 

Orthoceratite. 

Descrip. As its name implies, this was a strait shell divided by transverse septa into cham
bers, of which nearly 70 have sometimes been counted. It has been found a yard in length, and 
half a foot in diameter; forming afloat, which would have been sufficient for an animal far larg
er than any existing cephalopod. Fig. 2421 shows the shell of an orthocera with one of the septa. 

Fig. 24\· Fig. 242. 

SpirulaPerOfl-ii. 

Belemnile. 

Descrip. This intcrnaJ shell resembled a conical arrow, with a cavity of similar shape, in whioh 
was a thin l1orny sheath, and within this a thin conical chambered shell, or afJJeolus. It wns 
provided, also, with an ink bag, like the living Sepb1 or Cuttle Fisb, as a defence against ene
mies, or rather, as a means of making good their retreat. These shells are found only in the 
oolite and the chalk, and 83 species have been described. 

Fig. 243
1 

shows nn imaginary restoraiion of lbe Bclernnosepia, as made by Dr. Buckland, 
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(Bridgewater TreatiJe, Vol. z. plate 44. fig. !. ) exhibiting the animal with the internal shell and 
ink bag. 

Fig. 24S. Jl/iumnulites . 

.1Jescrip. These extinct shel18 are so called from their ro .. 
.semblance to money. They are generally of very diminutive 
size, and belong to what are called theforaminated polythala· 
mous, or many chambered sheJls. They ore chiefly remarka .. 
hie for their vast numbers, constituting often almost the 
entire mass of whole mountains, in the tertiary and newer 
secondary limestones. The Sphinx and some or the pyramids 
of Egypt are composed of nummulitic limestone. Fig. '244, 
exhibits a .spccirs of nummulite. 

},'ig. :!44. 

Loligo or Outtle Fislt. 

Descn'p. lt is well known that the Cuttle fish (Sepia <Jr 
Loligo), is provided with a bag of ink within its body, from 
which the Sepia used in pain ling is obtained ; and also With 
an internal bone, or in some species, a mere thin cartilaginous 
substance like horn, that resembles a quill, Both the ink 
and the pen of the Loligo have recently been discovered in a 
fossil state, in England. Buckland'$ Bridgewater Treatise, 
Vol. 1. p. 303. 

Rem. It is a very curious fact, that a substance so easily 
destroyed as ink, should have been so perfectly preserved ih 
the tins limestone of Lyme Regis, that after thousands and 
perhaps ten thousands of ages, il can be extracted, and the 
paint formed from it cannot be distingui!hed from the beet 
'' hich artists now prepare. 

Bivalve Sltells, mostly extinct. 

Descrip. Of the Terebratula, (Fig. 245,) 30 species have been found in the graywncke; 21 in 
the carboniferous system; 14 in the new red sandstone; 40 in th~ oolite; 57 in the chalk; 18 
Jn the tertiary strata, and 12 among living molluscs. 

Descrip. Of the Producta, (Fig. 246,) 21 species are found in the graywacke; 36 in the car
boniferous system ; and in the new red sandstone, 7; none above. 

Of the Spirifer, (Fig. 247,) which shows the spiral appendages within the shell as well as the 
external appearance, 37 species are found in the graywacke, 48 in the Carboniferous l!lystem, and 
7 in the ted sandstone ! none above. 
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~'ig. 245. Fig. 248. 

Fig. 247. 

Spiri{tri.. 

VERTEllRAT, ANIMALS. 

Descrip. This extensive division of tbe animal kingdom embr::i.ces those animals whose or

ganization is the most perfect, with man at their bead. A cranium, and vertebral column, which 

encloses the principal part of the nervom; syi;tem, and a regular skeleton, covered by muscles, 

constitute the principal anatomical di.stinctions between this class and the three that have already 

been considered. It is divided into four well marked tribes: 1. Mammalia, 2. Birds, 3. Rep

tiles, 4. Fishes. 
Pzslws. 

Descrip. The number of living species of fish now known, amounts to about 8000: and the 

number of fossil species to more than 850. Buckland's Bridgu.cater Treatise, Vol. 1. p. 267. 

Descrip. Fishes are found in all the great rock formations from the graywacke upwards :-a 

fact which is not true of any other class of vertebral animals; and therefore, the history of fos-

6il fishes becomes of great importance. 

Prfo. Not one species of fish has yet been found that is common to any two of the great geo .. 

logical formations; or is now living in the ocean. 

Prin. Fossil fishes do not change insensibly as we pass vertically from one formation to an

other, but abruptly; and these changes occur simultaneously with those in other classes of or

ganic remains. 
Inference. Hence the conclusions that have been made from the hislory of other organic re

mains, a.re confirmed by this new branch of palceontology. 

Descrip. Below the chalk not even any genus is found that embraces any living species: those 

of the carboniferous strata disappear wilb the deposition of the new red sandstone: those in the 

oolite, introduced after the epoch of the new red sandstone, suddenly vanish with the appear¥ 

ance of the chalk. Two thirds of those in the chalk and one tbi1•d of those in the lower tertia

ry strata, belong to genera no longer existing. America11 Journal of Science, Vol. 30. p. 40, 41. 

Prin. In some of the groups of animals preser\"ed in the rocks, certain types of organization 

predominate; and such was the correlation between diB'erent species, that they often conform 

more or less to the prevailing type. 
Ewmples. I. In tbe older fossiliferous rocks, tribolites occur in great quantities; and in the 

old red sandstone is found a genus of fishes opprooching in form to the tribolites. Fig. 248, ex· 

bibits • species of this kind. 
Fig. 248 
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Ex. 2. In the secondary strata, during the deposition of the oolite, especialJy, saurian reptiles 

prevailed exceedingly. And Agassiz has described 17 genera of sanroid fishes, found in all the 

formations from the carboniferous upward, except the tertiary: but only two generar emain among 

living fishes: viz. the Lepidosteus osseus or Bony Pike of North America ; of which there ex~ 

ist five species and the (,alypterus of two species. Some of these sauroid fishes in the rocks 

were of enormous size; their teeth being larger than those of the living crocodile. 

Sitar ks. 

Descrip. These fishes occur in a living state all over the globe ; and there seems to have 

been no period in geological history in which they did not prevail. More than 150 s1Jecies have 

been found fossilized. 
Descrip. Another singular variety of fo.h is found in all the strata below the lias, distinguished 

by their heterocercal or unsymmetrical tails; that is, by tails whose upper lobe extends much 

the forthest by the prolongation of the vertebral column Fig. 249. represents one of these 

fishes of the genus Palreoniscus. Most living fishes have homccercal, or equally bilobate tails. 

Fig. 249. 

~ 
Coprolites. 

Descrip. The fecal remains of fishes and other animals, which have been found frequently in 

several formations, have been callcJ Coprolites. Sometimes they are found detached and some

times in the body of the animal; and the information derived from them, as to the food, habits, 

&c. of the animals to which they belong, is of great importance. 

Reptiles. 

Def. The remains of Reptiles in the rocks arc perhaps more rem:irkablc, and have excited 

more astonishment and incredulity, than those of any other class of animals. This is especially 

true of that tribe called Saurians: which, in popuJar language, are nearly the same as Lizarda: 

though the Lizards properly so called, embrace only two genera of Lacerta. Cuviu'a Rcgne Jha
imal, Tome 2.p. 30. 

Saurians. 

Descrip. The most remarkable feature of the fossil saurians is their great size, as compared 

'dth those species still found upon the earth. The crocodile is the only exception to this re

mark ; the living species being probably as large as those that are extinct. But the true croco
diles did not begin to appear till the tertiary epoch. 

Descrip. I\o fossil saurian has Leen found below the ;nagncsian limestont! of the new red 

sandstone system. It was not, however, till the oolite and wealden period that their number 

was Jarg~, and ~heir development com.pletc. Th.at may be truly called the Age of Reptiles; or 

the Saunan Reif.in. At least 40 species of Saurians have been described already from the oolitic 
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group, and 11 species from the Wealden Rocks. In all the formations there have been found 
about 80 species. 

Def. Dr. Buckland divides the fossil Saurians into the Marine, the Terrestrial, the Amphibi· 
ous, and the Flying. Bridgewater Treatise, Vol. I. p. 165. 

lchthyosaurus. 

Descrip. This animal, sometimes more than 30 feet long, and of which 7 or 8 species are 
known, had the snout ofa porpoise, the teeth of a crocodile, (sometimes amounting to ISO,) the 

head of a lizard, the vertebrre of a fish, the sternum of an Ornithorhynchus, and the paddles of 
a whale: uniting in itself a combination of mechanical contrivances which are now found among 

three distinct classes of the animal kingdom. One of its paddles was sometimes composed of 
more than 100 bones; which gave it great elasticity and power, and enabled the animal to urge 

its way through the water with a rapid motion. Its vertebrc:e were more than 100. Its eye was 

enormously large: in one species, the orbital cavity being 14 inches in its longest direct.ion. 

This eye also had a peculiar construction to make it operate both like a telescope and n micro

scope: thus enabling the animal to descry its prey in the night as well as day, and at great depths 

in the water. The length of the jaws was sometimes more than 6 feet. Its skin was naked, 

some of it having been found fossil: its habits were carnivorous, its food, fishes and the young 

of its own species; some of which it must have swallowed several feet in length. This fish
like lizard was an inhabitant of the ocean. Fig. 250, exhibits a restored Icthyosaurus, by Mr. 

Hawkins. Memoirs of Ichthyosauri and Plesiosauri
1 

extinct Monsters of the ancient earth. By 
Thomas Hawkins, Esq. Foliowith2S plates. 

Fig. 250. 

lckt.hyr>Sauru. 

Plesiosaurus. 

De1crip. This animal, of which 6 or more species have been found, has the general structure 

of the Icthyosaurus. Its most remarkable difference is the great length of the neck; which has 

33 vertebr:e: a larger number than in any known animal: those of living reptiles varying from 

3 to 6, and those of birds from 9 to 23. 
The largest perfect specimen yet found is 11 feet long i with about 90 vertebra» Its paddles 

were proportionally larger than in the Ichthyosauri. It was carnivorous ; an inhabitant of the 

ocean, or rather of bays and estuaries: where it probably used its long neck for seizing fish be

neath, and perhaps flying reptiles, above the waters. Fig. 251, exhibits a restoration of one of 

the most remarkable species, the P. Dolichodeirns, by Mr. Hawkins. 

Fig. 251. 

Remark. According to Dr. Harlan's Medical and Physical Researches, lchthyosauri and Plesi-

97 
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osauri ha,•e been found in the secondary rocks of the United StatE's. He has also describ"d 
another gigantic reptile from this country under the name of BaLrachiosauros Missourirnsis. 
Mining Rei·iew for January, 1839, p. 10. 

Igua11odo11. 

Desc.rip. This animal approaches nearest in its structure, especially that of the teeth, to the 
living Iguana: a reptile of the warmer parts of this Continent; and hence its name; signifying 
an animal with teeth like the Iguana. Its average length could not have been less than 70 feet, 
and Dr. Mantell thinks some individuals must have exceeded 100 feet: Circumference of lhe 
body, 14 1-2 feet : length of the tail, 52 1-2 feet: do of the hind foot, 6 1-2 feet: circumference 
of the thigh, more than 7feet ! The form of the teeth shows it to have been herbivorous, like 
the living Iguana. It had a horn 4 inches long upon the snout, like some species of Iguana. 
Fig. 252, which represents an Iguana, will probably give some idea of the lguanodon. 

Fig. 252. 

~ 
lgwuo.. 

Pterodactyle. 

Descrip. Tbi.s animal had the head and neck of a bird, the mouth of a reptile, the wings or a 
bat, and the body and tail of a mammifcr. Its teeth, as well as other parts of its structure, show 
that it could not have been a bird; and its osteological characters separate it from the tribe of 
bats. Dul in many respects it had the characters of a reptile. The outer toe of its fore feet was 
f"normou:sly elongated, to furnish support, it is probable, for a membranous wing. By tlii1l 
means it was doubtless able to fly like the bat; while the fingers with claws projecting from their 
wingc;;, enabled it to creep or climb. 'Yhcn its wings were folded, it coulJ probably walk 
on two feet; and it is most likely also, it could swim. Jts eyes were enormously large; 
so that it could seek its prey in the night. It probably fed on insects chiefly; though perhaps, 
also, it had the power of di\•ing for fish. Eight species, from the size of a snipe to that of a 
cormorant, have been found in the oolite and lias in England, and on the continent of Europe, at 
~olenhofon. .Fig. 2531 shows several of these anin.als restored. 

Fig. 253. 

Rtmm·k. "Thus,11 says Dr. Buckland, ' 1 like Millon's fiend, all qua:ified for all services, and 
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all P1ements, the Pterodactyle was a fit companion for the kindred reptiles that swnrmed in the 
seas, or crawled on the shores of a turbulent planet. 

"The Fiend, 
O'er bog, or rtcep, tl:rough strai~ht, rough, dense, or rare, 
\\'ilh head, hands, wings, or leel,µursucs hi11way, 
Aod swittts or siuk.i1 or wades, or creeps, or tlies."-Paradis11 Lost, Book 2, Lino 9-17, 

" With flocks of such-like creatures flying in the air, and shoals of no less monstrous Icbthyo
sauri and Plesiosauri swarming in the ocean, and gigantic Crocodiles and Tortoises, crawling on 
t he shores of the primeval lakes and rivers; air, sea, and land must have been strangely tenanted 
in ~hese early periods of our infant world." Bridgewater Treatise, Vol. I.p. 224. 

Birds. 

Twenty species of birds have been found in diluvium ; ten in the tertiary strata, and recently 
one species of Grallae , or \Vaders, in the wealden formation: and these are all the fossil relics 
of this order of animals yet rl.isco\'ered. The tracks of ruorc than 20 different species of animals 
have already been described in another place. 

Descrip. There is reason to believe that the Marsupial Mammalia appeared earlier on the globe 
than any other an imals of this class. For Dr. Buckland has found two undoubted species of 
Marsupials in the oolite in England; and the tracks of another species of a similar animal in red 
sandstone, near Hi!dburgbausen in Saxony1 as well a::; in bvo places in England, have recently 
been de~cribed ; as will be more fully detaile<l in another place. 

Desctip. VVith theabo'Ve exception, all tho other fossil mammalia occur in the tertiary strata and 
diluvium. I n the Eocene tertiary, <is many as 50 species have come to light. Cuvier described 
78 species in his great work, the Ossemcus Fossiles; 49 of which are extinct: and since that 
t ime, the number has been increased to ue::i.rly 200. 

Descrip. Among these fossil animals, arc many of existing genera, and so nearly relatrd to ex· 
isting species, that a particular description will be unnecessary. Such are the fossil species of the 
Rhinoceros, Hippopotamus, Hog, Cat, Glutton, Horse, Ox, Deer, Bear, Hpena, ' Veazel, Hare, 
Rabbit, Rat, Mouse, &c. In generali howeveri the fossil species are of a larger size than those 
now li\'ing; indicating a warmer climate when thE>y were upon the globe. 

D escrip. The history of bone caverns and fissures, as described by Dr. Buckland in his spien
rlid worki entitled Reliqui(IJ D ilzmiance, deserves a more exlended notice than caa here be given. 
F'rom a careful examination of these osseous caverns, by Dr. Buckland, it appears that some of 
themi as that of Kirkdale, Kent's Hole, &c. in England, were the residence of hyrenas for a long 
time previous to the Historic Period j and that these animals dragged in thither great quantities 
of bones of other animals on which they fc<l . This is pro\·ed by the broken and gnawed state of 
the bones, an<l by thE> great qunntity of coprolites belonging to thP. hyrena found in the caverns . 
Other caverns appear to ha ,·e been the abodes of bears for a long period : as those of the limestones 
of central Germany. In one of these, the cave of Kuhlohi more than 500 cubic feet of black an
imal <lusli impressively denominated tbe dust of death, were found, resulting from the decompo
si tion of bears i which must ha\·e required at least 2500 of these animals! The bones of the Os
seous Br:•ccia, found in fissures in Somersetshirc in England, and on the the northern shorrs of 
the l\Jcditerrancan, belong mostly to animals that fell into fissures that "Were afterwards filled 
with diluvial detritus. Reliq1dce DilutiantX,p. 137, mid 148. Londoni 1823. De la Becl1e's !lfan-

11al of Ccoloyy, p. ! SJ. 
flcscrip. Osseous breccias bnve been found in Australasia, containing bones of the kangnroo, 
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wombat, dasyurus, koala, halmaturus, elephant, :hypsiprimnus, &c. most of which are animals 

living in that country. 

Early Pacliydermata. 

Descrip. In the older tertiary strata around the city of Paris, Baron Cuvier has brought to 
light more than 40 extinct quadrupeds, many of them allied to the modern pachydermata, or 
tbick skinned animals. Fig. 2541 exhibits the form of the Anoplotherium gradle, which was of 
the size and form of the gazelle, living like the deer and the antelope. Fig. 255, is the Ano~ 
plotlterium commune; an animal about the size of the wild boar, with the means of swimming 
with facility. Fig. 2561 is the Palaotherium magnum, of the size of the horse, but more thick 
and clumsy. Probably it bad a trunk. Fig. 257, is the Palccotherium mi11u., of the size of the 
roebuck. 

Mammoth, or Fossil Elephant. 
Descrip. Two species of living elephant are known; the Asiatic, or Indian, which extends 

only to the 31st degree of north latitude: and the African, which occurs as far south as the Cape 
of Good Hope. A third species is found in a fossil state; especially in the northern parts of 
Asia and Europe ; as well as America. It is this extinct species that goes by the name of mam

moth-an Arabic word (behemoth,) signifying elephant. Fig. 258, exhibits the skeleton of the 
remarkable specimen found encased in frozen mud on the shores of the arctic ocean, in Siberia, 
with its softer parts preserved, as bas been already described. This skeleton is now deposited in 
the Museum of Natural History in St. Petersburgh. lts length is 16 feet; and its height 9 feet. 
Its hair, of which 30 pounds were preserved, consisted of black bristles, 15 inches long, mixed 
with wool of a reddish brown color. 

Fig. 258. 
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Mastodon. 

De8crip. Although the mastodon is frequently called the mammoth in this country, where 
the remains of the largest species are abundant, yet it differs generically from the elephant in the 
form of its teeth ; as may be seen in Figs. 259 and 260 above. Fig 259 is a side view of the 
grinder of the Mastotlon, and Fig. 260, represents the flat surface of the Mammoth's grinder. 

Descrip. No less than seven species of the mastodon have been discovered in a fossil state; 
viz. three in Europe, two in South America, one in the United States, and one in lndia. The 
largest species, M maximus, has been found in almost every part of the United States; though 
most abundantly in the Salt Licks of Kentucky, Ohio, &c. The most easterly point where the 
bones of these animals hav., Oee'n found, is Berlin in Connecticut. An almost entire skeleton has 
been put up in the Museum of Mr. Peale in Philadelphia, which is 15 feet long, and 11 feet 
high. This was found in Orange County, New York. The most remarl--able locality in this 
country is at the Big Bone Lick in Kentucky ; where a vast number of bones of various extinct 
animals are imbedded in dark colored mud and gravel, which appears to have been formerly tbe 
bottom of a marsh. This spot has been examined by William Cooper, Esq. with his usual dis
crimination and accuracy; and he is of opinion that the deposit containing the bones is to be re
garded as diluvial. He estimates that the bones of 100 mastodons, 20 elephants, 2 oxen, 2 deer, 
and one rnegalonyx, have already been carried from this spot. 

Rhinoceros, Hippopotarrues, Hyama, Horse, Ox, Deer, Sivatherium, Monkey, 
Camel, /Ire. 

Descrip. Most of these animals in their fossil state, diffE>r so little from the existing species, 
that they need not be particularly described in this work. They are generally, however, of a larger 
size than the living species. In India have been found the remains ofa gigantic speciesofmon~ 
key and of a camel. Another species of monkey has also been discovered in tertiary deposits in 
France: so that the important fact seems now well established, that the animals approaching 
nearest to man in their structure, have been found in a fossil state. Wonders of Geology, Vol. I. 
P· 138 and226. 

Megatherium. 

Descrip. The Megatherium is an enormous extinct animal, which was once abundant in the 
vast plains or pampas of the same continent. They have been lately found by Mr. Darwin, 
over an extent of 600 miles, acompanied with bones ar:d teeth of fo·e other quadrupeds, some of 
them of a similar construction. Dr. Mitchell and Mr. Cooper have also described bones of this 
animal from the island of Skiddaway, on the coast of Georgia. Buckland's Bridgewater Trea
tise, Vol. Il. p. 20 . Annals of N. Y. Lyceum, JJJay, 1824. It was larger than the rhinoceros, 
and its proportions were perfectly colossal. With a head and neck like those of the slotb, its 
legs and feet exhibit the character of an armadillo, and the anteater. Its body was 12 feet long, 
and 8 feet high. Its fore feet were a yard in length, and more than 12 inches wide; terminated by 
gigantic claws. Across its haunches it measured five feet; and its thigh bone was nearly three 
times as thick as that of the elephant. Its spinal marrow must have been a foot in diameter; 
and Hs tail, at the part nearest the body, twice as large, or six feet in circumference! Its teeth 
were admirably adapted for cutting Yegetable substances; and its general structure and strength 
seem intended to fit it for digging in the ground for roots on which it principally fed. Fig. 261, 
exhibits the entire skeleton of this animal, which exists in the rouseum at Madrid, in Spain. 
B11ck/m1d'a Bridgewater Trealiae, Vol. [. P· 139. 
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Fig. 26! . 

. AhgafAtri11111 • 

. l'rlegalonyx. 

De1crip. This animal was first described by 1\Ir. Jefferson, who mistook its characters. It 
was found in the nitre caverns of Virginia and Kentucky, and has since been discovered in other 
places. It was of the size of the ox, and appears to have been nearly related to the sloths. 

Dinolheriwn. 

/)escrip. Until recently the mammoth and the mastodon have been supposed the largest of all 
the terrestrial mammalia that have ever inhabited the earth : but they must give place to the Di
notherium, described by Cuvier as a gigantic tapir, but recently by Professor Kaup, a distinguish
ed German naturalist, as a new genus between the tapir and the mastodon: and adapted to that 
Jacustrine condition of the eanh which seems to have been so common during the deposition of 
the tertiary strata. Its remains have been found in tertiary strata, in the south of France, in Aus
tria, Bavaria, and especially in Hesse Darmstadt. Jts length mu~t have been as much as JS feet. 
One of its most remarkable peculiarities consisted in two enormous tusks, at the anterior extrem
ity of the lower jaw, which curved downwards, like those of the lValrus. Its general structure 
seems to have been adapted to digging in the ground ; and for this purpose its feet as well as 
tusks, projecting a foot or two beyond the jaws "hich were four feet long, were intended. Jt 
lived principally in the water like the hippopotamus ; and it probably used its tusks for tearing 
up the roots of aquatic vegetables, which, as is shown by its teeth) constituted its food. Dr. Buck
land suggests also, that these tusks mipht ha,•c been useful as an anchor fastened into the banks 
of a river, while the body of the animal floated in the water and slept. They might have been 
useful also, to aid in dragging the body out of the waler and for defence. 

Fig. 262, is a sketch of the Di11olheriuu1 giyanl1;um as restored by Prof. Kaup. Buckland's 
Bridgewaler Treatise, Yo/. I. JJ· 135. Another species, the D. Davaricum, has been discovered. 

Ichnolitlwlogy : m· the History of Fossil Footmarks. 
Descrip. This singular branch of palmontology has but latt>ly begun to attract the attention of 

geologi::.ls; since it is only within a few years that genuine examples of the tracks of animals in 
stone l1ave been found. It is, indee<li and long has been the common belief, that such impres
sions are frequent; but the geologist usually finds that they are merely the effects of disintegra~ 
tioo or aqueous action, by" bich the softer parts of the rock are more worn away than the 
harder parts. The following arc all the well authenticated examples of fossil footmarks that 
have been discovered up to the present time. 
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Descrip. The tracks of tortoises were described in 1828, by Dr. Duncan, upon the new red 

sandstone of Scotland : those of Crustaceous animals on the Forest Marble of Bath in England, 

in 1831, by Mr. Scope: lhose of the Chirotberium upon the new red sandstone of Saxony in 

1834; and about the same time, those in the valley of the Connecticut river, described in the 

thir<l part of this Report. Those of the Chirotherium and of Saurian reptiles at the quarries of 

Storeton Ilill in England in 1838: Those of animals with trifid feet, near Shrewsbury in Eng

land, in 1839, by Dr. Ward: and those of some singu1ar biped3 in Saxony, not far from Leipsic, 

by Dr. Colla, in 1839. The sketch, Fig. 263, will give an idea of the tracks of the Cbirotherium 

at 1-Iildberghausen in Saxony. 
Fig. 263. 

12. G'eneral Inferences. 
Remark I have passed over several important inferences derived chiefly from palreontology, 

because they were not deducible from any one statement lhat has been made, and I thought it 

best to present them in the conclusion of this Section with a summary of the proof. 

Inference I. The present Continents of the globe, (except perhaps some 
high mountains,) have for a long period constituted the bottom of the ocean, 
and have been subsequently elevated. 

Proof l. Two thirds at least of these Continents are covered with rocks, oftPn senral thous

and feet thick, abounding in marine organic remains; which must have been quietly deposited, 

a lung with the sand, mutl, an<l calcareous or ferruginous matter in which they are enveloped, and 

which could have accumulated but slowly. 2. The primitive regions of the globe bear marks of 

powerful abrasion by water from some cause no longer acting upon them; and which can be 

ex.plained only by supposing the waters of the ocean to have flowed over them for a Jong period. 

3. The secondary and primary stratified rocks are almost universally fractured and raised up at 

various angles, just as they would have been if lifled from the bottom of the ocean by a force 

acting bene11th them. 4. Anticlinal ridges are so frequenlly found with a nucleus of unstratified 

rocks, as to point us to a sufficient cause, viz. volcanic agency, for the elevations that appear to 

have taken place. 

Remark. This inference is to be regarded as probably the most important principle in g('ology, 

and as established on ~n immovable foundation, 
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Inference 2. Different Continents, and different parts of the same Conti
nent, appear to have been elevated at different epochs. 

Proof. Let AB, Fig. 264, represent a mountain ridge, with an axis (a) of unstratified rock. 

Upon a let the three systems of strata bb, cc, and dd, rest upon the axis, and upon one another, 

unconformably, and dipping al different angles, except dd, which suppose horizontal. Now it is 
obvious that the formations cc, and bb, must have been elevated previous to the deposition of dd; 
otherwise the latter would have partaken of the upward movement. And if there be no regular 

member of the series of rocks wanting, between d, and c, it is obvious that we thus ascertain 
the geological, though not the chronological epoch, when cc, was elevated. cc, however, is un

conformable to bb; and therefore bb, was partially elevated before the deposition of cc: in other 
words, bb has experienced at least two vertical movements. Now this is a just representation 

of the actual state of things in the earth's crust; and hence by ascertaining the dip of the forma

tions that are in juxtaposition, we ascertain the different epochs of elevation. 
Fig. 264 . 

• :.Yi! 
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Facts. By the application of these principles, it is found that the mountains of Europe have 
been elevated at no less than twelve different epochs; the oldest of which dates as far back a1 
the time when the slates of Westmoreland were tilled up: and the most recent, (the principal 
chain 0£ the Alps,) is said to be subsequent to the deposition of the tertiary strata. 

Inf. 3. The convulsive movements by which systems of strata were elevated, appear to have 
been in most instances short, compared with the intervening periods of repose, during which suc
cessive formations were deposited. 

Inf. 4. In many instances the rocks appear to have suffered one alternation or more of 
elevation and subsidence. 

111fere11.ce 5. From the phenomena of organic remains, it appears that 
the species of animals and plants now existing on the globe, could not, with 
a few exceptions, have been contemporaries with those found in the rocks. 

Proof If they bad been contemporaries, no reason can be given why the remains of the Jiv
ing species do not occur in the rocks; which, with the exception of a few hundred species in the 
more recent tertiary strata, is well known not to be the case. 2. Comparative anatomists decide 

from the structure of the extinct animals and plants, that they were intended for a climate and 
other physical circumstances so different from those now existing, that the organic beings adapt
ed to the one, could not have endured the other. The period of the tertiary strata is the only 
exception: and even then, the climate appears to have been in high northern latitude( nearly as 
at present between the tropics. 

Inference 6. Hence too we learn the mistake of those, who are in the habit of pronouncin"' 
very confidently that certain organic remains arc petrifactions of existing animals or plants. Fo~ 
if they are obtained from the secondary rocks, the presumption amounts almost to certainty, 
that they cannot be the representatives of existing spt!cies. 

E:r.amplc1. Fossil trees are called oak, maple, hemlock, &c.: fibrous tremolite and some varie

ties of mica and hlcose slat~s, are called petrified wood: encrinites are called snakes: coal 
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plauts are called rattlesnakes: favosites and certain fossil shells are called butternuts and wal
nuts~ some varieties of ancient polyparia are regardP.d. as the horns of deer, others as petrified 
pork: and even petrified squaws, pappooses, and buffaloes, ba\'e been announced as existing in 
the for west. It is often amusing to see with how much confidence a man, ignorant of zoology 
and Lotany, will pronounce upon these supposed cases of identicalness. 

ltiference. 7. It appears that there have been upon the globe several dis· 
tinct periods of organized existence, in which particular groups of animals 
and plants, exactly adapted to the varying physical condition of the globe, 
have been created and have successively passed away. 

Proof. If we t:i.ke only those larger groups of ani1Pals and plants, whose almost entire dis
tinctness from one another has been established beyond all doubt, we shall still find at least five 
nearly complete organic revolutions on the globe: viz. I. The existing species. 2. Those in 
the tertiary strata. 3. Those in the cretaceous and oolitic systems. 4. Those in the new red 
sandstone group. 5. Those below the new red sandstone. Comparative Anatomy teaches us 
that the animals and plants in these different groups could not have lived in the same physical 
circumstances. 

Inference. S. It appears that amidst all the diversities of organic life that have existed on the 
globe, the same general system has al~vays prevailed. 

Inference. 9. It does not appear that any of the ancient forms of animal or vegetable life can 
be properly regarded as monstro1:1s; or when compared with the proper standard, even hetcroclitic. 

I11fere11ce. IO. The whole period occupied in the deposition of the fos· 
siliferous rocks must have been immensely Jong. 

Proof There must have been time enough for water to make depositions more than flix miles 
in thickness, by materials worn from previous rocks, and more or less comminuted. 2. Time 
enough, also, to allow of hundreds of changes in the materials deposited: such changes as now re
quire a long period for the production of one of them. 3. Time enough to allow of the growth and 
dissolution of animals and plants, often of microscopic littleness, sufficient to constitute almott 
entire mountaias by lheir remains. 4. Time enough to produce by an extremely slow change of 
climate, the destruction of several nearly entire groups of organic beings. For although sudden 
catastrophes may have sometimes been the immediate cause of their extinction, there is reason to 
believe that those catastrophes did not usually happen, till such a change had taken place in the 
physical condition of the globe, as to render it no longer a comfortable habitation for beings of 
their organization. 5. We must judge of the time re::iuisite for these deposits by similar opera
tions now in progress; and these are in general extremely slow. The Jakes of Scotland, (or 
instance, do not shoal at the rate of more than 6 inches in a century. Macculloch'• Geology, 
Vol. I. P· 507. See also a full view of the arguments on this subject in Dr. J. Pye Smith's L.c
/ures on Scripture und Geology, p. 391. Lmldon Edilion, 1839. 

Objeclicm. I. The rapid m::inner in which some deposits are formed at the present day : u. 
gr. in the lake of Geneva: where within the last 800 years, the Rhone has formed a delta two 
miles long and 900 feet in thickness. Lyell's Principles of Geology, Vol. I. p. 213. 

Answer. Such examples are merely exceptions to the general law, that rivers, lakes, and the 
ocean are filling up with extreme slowness. Hence such cases show only that in ancient timei, 
rocks might have been deposited over limited areas, in a rapid manner; but they do not show that 
such was generally the case. 

Objectio11. 2. Large trunkB of trees, from 20 to 60 feet long, have sometimes been found in 
the rocks, penetrating the strata perpendicularly, or obliquely; and standing apparently where 
they originally grew. Now we know that wood cannot resist decomposition for n greot length 
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of time, and lherefore, the strata around these trunks must have accumulated verv r;:ipidly; and 

hence the strata generally may have been rapidly formed. . 

Ansu;er. Admitting that the strata enclosing these trunks were rapidly deposited, it might 

have been only such a case as is described in the. first objection. But sumE"times these: trunks 

may have been drifted into a Jake or pond, where a deep deposit of mud haJ been slowly accu

mulating, which remained so soft, that the heaviest part of the trunks, tlial is, thlir lower ex

tremity, sunk to the bottom by their gravity, and thus brought the trunks i1~to an nect position. 

Or suppose a forest of trees sunk by some convulsion, in the manner described by RPv. M r. 

Parker in the Columbia River: how rapidly might deposits be accumulated around lhem, were 

the river a turbulent one, proceeding from a m1Juotainous rngion . 

Objection. 3. The vast accumulations that have been made of tbe shields of animakulre since 

the commencement of the historic period, show that similar deposits of other animal remains 

might have been made of much greater thickness in ancient times, in a comparatively short 

period . 

.Ansu:er. If it can be shown that the 1arger animals, like those found fossil, have a power of 

increase that will compare at all with the astonishing multiplication of animalculre, lhe objection 

will be valid : but not till then: and this can never be shown. 

Objection. 4. All the causes producing rocks may have operated in ancient times with vast

ly more intensity than at present. 

Ansirer. This if admitted might explain the mere accumulation of materials to form rocks. 

But it wo:..ild not account for the vast number of changes which took place in Lheir mineral and 

organic characler; which could have tahn place without a mir:::i.cle only duiing vast periods 

of time. 

Objection. 5. The fossiliferous rods might have been created just as we now find thrm, by 
the fiat of the Almighty, in a morne-nt of time . 

. Ansu·er. The possibility of such an event is <idmilted: but the probability is denied. If we 

admit that organic remains, from the unrhanged elephant and rhinoceros of Siberia, to the per

fectly petrified trilobites <ind terebratulro of the transition strata, were never living animals, we 

give up the whole ground work of analogic<il reasoning; and the whole of physical scie1H·e falls 

.to the ground. But it is useless formally to rf•ply to an objection, which wou\tl never be advanc

ed by any man who had ever examined e\o·en a cabinet collection of organic remains. 

bifere11ce 11. It arpears ihat every successive change, that has taken place on the earth's sur

face, has been an improvement of its condition . 

. Proof Animals and plants of a higher organization have been multiplied with every change, 

ualil at last the earth was prepared for the existing races; the most generally perfect of a11, with 

man at their head. 

SECTION Vl.-OPERATJON OF AQUEOUS AND ATMOSPHERIC AGENCIES IN 

PRODUCING GEOLOGICAL CHANGES. 

Prin. The basis of nearly all correct reasoning in geology, is the analo~y 
between the phenomena of nature in all periods of the world's history: in 
other words, similar effects are supposed to be the result of similar causes at 
~II times. 

I llus/ration and Proof This principle is founded on a belief in the constancy of nature: 01 

that natural operations are the result of only one gPneral system, which is regulated by invariable 

~aws. Every other branch of physical science, equally with geology, depends upon this prin

ciple : and if it be given up, all reasoning in respect to past natural phenomena, is at an en<l. 
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Landslips, Icebergs, ~c. 
Descrip. When snow and ice have long been accumulating upon the sides of steep hills 1 ctr 

mvuntains, the mere force of gravity at length, especially when the surface begins to thaw, causes 
vast musses to slide down the declivity, dragging along trees, soil, and loose rocks, which fill the 
valleys below, overwhelm whole rillages, dam up and turn rivers out of their wonted channels, 

nnd produce other effects equally powerful. 
Dc~scrip . \Vhen these landslips occur on the steep shores of the ocean in high latitudes, the 

mass is precipitated into the sea, and constitutes an iceberg. These icebergs are drifted about by 
the currents in the ocean sometimes to a great d1::itance. Those from the northern oct:an arc 
6omctirnes seen as far south as the 40th degree of north latitude; and those from the southern 
occa11

1 
as far north as south latitude 3S0

• Often they are of immense size, evtn one or two 
miles in circumference; and they sensibly affect the temperature for many miles around. Tbey 
have been seen to rise as much as 250 or 300 ft'et above the surface of the oce::i.11; and con
sequently must have sunk more than 2000 fl'el below; as every cubic fuot above, implies that 
there are 8 cubic feet below. lo this way 1 large masses of sand, gra,·el, and bowlders, as well 
as aninials and plants, may be transported great distances and dropped upon the bottom of the 
ocean, as the iceberg melts away. 

Degradation of Rocks and Soil by Frost and Rains. 
Descrip. \-Valer acts upon rocks and soils both chemically and mechanically: chemically, it 

dissolves some of the substances which thPy contain, and thus renders the mass loose and porous: 
mechanically, it gets between the particles and forces them asunder; so that they are more easily 
worn away when a. current pas~es over them. Congelation still more eflectually separates the 
fragments and grains, ar.cl thus renders 1l easy for ruins and gravity to remove them to a Jower 
level. In a single year the inliu~nce of these causes may be fo,.ble: but as they are repeated 
from year to ycar 1 they become in fact some of the most po1,.yerful agencies in operation to level 
the surface of Continents. 

Rivers. 
Descrip. Rivers produce geological changes in four modes: 1. By excavating some parts 'of 

their beds. 2. By filling up olht!r parts. 3. By forming deposits along their banks. 4. By 
forming deposits, called deltas, at their mouths. 

Descrip. The deposit formed in the lake of GenC\·a by the waters of the Rhone, has been al
ready mentioned. Another is formed at the mouth of this ri\•er, on the shore of the Mediter
ranean, and is said to be mostly solid calcareous and e\•en crystaline rock. (Lyell's Principles of 
Geology, Vol. 1. p. 219.) The delta or lhe Missii:sippi has ad,,anced several leagues since New 
Orleans was built. 'fbe delta of lhe Ganges commences 220 miles from the sea, and has a base 
200 miles Jong, and the waters of the oce:ln at its mouth are muddy 60 miles from the shore. 
Since the yrar 1243 the delta of the Nile has advanced a mile at Damietta; and the same at 
Foah since the 15th century. Iii 2000 years the gain or the lar.d at the mouth of the Po, has 
been 18 miles, for 100 miles along the coast. The delta of the Niger extends into the interior 
170 miles, and along the coast 300 miles, so as to form an area of 25.000 square miles. 

De!crip. An immense alluvial deposit is forming at lhe mouth of lhe river Amazon and Oron
oco; most or which is swept northerly by the Gulf Stream. The waters of the Amazon are not 
entirety mixed with those of the ocean at the distanC'e of 300 miles from the coast. The quantity 
of sed11nent annually brought down by the Ganges, amounts to 6 386 Oi7 .440 tons; or 60 times 
more than the weight of the grenl pyramiJ in Egypt. 

I11f l. Tl:e extensive deposits thus forming daily by rivers, need only C(lnsolidatiou to become 
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rocks of the same character as the shales, sandstones, and conglomerates of the secondary series. 

Inf. 2. Rivers in gcntral have not excavated their own beds ; but run in valleys formed for the 

most part by other c:mses. 

Descrip. Terraced Valleys, (of one of which a cross section is given in Fig. 265, at A,) 

aometimes exist in alluvial or tertiary regions, with the terraces on each side of equal height~ 

and these appear to have been formed by the excavating operation of the rivers thcmse}yes. 

Fig 265. 

~~D 

~· 
Dej. When a valley is produced by the sinking of the strata; or which is the same thing, by 

their elevation along two parallel anticlinal lines, it forms, what is calicd a Valley of Subsidence, 

as. B. Fig. 265. When by the elevation of strata, they are ma<lc to separate at their highest 

point, a valley is produced, called a Valley of Elevation; as C. When a fracture has tJkeo 

place in the strata, so as to leave the sides very steep and the valley narrow, n ra\•.ne is pro

duced; as at D. Jn such a case the lower part of the fissure is usually filled with detritus . 

.!lgenciJ of the Ocean. 

Descrip. The ocean produces geological changes in three modes. I. By its waves: 2. By 

its tides: 3. By its currents. Their effect is twofold : 1. To wcoi.r away the land: 2. To oi.c

umulate detritus so as to form new land. 

Descrip. The action of waves or breakers upon abrupt coasts, composed of rather soft ma

terials, is very powerful in wearing them down, and preparing the dl'lritus to be carried into the 

ocean by tides and currents. During storms, masses of r< cks weighing from 10 to 30 tons, are 

torn from the ledges, and driven several rods inland, even up a surface sloping with a c1nsider· 

able dip towards the ocean. 

Where the coast is rocky, insulated masses of rocks, (in Scotland called Drongs,) are left on 

the shore, giving a wild and picturesque effect to the scenery, as in th& following sketch, Fig. 

266, which was taken upon Jewell's Island in Casco Bay. 

Fig. 266. 
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Fig. 267, is a akctcb taken near the Light House on Cape Elizabeth; not far from Portland 
in Maine, and will give some idea of the nakedness of the coast where it is exposed to powerful 
storms. 

Fig. 267. 

Dunes or Downs. 
Descrip. The sand which is drh en upon the shore by the wM·es, is often carried so far in

land as to be beyond the reach of the returning wa,•e ; and thus an accumulation takes place, 
which is the origin of most of those moving sand bills, known by the name of dunes or dowt11. 
When the sand becomes dry, the sea breezes drive it farther and farther inward ; the land breeze3 
not having equal power to force it back: and at length it Lecomes a formiCable enemy, by over
whelming fertile fields, filling up rivers, and burying villages. Sometimes these dunes occur in 
the interior of a country. 

Exnmple. Every one is familiar with the history of these dunes in Egypt. The westerly 
winJs have \1rought in the sands from the Lybian desert, and all the west side of the Nile, with 
the exception of a few sheltered spots, has been converted into an arid waste. Jn Upper Egypt 
especially, the remains of ancient temples, palaces, cities, and villages are numerous among the 
drifting sands. In Europe, around the Bay of Biscay, a similar destructive process is going on. 
A great number of villages ha Ye been entirely destroyed; and no less tban ten are now imminent· 
ly threatened by sand hills, which advance at the rate of 60 or even 72 feet annually. 

fVaves a11d Tides. 
De!crip. In large inland bodies of water, such as the Mediterranean, Black and Cnpian Seas, 

and Lake Superior, tides are scarcely perceptible J never exceeding a few inches; and in the 
open ocean they are very smaU; not exceeding 2 or 3 feet : But in narrow bays, estuaries, and 
friths, favorably situated for accumulating the waters, the tides rise from 10 to 40 foet; and in 
one instance even 60 or 70 feet on the European coasts, and in the Ba.y of Fundy, in Nova 
Scotin, 70 feet. In such cases, especially where wind and tide conspire, the elfcct i:; consider· 
able upon limited portions of coast, both in wearing away and filing up. De la Beche's Manual, 
p. 85. Lye/P• Geology, Val. J. p. 238. 

Ocea11ic 011rre11ts . 
.Dtscrip. Oceanic currents are produced chiclJy b.J win.tls. Tli.e most e~te-nsive current of 1his 

kind is the Gulr Stream. This flows out of the Indian Ocean, around the Cnpe of Good Hope, 
passes northward a.Jong the coa.st of Africa to the equator, thence across the Atlantic; being in-
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crea!e<l by the Trade winds : and impinging against South America 1 it is turned nortlrn ar<l, and 

continues along the coast of the United States even lo the Danks of IS"ewfounc.lland; from Vt hence 

it turns east and southeast across the Atlantic, returning to the coast of Africa to supply the de

ficiency of waters there. ]tis estimated that this current cover:; a spare 2000 miles in length, 

and 350 in breadth. Its velocity is very variable; but may be stated as from one to three and 

even four mil~s per hour; its mean rate bt.·ing l 1-2 mile. A current sets northward between 

America and Asia, through Berhing's Strn.its, which passes around the northern extremity of 

America, and flows out into the Atlantic in two currents, one called the Greenland current, 

which passes along the American Continent, at the rate somPtimes of 3 or 4 n1iles per hour, until 

it meets and unites with the Gulf Stream, near the Banks of Newfoundland, where the vt:locity 

is two miles per hcur: the other sets into the Atlantic between America and Europe. lt is 

these two currents that convey icebergs as far south as the 40th degree of north latitude before 

they are melted. Among the Japanese Islands a current sets 1.ortheast, sometimes as strong as 

fi,·e miles per hour. Another sets around Cape Horn from the Pacific into the Atlantic Ocl'an. 

A constant current sets into the Mediterranean through the straits of Gibralter, at less than half 

a. mile per hour. It has been conjectured, but not proved, that an under current sets outward 

through the same strait, at the bottom of the ocean. ~Jr. Lyell also suggests that the con!ltant 

evaporation going on in that sea, may so concentrate the waters holding chloride of sodium in 

solution, that a deposit may now be forming al the bottom. But the deepest soundings yet made 

there, (5SSO feet,) brought up only mud, sand, and shells. Numerous otht'r currents of less 

extent exist in the ocean, which it is unnecessary to describe. They form, in fact, vast rivers in 

the ocean, whose velocity is usually greater than that of the larger stream3 upon the land. De la 

Beclie's JJJanual, p. 91. 

Desrrip. The ordinary velocity of the great oceanic currents is from one to three miles per 

hour: but when they are driven through narrow straits, especially with converging shores, and 

the tides conspire with the current, the velocity becomes much greater, rising to 8, 10, and even 

in one instance to 14 miles per hour. Lyell's Principles of Geology, Vol. Ip. 240. 

/11j. 1. It appears that most rivers, in some part of their course, espt:cia!ly when swollen by 

rains, possess velocity of current sufficient to remove sand and pebbles : as do also some tidal 

currents around particular c.oasts: but large rivers and most ocea11ic currents can only remove 

the finest ingredients ; and as to large bowldt>rs, it would seem that only the most violent waves 

and mountain streams can tear them up and roll them along. 

Inf 2. Oceanic currents have the power greatly to modify the situation of the materials brought 

to the sea by rivers and tides, and to spread them over surfaces of great extent. 

Example. The waters of the Amazon, still retaining fine sediment, are found on the surface of 

the ocean 300 miles from the coast, where they are met by the Gulf stream, which rur.s there at 

the rate of 4 miles per hour. Thus are these waters carried northerly aloug the coast of Guiena, 

where an extensive deposit of mud has been formed, which extends an unknown distance into 
the ocean. 

Phenomena of Springs. 

Descrip. Water is very unequa1ly distributed among the different strata; some of them, as the 

argillaceous, being almost impervious to it; and others, as the arenaceous, admitting it to perco

late through them with great facility. Hence when the former lie beueath the latttr in a near· 

Jy horizontal position, the lower portions of the latter will become reservoirs of this fluid. 

Inference. Hence if a valley of denudation cuts through these pervious and impervious strata, 
we may expect springs along their junction. 

Jllu1. Jf B, B, Fig. 268, be the pervious and C, C, the impervious stratum, and A, the valley 

of denudation, ·we may expect springs at E, E. 
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Fig. 268. 

Pkcnomr:na efSprinJII· 

Descrip. If a rault occur in these slrala 1 as at D, whereby they are sunk on the right of D, 
and still <lip towards L, the water will be accumulated at L, because it cannot pass into C, and a 
spring may be expected at L. 

Descrip. In many parts of the world 1 if the strata be penetrated to a considerable depth by bor
ing, water will rise, sometimes with great force, to the surface, and continue to flow uninterrupt
edly. Such examples are called Artesian Wells; from having been first discovered at Artois, 
the ancient Artesium. 

Theory. The theory of these wells is simple. In Fig. 216, suppose the formation marked as 
the Upper coals, and also the Millstone Grit, to be impervious to water: while the Lower coal is 
p~rvious, or the wnter bearing stratum. Now if excavations be made at B, or E, till the coal 
strata are reached, it is obvious that water will be forcf'd to the surface by hydrostatic pressure; 
because some part of the water bearing stratum is bigber than the pointsB, and E. 

Inf 1. If any water beuring stratum, passing under a place where boring is attemptf'd, rises 
higlter at any point of its prolongation than the surface where the boring is made, the water will 
rise above that surface : and it will fall as much below that surface as is the len:l of the highest 
part of the perviousstratum. 

Inf. 2. Hence bm·ings of this sort may fail ; first, because no water beariug strntum is renrh
ed; and secondly, because that stratum <loes not rise high enough above the place to bring the 
water to the surface. 

Inf. 3. These explorations have proved Lhat subterranean streams of water exist: some of 
which have a communication with water at the surface. 

Depths of the borings. In England, Artesian well have been carried to the depth of 620 feet 
with success. In France they have been sunk 800 and even 1200 feet, and in one instance near 
Paris to 1666 feet: and in the two last cases without success . In the United States, borings 
for sall water in the \ 'Yestern States, have been carried as deep as 800 or YOO feet. 

Remark. Until recently these borings have bern generally performed by means of a continu
ous iron rod, sharpened like a drill at the lower end. But a far more convenient and economical 
method, which has long been in use in China, has lately been adopted: viz. to use a heavy cyl
ind<:!r of iron in the same manner, by means of a rope altache<l to its upper end; a bore with 
valves being connected with the lower end, for bringing up thecomminuted materials. Bucklancl'1 
B1·i<lgc,waler Treatise, Vo/. I. p 568. 

Salt Springs. 
Descrip. The most important mineral springs in an economical poiut of view, are those 

which produce common salt. These are called salines, or rather such is tbe name of the regioo 
through which the springs issue. They occur in various parts Clf the world ; and the water is 
extensively evaporated to obtain table salt. They contain also otber salts; nearly the same in 
fact, as the ocean. 

Examples. Some of these springs contain less, but usunlly they contain more salt, than the 
waters of the ocean. Some of the Cheshire springR in England yield 25 per cent.: whereas sea 
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water rarely containB more than 4 per cent. In the United States they contain from 10 to 20 

per cent. They are used in New York, Ohio, Virginia, Pennsylvania, Illinois, Michigan, Mis

Muri, Arkansas, and Upper Canada. 450 gallons of water at Boon's Lick in Missouri, yield a 

bushel of salt: 300 gallons at Conemaugh, Penn.: 2801 at Shawneetown, III.: 120, at St. Cath

erine's U. C.: 751 at Kenawha, Vir.: 80
1 

at Grand river, Arkan.: 50,at Muskingum, Ohio: and 

48 to 451 at Onondaga, N. Y.: 350 gallons of sea water, yiel<l a bushel at Nantucket. Jn 1829, 

according to a report of the Secretory of the Treasury, 3,804,229 bushels of salt were made in the 

United States. Since that time the quantity has greatly increased. Jn 1835, no less than 2,222,694 

bushels were made at the Onondago Springs in N. Y. alone; and 3,000,000 bushels at the Ken

hawa Springs in Virginia. Jn all these places deep borings are necessary, 1mmetimes even as 

deep as 1000 feet: but usually the brine becomes stronger the deeper the excavation. 

Jlq11eo11s .Bgency between the Tertiary and .!lllttvial Epochs :-often called 
Dilitvial .fiction. 

I. Dispersion of Dilllvittm. 
Dcscrip. Diluvial are distinguished from tertiary deposits by two circumstances. t. The 

tertiary strata were deposited in limited troughs and basins; whereas diluvium is found in every 

part of the northern portions '>f the globe, and at all altitudes, with a few exceptions; and there

fore resulted from some cause very general in its influence. 2. The tertiary strata were depos

ited in waters comparatively quiet: w}1ereas diluvium has been the result of powerful currents. 

Towards the close of the diluvial epoch, howevcr 1 when the waters became more tranquil, the 

deposits are with more difficulty distinguished from the tertiary strata except by their position 

above the coarser diluvium. 
Descrip. Diluvial are distinguished from alluvial deposits; I. By the occurrence of the form

er in situations where no existing alluvial agency could have produced them. 2. By the marks 

of greater violence in the movements of the waters that produced the former, than in any waten 

which now produce the latter. But in some situations, where we cannot apply these two marks, 

the two deposits are with difficulty distinguished. 

Descrip. The dispersion of diluvium appears, so far as the facts are yet known, to have been 

the result of two causes-perhaps, however, not of a different nature, but operating in one case 

on a limited, and in the other on a more general scale. The first cause of this dispersion is the el

evation of particular mountain chains; whereby the diluvium has been scattered from the axis 

of the mountain outwards. 
Prire. The second cause of diluvial action, whatever it may have been, appears to have ope-

rated on a m<>re extended scale: and to have drifted the diluvium southward ovu nearly all the 
northern hemisphere. 

Proof. To begin with the American continent, at the most easterly point where observation• 

to be depended upon have been made: \ve find that the bowlders spread over the southern part 

of Nova Scotia were derived, according to Sir Alexander Coke and Messrs. Jackson and Alger, 

from the ledges in the northern part of the province. Through the whole extent of Maine, the 

evidence is very striking of the southerly drift of the diluvium, the course being usually a few 

degrees east of south. And transported bowlders are even found on the summit of Mt. Ktaadn, 

which is 5,300 feet high. Dr. Jackson's First and Second Reports on the Geology of Maine, 

1837 and 1838. Also his RepMI• on the Public Lands of Maine and llJa,., p.16, SecondRep&rt, 

Ducrip. In the Third Part of my Report, I have given abundant details respecting the dis· 

persion of Diluvium in Massachusetts. On Long Island the diluvium corresponds to the rocks 

on the continent: those of different kinds always lying south of the ledges from which they were 

derived. (Prof. MlllMr'• fir1t annual Rep<1rt on the firtt Geological District of New y <1Tk, P· SS. 
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1837.) Jn the eastern part of N. York, the current was southeasterly; as in the western part of 
Massachusetts: But t 1wards the western parts of the State, its general course appears some
times to have been west of south. (bfr. Hall's second annual Report on lhe Fourth Geological 
District of New York,p. 308.) Jn the southeasterly part of the slate, bordering on Pennsylvania 
and New Jersy, its direction varied from south several degrees west, to southeast: and near the 
city orN. York, the course was N. W. and S. E . (Amer. Jour. Science, Vol. 23.p. 243. And 
Vol. 16, p. 357. Also Prof. Gale's Report for 1839, upon the Geology of the First District.) la 
the fossiliferous region of western N. York, and in the states south of the great western lakes, 
great numbers of bowlders or primitive rocks are strewed over the surface, significantly called 
lost rocks. These have been satisfactorily traced to the beds from which they are derived on the 
north side of the lakes in Upper Canada. (See the papers of the ,Messrs. Lapham, in Vol. 22, 
and of Dr. Hildreth, in Vo/. 29 of Amer. Jour. Science. Also the Geological Reporlson the states 
of Ohio and Jflichigan.) Similar evidence of the southeasterly drift of diluvium exists in Vir
ginia. (Prof. 1V. B. Roger's Report on the Geological Reco1moisance of the State of Virginia, P· 
16.) According to Dr. Drake, pr:mitive pebbles occur on the right bank of the Mississippi, as 
far south as Natchez. Amer. Jour. Science, Vol. 29. p. 209. 

Descrip. According to l\Ir. Catlin, (Amer. Jour. Sci<::11ce, Vol. 3S. p. 143.) vast quantities of 
bowlders of primary rocks "are strewed over the great valley of the Missomi and :Mississippi, 
from the Yellow Stone almost to the Gulf of Mexico," which have been drifted thither from the 
northwest. 

Deacrip. The distance to which bowlders have been dri,•en southeasterly from their native 
beds in our country, has not been very satisfactorily determined. In New England they have 
been traced rarely more than 100 to 200 miles : But in the western States they are strewed over 
a greater distance. I am informed by the gentlemen engaged in the geological surveys of those 
:!!lates, that primary bowlders are rarely found south of the river Ohio; but they are strewed over 
almost every part of Ohio and Michagan. Now the primary rocks from which they have been 
derived, are found between 400 and 500 miles to the north of thal river. 

De1crip. On the eastern continent the evidences of a southerly diluvial current seems almost 
equally strong. In Great Britian the general course was a little east of south, modified, howev
er, and sometimes very much changed, by the shape of the mountains; some of which, as the 
Penine chain, appear not to have been passed ovPr by the bowlders, except at their lowest point:ii. 
In the cast part of England, the diluvium appears to have been derived from Scotland, and per
haps also from Norway. (De la Beche's llfauual, p. 189. Phillips' Geology, p. 208. Also Ms 
'l'realise on Geology, Vol. J. p. 274.J On the continent or Europe, the Netherlands, Denmark, 
the plains of the north of Germany, of Poland, and Russia, are strewed over with bowlden and 
pebbles, which can be traced to the parent rocks in Sweden •md Finland; in which countries 
they are yet more numerous upon the surface. In most cases these bowlders must have crossed 
the Baltic. In Sweden the current apr-ears to have set S. S. W. The blocks decrease in size on 
going south, and finally at a great distance (more than 400 miles, Grecnough's Geology, p J3S.) 
they disappear. Tableau des Terrafos par Al. Brong11iart, p. 77. Traite Elementairc de Geo/(}-
9ie par Af. Ro::et, Tome 1. p. 270. De la Beche's Jfanual, p. 189. 

Deacrip. According to Mr. Darwin, the equatorial regions of South America, exhibit but few 
marks of diluvial action, or rather they are destitute ofbowlders. But beyond the 41° South 
latitude, they appear in Chili and Patagonia. Hence some geologists, (Lyell and Darwin, sec 
L~ll's Elements, p. 137.) infer that diluvial phenomena are limited to the colder regions of the 
globe. But De la Beebe c!escribes diluvial detritus as abundant in Jamaica in the West Indies; 
especially on the plain around Kingston; and he says that it appears to have been drifted from the 
north. (Geological Trans. Second Series, Yol. 7. p. 1S2.) A similar statement was made to 
me by the ]ate Prof. Hovey, 'vho resided two years in the West Indies. Prof. Struder states that 
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in the hill couotry at the fool of the Himalayah mountains in India, trratic bowlders occur. (Amer. 
Jour. Scie11ce, Vol. 36 P· 330.) Probably, therefore, the equatorial regions havenc.t Jet been ei
arnined extensively enough to setlle this point. 

2. Effecls of Diluvial Jlclio11 upo11 the Earth's Smface. 

Descrip. The tops and steep sides of high mountains and alluvial plains are near}y all the ports 

of the northei:n hemisphr re not coven·d with a coa.t of bo,wlders, gravel, and sand ; whose thick

ness varies from a few inches lo 100 or 200 feet. Scarcely any mountains, indeed, e}..cept the 

Pyrenees, the Appenines, the Carpathians and the mountains of Bohemia ( Traite de Geologic par 
/II. Rozet, P· 272, Tome I.) are wanting in dHuvium.; and sometimes very large blocks are pois

ed upon their summits. 
Descrip. The most abundant accumulations ufdiluYial detritus ate foWld upon moderately ele

vated ground, neat the bases of mountains, and especially near gorges and defiles. 

Descrip. The large bowlders are usually diffused through e\·ery part of the finer detritus ; bu.t 

ns alluvial agencies wear away the latter, they oflen leaye the former insulated; and when they 

are numerous, they give a p~turesque appearance to the landsope.. 

Descrip. Diluvial action appears to have destroyed numerous species o( animals that inhabit

ed the northern regions of th(> globe at the time of its occurrence. 

Proof. Jn diluvial accumulations in the northern hemisphere, have been found the bones of sev

eral species of mastodon, hippopotamus 1 rhinoceros, and bear, as well as the man1moth or elephant, 

rnegatherium, megalonyx, hyrena, deer, dinotherium, horse, ox, &c.: animals,of whose exislence 

since that event we have no evidence. Not less than 100 species bav.e already been found in diluvi

um, although not mote than h.alf arc extinct. 
I11fercncc. A sudden fall of temperature took place i.n the northern hemisphere at the period 

of d1luvial action. 

Proof. The animals whose remains arc found in Jiluvium o.re mostly such as live in tropical 

climates ; which shows that a higbcr temperatui:e than now ex..ists in these countries, prevailed 

al the commencement of the dilu\'ial action. And that the change was sudden, appears from tbe 

occurrence of the elephant and rhinoceros undecayed in the frozen mud of Siberia, for they must 

hare been encased suddt!nly in ice to prevent their putrefaction. 

Descrip. One of the most remarkable effects of diluvial action, is the smoothing nod furrow

ing of the surfaces of rocks in place. 

Examples. In the slate of Maine i.s a good deal of slaty rock, often standing upon its eJges, 

that admirably resists atmospheric agencies: nod hence it presents a multitude of examples of 
well marked diluviaI furrows. Around the city of Portland, tbry are \'ery abundant and ,·ery 
clistinct; having a direction N. ioo to 15.0 W. and S IOQ to 15° E. Farther east, ns at Hope 

and Appleton, they run nearly N. \V. and S. E. and. some of them arc a foot in depth, and six 

inches wide. (Fir:tt Report 011 the Geology of 1'/ainc, p. 57.) ln other parts of the ~late, the 

direction ii:i nearly north and south, or even inclining a few deg-recs to the 1'. E and S. W. ( s~c· 
ond Report on the Geology of JJafoe,p. 91.) A full account of these furcows io. ~hssaclwseu3 , 
hns been gi,·eu on page 386. 

Near the city of New York, according to Prof. Gale, they run nearly N. \V. and S, E. Jn 

the "~estern part of N. York. they are numerous, and they run someti1n.es. S .. S, W. and N, N. E. 

They are commo~ ab.o, upon the mountains of Pcnnsyln:rnia; au<l also in Ohio., Michigan and 
I!linois where their most usual course is from I\"'. \\'". lo S. E. 

Descrip. On the eastern continent these diluvial furrows appear to be far Jess common than 

in this country ; for notwithstanding 1h ~ gre.it o:bility and zeal displayed by Europea11 geologists, 

only a few ca~cs of such groores 11nre yet been recorded. In Scotland however, they were 110• 
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ticed long ago by Sir. James Hall, on greenstonc and other rocks, having a direction N. W. and 
S. E: also a similar case is mentioned io North Wales, and in the Brora coal region in Scotlan<l, 
where they run N. N . W. and S. S. E. They occur also in the Alps, and in Scandinavia thit 
phenomenon seems nearly as common as in New England. Their general course is N. N. E. and 
S. S. \V. though there are local deviations, occasioned by the forms of the hills. " Monsieur 
Sefstroom," says the distinguished BerzeHus," has found that the uortheast part of the moun
tains of Sweden, are, throughout, rounded and worn from the base to the summit, so as to re
semble at a distance, sacks of wool, piled upon each other. The southwest sides of these 
mountains present almost fresh fractures of the rocks, with their angles rounded little or none." 

Theories of Diluvial .llction. 

Rem. Although the theoties of c.liluvial action have not been considered :>.s fully in the Third 
Part of my Report as would be desirable, _yet I am compelled, for want of room, to refer the 
reader to that .place. 

SECTION Vll.-OPERATION OF ORGANIC AGENCIES IN PRODUCING GEOLOG• 

ICAL CHANGES. 

Remark. Matty of the facts natur:illy belonging to this Section, have been necessarily antici
pated in the preceding Sections; and will therefore need only to be referrecl to in this plac~ . 

.llge11cy of .Man. 
Prin. The human l'a\:.e produce geological changes in several modes: 1. By the destruction of 

vast numbers of animels and plants to make room for themselves. 2. By <&iding in the wide dis
tribution of many ·anim•ls and plants, that accompany man in his migr11.tions. 3. By destroying 
the equilibrium between conflicting species of animals and plants ; a.nd thus enabling some species 
to predominate at the expense of others. 4. By altering the climate of large countries by means 
of cultivation. 6. By resisting the encroachments of rivers and the ocean. 6. By helping to 
degrade the higher parts of the earth)s surface. 7. By contributing peculiar fossil relics to the 
alluvial depositions now going on, on the land and in the sea : such as the skeletons of his own 
frame, the various productious .<if his art, 'numerous gold and sit ver coins, jewelry, cannon balls, 
&c. that sink to the bottom of the ocean iu shipwrecks, or ·become otherwise entombed. 

Inference. Some writers maintain that as species of animals and plants disappear from the earth, 
new species are created to take their place, that the proper equilibrium of organic nature may be 
prt"Scrved. But as no certain exan1ple of the creation of a new species in such circumstances 
has yet bc~n discovered, this opinion can be regarded only as an hypothesis: And the majority of 
authors suppose that in general, no new creation takts place, until nearly the entire race, inf 
habiting a country at any one period, have been destroyed; either by a sudden catastrophe, or in 
the slow manner that has been described . 

.llgency of Olhe1· .Animals. 
Prin. Very m:>.ny other animals exert an influence on geological changes analogous to that o, 

man, though less in degree, except the follo\dng. 

Polyparia or Polyps. 
Dcacrip. Coral reefs are ridges of calcareous rock, whose basis is coral, (chiefly of the geoeral 

Porites, Astrere, Madreporn, Mean<lrina and Caryophillia,) ao<l whose interstices and surface arc 
covered by broken fragments of the same, "ith broken shells and echini, and sand, all cemented 
together by calcareous molter. They ore built up by the Polyparia, apparently on the mnrgin of 
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volcanic craters, heneath the ocean, not generally from a depth greater tlian 25 or 30 feet, yet 
sometimes probably 90 feet. The polyparia continue to build until the ridge gets to the surface 
of the sea at low water; after which, the sea washes upon it fragments of coral, drift wood, &c. 
nnd a soil gradually accumulates, which is at length occupied by animals with man at their head. 
The reefs arc usually arranged in a circular manner, with a lagoon in tbecenter, where, in water 
n few fathoms deep, grow an abundance of delicate species of corals, and oth -r marine animals, 
whose beautiful forms and colors rival the richest flower garden. Volcanic agency often liflstbc 
reef far above the waters, and sometimes covers one reef with lava, which in its turn is covered 
with another formation of coral. The growth of coral structures is so extremely slow 1 that cen· 
turies are required to produce any important progress. The rate of increase has not been deter
mined. 

Descrip. The diameter of these circular reefs has been found to rnry from less than one to 30 
miles. On the outside, the reef is usually very precipitous, and the water often of unfathomable 
clepth. Fig. 269, is a view of one of these circular islands in the south seas, called Whitsunday 
lslc; so far reclaimed from the waters as to be covered with cocoa o.ut trees and with somo 
human dwellings. 

F ig. 269. 

Descrip. These circular islets occur abundantly in tl1e Pacific Ocean, between the thirtieth 
parallels of latitude. They abound also, in the Indian Ocean, in the Arabian and Persian Gulfs, 
in the West Indies, &c. Usually they are scattered in a linear manner over a great extent. 
Thus, on the eastern coast of New Holland, is a reef 350 miles long. Disappointment Jslanda 
and Duff's Group are connected by 600 miles of coral reefs, over which the natives can travel 
from one island to another. Between New Holland and New G?Jioea, is a line of reef:s 700 miles 
long, interrupted in no place by channels more than 30 miles wide. A chain of coral islets 480 
geographical miles long, has long been known by the name of the Maldivas. Lytll's Prindplei 
of Geology, Vol. 2. p.172. 

.llgency of Pi<mts. 

De&crip. Animal and vegetable substances, when buri('d in lhe earth, or the waters, sometimes 
undergo an almost entire decomposition: at other times, this is very partial; and sometimes the 
change is so slow that for years scarcely no apparent progress is ma<le. Different substances will 
be the result of these different degrees of decomposition. 

Drift Wood. 
Deicrip. Large rivers which pass through vast forests, carry down immense quantities of tim· 

ber. Wheo these ri\"ers overflow their banks, this timber is in part d~posiled upon the low 
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grounds. But much of it also collects in the eddies along the shores, or is carried into the ocean. 
After a time il becomes walf.:r-logged; that is, saturated with ·water; and sinks to the bottom. 
Thus a deposit of entangled wood is often formed over large areas. This is subsequently covered 
by mud; and then another layer of wood is brought over the mud : so that in the course of ages, 
several alternations of wood aod soil are accumulated. 

Example 1. The Mississippi furnishes the most remarkable example known of these accumu
lations. In consequence of some obstruction in the arm of the river called the Atchafalaya, sup
posed to have been formerly the bed of the Red River, a raft had accumulated in 35 years, which 
in lSlfi was IO miles long, 220 yards wide, andSfeet thick. Although floating, it was covered 
with living plants, and of course with soil. Similar rafts occur on the Red River: and one on 
the Washita, concealed the surface for 17 leagues. At the mouth of the Mississippi, also, nu· 
merous alternations of drift wood and mud exist, extending over hundreds of square leagues. 
Lyell's Principles of Geology, vol. 1. p. 182, 228. Am. Journal of Science, vol. 3. p. 17. 

I11fere11ce. In the history of common peat and drift wood, we see the origin of the beds of coal 
which exist in the older strata: For it needs only that the layers of peat (in which term I in~ 
elude submerged drift wood,) should be bituminized, and the intervening laye1s of sand and mud 
be consolidated, in order to produce a genuine coal formation. Common marsh peat alone, can 
have originated but a small part of the beds of coal. Phillip's Geology. p. 116. 

Consolidation ef Loose Materials. 
Prin. Carbonate oflime, conveyed in a state of solution among the loose particles of gravel, 

salld, clay, or mud, and there precipilated, becomes a very efficient agellt of consolidation. 
Examples. 1. On the shores of lhe Bermuda and West Indian Islands, extensive accumulations 

of broken shells, corals, and sand, are formed upon the shores by the waves: and these are sub
sequently consolidated, frequently i11to very hard rock, by the infillration of the wate1· which 
contains carbonate of litne in solution. Tbe famous Gau<lalope rock, in which human skeletons, 
along with pottery, stone arrow heads, and wooden ornaments, are found, is of the same kind. 
2. The Mediterranean delta of the Rhone, is ascertained to be in a good measure solid rock, pro· 
Uuced by the numerous springs that empty into it, that contain carbonate of lime in solulion. 
The same is true of the deposits at lhe mouths of other rivers in the south part of Italy; but 
more especially on the east coast of lhe Mediteranean ; where the ancient Sidon, formerly on the 
coast, is now two miles inland. Lyell's Pri11ciples of Geology, vol I. p. 286. 

Prin. Another agt'nt of consolidation is the red or peroxide of iron; or rather the carbonate or 
iron; since the peroxide is not soluble in water, without carbonic acid. 

Prin. Silica dissolved in water, appears to have been in former times, an Important agent in 
consolidaLing rocks: But at the present day it seems to be limited chiefly to deposits from ther· 
mal waters j since it is oDly water in this condition tiiat will dissolve silica in much quantity. 

Prin. Heat is an important agenl in the cousolidation of rocks: the most so, when it producea 
complete fusion : yet this is not uec.e.ssary to the production of a good degree of solidification. 

Prin. Jn many ef Lbe cases th;;tt have been described, great pressui:e assists in the work ot 
consolidation Indeed, it is sometimes sufilcieril of itself to bring the partides within the sphere 
of cohesive attraction. 

Getzeral Ivferei.1ce from this and the Preceeding Section. 
Inf. From the facts detailed in this and thP precediug Section, it appears that all the stratified 

fossiliferous rocks of any imporLance, may have resulted from causes now in operation. 
Proof a11d Examples. 1.. Beds uf cl~y need ouly to be consolidated to become clay slate, 

graywacke slate, or shale. 2. The same is trne of fine mud. 3 . Sand consolidatt'd by carbonate 
of lime, will produce cal4;ai::eous saodstooe: by iron, ferruginous sandstone. 4. Diluvial deposit!', 
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in like manner, will form conglomerates of every age, according to variations in the agents of 

consolidation. 5. Marls need only to be consolidated to form argillaceous limestones ; and if 

sand be mixed with marl, the limestone will be siliceous. 6. Coral reefs and deposits of Traver

tin, subjected to strong heat under pressure, will produce those secondary limestones that are 

more or less crystaline: but more of this under the next Section. 7. \Ve have already seen 

how beds of lignite and coal may be produced from peat, and drift wood. 8. The formation~£ 

such extensive beds of rock salt and gypsum, as occur in the secondary and tertiary rocks, is 

more difficult to explain by any cause now in operation. And yet in respect to the former, it i.s 

said that tbe lake of fodersk, 20 leagues in circumfnence, on the Steppes of Siberia, has a crust 

of salt on its bottom more than six inches thick, hard as stone, and perfectly white. The lake of 

Penon Blanco in Mexico, yearly dries up, and leaves a deposit Of salt, suffi.ciE"nt to supply the 

country. ( Ure's deology, p. 373,) But the formation of rock salt is usual1yconnected with an· 

cient volcanic action 

SECTION VIIl.- oPERATION OF IGNEOUS AGENCIES IN PRODUCING cEo

LOGICAL CHANGES. 

Prin. Volcanic agency has been at work from the earliest periods of the 
world's history ; producing all the forms and phenomena of the unstratified 
rocks, from granite to the most recent lava. Modern volcanos will first come 
under consideration. 

Def. These are of two kinds, Extinct and Active. The former have not been in operation 

within the historic period : the latter are constantly or intermiltingly in action. 

Def 'When nothing but aqueous and corrosive vapors have been emitted from a volcanic ele· 

vation for centuries, such elevation is called a Soljatara, or Fmnerole. 

Descrip. As a general fact, volcanic vents are not insulated mountains, but 
are arranged in extensive lines, or zones; often reaching half around the 
globe. 

Examples. 1. Perhaps the most remarkable line of vents is the long chain of islands com

mencing with Alaska on the coasts of Russfan America, embracing the Aleutian Islands, 

Kamschatka, the Kurilian, Japanese, Phillipine, and Moluccan Isles, and then turning, it includes 

Sumbawa, Java, and Sumatra, and terminates at Barren lsland in the Bay of Bengal. 2. Another 

almost equally extensive line, commences at the southern extremity of S America, and following 

the chain of the Andes, passes along the Cordmeras of Mexico, thence into California, and thence 

northward as far at least as Columbia River; which it crosses behveen the Pacific Ocean and 

the Rocky Mountains. (Parker's Tour beyo11d the Roc!·y JJfountains.) 3. A belt 10 degrees 

of latitude in breadth, and 1000 miles long, extending from the Azore Islands to the 

Caspian Sea, abounds in vvlcanos; though very much scattered. 'l'he region around the Medl

terranean, is perhaps better kno"·n for volcanic agency than any other on the globe; because no 

eruption occurs there unnoticed. 

Def. V olcanos not arranged in lines or zones, are called central volcnnos, and are more or less 

insulated. 
Examples. Iceland, the Sandwich Islands, Society Islands, Island of Bourborn, Jorullo in 

Mexico, &c. a region in Central Asia, of2500 square geographical miles, from BOO to 1200mi1ce 

from the ocean. De la Bcche's Theoretical Geology, p. 130. 

The following Table will sho" how the Active Volcanos and Solfataras are distributed on the 

Globe. 
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On Conlint:nts. On lsland::i. I Total. 
Europe, 4 20 

I 
24 

Africa, 2 9 !! 
Asia1 17 29 46 
America, 86 28 I 114 
Oceanica, 108 !OS 
Total. 109 184 I 303 

DescriJ'· 194 of these volcanos, or about two thirds, are situated upon the islands of the sea; 
and of the remaining third, the greater part arc situated upon the borders of the sea, or a littlo 
distance from the coast. Girardin's Considerations Gtmerales sur les Volcans, p.25. 

Inference. Hence it is inferred that water acts an important part in volcanic phenomena: in
deed, it seems generally admitted that the immediate cause of an eruption is the exp,tnsive forco 
of steam and liberated gases. It ought not to be forgotten, however, that some ·rnlcanos are fur 
inland: as Jorullo in Mexico, and the volcanos in central Asia. 

lntermillent Volcmws. 
Descrip. Only a few volcanos are constantly active: in most cases their operation is paroxys

mal; and is succeeded by longer or shorter intervals of repose. This interval varies from a few 
montbs to seventeen centuriPs. Io tbe Island of Isch.ia, the latter period has been known to 
intervene between two eruptions. 
· Phenomena of an .Eruption. 

/Jescrip. Probably the most rer.:arkable eruption of modern times took place in 1815, in the 
island of Sumbawa, one of the Molucca group. Jt commenced on the 5lh of April, and did not 
entirely cease until July. The ex.plosjons were heard in Sumatra,970 geographical miles distant 
in one direction, and at Ternate in the op.posite direction, 720 miles distant. Su heavy was 
the fall of ashes at the distance o.f 40 miles, that houses were. crushe<l and destroyed bP.neath 
them. Towards Celebes, they were carried to the distance of 217 miles; and towards Java, 
300 miles, so as to occasion a darkness greater than that of the darkest night. On the 12th of 
April, the Boating cinders to the westward of Sumatra, were two feet thick: and ships were 
forcPd through them with difficulty. Large tracts of country were covered. by the la\•a: and out 
of 12.000 inhabitants on the island, only 26 survived. 

Dcscrip. Sometimes during a violent eruption, the whole mounla.in, or cone, is either blown to 
pieces, or falls into the gulph beneath, and its place is afterwards occupied as a lake. 

Dynamics of Volcanic .!lgency. 

/Jescrip. Taking the specific gravity of lava at 2.S, the following Table will show the force 
requisite to cause it to flow OVt"r the tops of the several volcanos, whose names are given, with 
their height above the sea. The initial velocity which such a fvrce would produce, is also given 
in the last column. 

Name 1 eight i11 Initial velocity per 
feet. second. 

Stromboli, (highest peaK,) 2169 371 feel. 
Vesuvius, 387•1 4.96 
Jorullo, Mexico, 3942 !lD2 
Hccla,Jceland, 5106 413 570 
Etn:,, 10892 882 &32 
Tcnerilfe, 12464 100~ 896, 
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Name. Height. Force. Initial Velocity. 
l\Iouna Kea, Sandwich Islands, 14700 1191 966 
Popocatnpetl, Mexico, 17712 1435 1062 
Mount Elius, 18079 1465 1072 
Cotopaxi, Quito, 18869 1492 1104 
Descrip. The amount of melted matter ejected from Vesuvius in the eruption of 1737, was 

estimated nt 11.839.168 cubic yards: and in that in 1794, at22.435.520 cubic yards. Butthese 
quantities are small compared with those which Etna has sometimes disgorged. Jn 1669, the 
amount of lava was 20 times greater than the whole mass of the mountain ; and in 1660, when 
77.000 persons were destroyed, the lava cover~d 84 square miles. Yet the greatest eruption of 
modern times was from Skaptar Jokul in Iceland, in 1783. Two streams of lava flowed in oppo
site directions ; one of them 50 miles long and 12 broad ; and the other 40 miles long and 7 
broad: both having an average thickness of 100 feet: which was sometimes increased to 500 or 
600 feet. Twenty villages nnd 9000 inhabitants were destroyed. Lyell's Prin. of Geology, 
Vol. 1. p. 343. 

Volcanos constantly .9.ctive. 

Descrip. A few volcanic vents have been constantly active since they were first discovered. 
They always contain lava in a state of ebulition; and vapors and gasses are coostant1y escaping. 

Ex. The mosl remarkable volcano on the globe is that of Kirauea in the Sandwich Islands, on 
Hawaii; for the first accurate account of which we are indebted to American Missionariea. 
( .11merican Jour. of Science, Vol. 11, p. I, and 362.) Rev. Messrs. Stewart and Ellis, the first 
an American, and the latter an English Missionary, have both given us most graphic and thrilling 
descriptions of it. It appears to be situated upon a plain 8000, or 10.000 feet above the ocean; 
and at the foot of Mouna Roa. In approaching the crater, it is necessary to descend two ter
race•, each from 100 to 200 feet high, and extending entirely around the volcano. The oute1 
one is 20 and the inner one 15 miles in circumference; and they obviously form the margin of 
vast craters, formerly existing. Arrived at tbe margin of the present crater, the observer has 
before him a crescent shaped gulf, 1500 feet deep ; at whose bottom, which is from 5 to 7 miles 
in circumrerence, the top being from 8 to IO, is a vast lake of lava, in some parts molten, in 
others covered with a crust; while in numerous places (some have noticed as many as 50 nt 
once,) are small cones, with smoke and lava issuing out of them from time to time. Sometimes, 
and especially at night, such masses of Java are forced up, that a lake of liquid fire, not less than 
two miles in circumference, is seen dashing up its angry billows, and forming one of the grande!it 
-a.nd most thrilling objects that the imagination can concei\'e. Fig. 2701 is a view of this volca
no taken by Mr. Ellio. 

Fig. 270. 

P1k;iu •I Kir .. ta: Scuuilri4A 111.oNU. 
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Earthquakes. 
Descrip. Earthquakes almost always rrcceJe a volcanic eruption ; and cease when the 

lava gets vent. 

lnfercnce. 1. Hence the proxim1te cause of earthquakes is ob,·ious : viz. the expansive ef

forts of volcanic matter, confined beneath the earth's surface. 

l1iference. 2. Hence lJo the ultimate cause of volcanos and earthquakes, is the same ; 
whatever that cause may be. 

Example. The cases that might be mentioned, of cities, and towns, wholly or in part sub

merged by the ocean, in cons~quence of earthquakes, are very numerous. Ju the year 870, 

Mount Acraces is said to have fallen into the sea: in 54 1, Pompeiopolis was half swallowed up: 

in 16921 a part of Port Royal in the West Indies was sunk: in 1755,a part of Lisbon: in 1819, 

a part of Caraccas. About the same time numerous earthquakes agitated the valley of the Mis .. 

sissippi, for an extent of 300 miles, from the mouth of the Ohio, to that of St. Francis; whereby 

numerous tracts were sunk down and others raised, lakes and islands were formed, and the bed 
of the Mississippi was exceedingly altered. Jn 18 19, the bed of the Indus at its mouth, was 

sunk 18 feet, and the vrnagc and port of Sindree submerged. At the same time a tract of the 

delta of the lndus, 50 miles long and 16 broad, was ele,·ated about 10 feet. Jn Caraccrui, in 

1790, a forest was sunk over a space of 800 yards in diameter, to the depth of 80 or 100 yar<h1. 

Jn 17831 a large part of Calabria was terribly com•ulsed by earthquakes, over an area of 500 

·square miles. The shocks lasted for four years: in 1783, there were 949, and in 1784, 151 . 
A vast numh<>r of fissures of every form were made in the earth, and of course a great many local 

rlevations and subsidences; which however do not appear to have exceeded a few feet. Jn 

some sandy plains, singular circular hollows a few feet in <liameter, and in the form of an invert

ed cone, were produced by the waler, which was force<l up through the soil. Some of these 
arc exhibited on 'Fig. 271. 

Fig. 271. 

Vertical .Movements ef Land without Ea1·thquakes. 
Descrip It ocems to be pretty well cstabh:,he<l, that various parts of our present continent~ 

ftrC J:u11ject to Ycrtical movements, <'ithrr of elevation or <lf'prf'ssion, or of both, in alternatio1,; 

:rnd that too in districts not known to bC' subject to the action of carthriuakes, or of Yoka111c 

agrnC'J in any form. 

100 
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Example. The most certain example of elevation of an extensive tract of country in compar· 
atively recent times, is that of the northern shores of the Baltic, investigated with greal ability 
by Von liuch and Lyt>ll. Some parts of the coast appear to have experienced no vertical 
movemPnt. But from Gothenbergh to Tornco, and from thence to North Cape, a distance of 
more Lhan 1000 geographical miles, the country appears to have been raised up from ·100 to 200 
feet above the sea. The breadth of the region thus elevated is not known, and the rate at which 
the land rises (in some places towards 4 feet in a century) is different, in different places. The 
evidence that such a movement is taking plo.ce, is principally derived from the shells of mollusca 
now living in the Baltic, being found at the ele\'ations above named; and some of the barnacles 
attached to the rocks. They have been discovered inland in one instance 70 miles. (Lyell's 
PrinciJ!les of Geolo9y, Yol. 1.p. 437. 

Extinct Volcanos. 
Deserip. The extinct volcanos are of Yery different ages. Some of them \vere active during 

the tertiary period, some during the diluvial epoch; and some since that period. The lava, t!S· 

pecially in the most ancient, was not always ejected from conical elevations, so ~ to form regular 
craters, but along extended fissures. Jn some instances, as in a mountain called the Puy de 
ChopiBe in Auvergne, which stands in an ancient crater, and rises 2000 feet above an elevated 
granitic plain, itself about 2800 feet above the sea, there is a mixture of trachyte and unaltered 
granite. 

Examples. The extinct volcanos of Auvergne, and the south of France have long excited 
d~p interest; and have been fully illustrated by Scrape, Bakewell , and others. Near Clermont, 
the landscape has as decidedly a volcanic aspect aa in nny part of the world ; of w.l)ich F ig. 
272, will convey some idea~ · 

Fig. 272. 

2. Extinct volcanos exist also in Spain, in Portugal, in Germany,along the Rhine, in Hungary, 
Transylvania, in Styria, and in the vicinity or the Dead Sea in Palestine. 

3 . According to Professor Parrot, Mount Arra.rat in Asia, is an extinct volcano. A specimen 
sent me by Rev. Justin Perkins from that mountain is decidt!dly vesicular lava . 
• 4. A large proportion of the lofty peaks of the Andes and the mountains of Mexico belong to 
the class of extinct volcanos: and it is very probable, from the statements of Rev. Mr. Parker 
and others, that a vast region bet ween the Rocky Mountains and the Paciffic Ocean is or the 
same character. 

The Older Unstratified Rocks. 
Prin. The different unstratified rocks appear to be the result of volcanic agency exerted at 

different periods under different circumstances. 

Proof. 1. lde11t"ityof lithological characters bttu:eenreccnt lavas ancl several varietie1 of11nstrat· 
i.fied rocks. The amygdaloids of the trap rocks often exactly resemble those vesicular Javas 
which are cooled in the open air: while the compact trap rocks can scarcely be distinguished 
from the compact lavas of submarine production . Some varieties of trachyte very m1,1,ch resem
ble granite; and the two rocks often pass insensibly into each other j so that it is difficult to say 
whether trachyte be melted granite, or a portion of the materials out of which granite was orig· 
inally produced> cooled in a diflCrent m::i.nner. 
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I'ro9f· 2. The insensible gradation of llie different unstratified rocks into one another. 

Proof. 3 . The mode of occurrence of the unstratified iH rdation to the stratified ror-ks. \Ye 

ha\·e seen, (Section IV.) that the former exist as protrutling, intruding, and overlying masses, 

and occupying veins in the latter. Now th :se are the precisP. modes in which recent lava oc

curs when connected with stratified rocks: whereas no example can be produced in which 

rocks have been made to take these forms by aqueous agency. Indeed, it is difficult to conceire 

how this would be possible. 
Proof. 4. The columnar strncture of the trap rocks. This structure is not uncommon in,,lavas. 

The experiment of Mr. Watts also, upon 700 pounds of melted basalt, which on cooling Clssum

ed the columnar form, as detailed in Section IV, confirms this view : whereas no example of 

such a structure from aqueous agency has ever been found. 

Proof. 5. 1'hecrystaline structure of some of thP u11strarijedrock. 'Vhen several substances 

are contained in an aqueous menstruum, it is difficult to make them crystalize except in succes

sion; whereas in granite the different ingredients appear to have crystalised simultaneously. 

And if the materials of granite, or of glass, be melted and slowly cooled, especially under pres

sure, most if not all the ingredients will assume more or less of a. crystaline form at the same time. 

Proof. 6. The mechanical effects produced by the unstratified upon the stratified J·ocks. Jn the 
vicinity of veins and irregular masses of the unstratified rocks, the stratified ones are bent and 

twisted in every conceivable manner., and sometimes broken entirely. 

Proof, 7. The chemical effects produced upon tlie stratified rock:t by the contact of the urutrati

ficcl. These effects are precisely the same as those produced by dykes of receat lava. 

Prin. The greater degree of crystalization in the older unstratified rocks, may be explained, 

by supposi11g a more perfect fusion of the materials than in recent lavas, and greater slowness 

•in cooling, under perhaps the more powerful pressure of a deep ocean. 

Temperature of the Globe. 

·Prin. The principal circumstances that determine the temperature of the globe and its atmos

phere, are the following: I. Influence of the sun. 2. Nature of the surface. 3. Height above the 

ocean. 4. Temperature of the celestial spaces around the earth. 5. Temperature of the interior 

of the earth, independent of external agencies. 
1. Solar Heat. The solar rays exert no influence as a general fact, at a greater depth than 

about 100 feet. (Baron Fourier mentions 13LI feet as the maximum d 
1

th : Poisson fixes it at 

76 teet. Am. Jour. Science, Vol. 32. p. 5. and Vol. 34. p 59.) 

2. Nature of tlte Surface. The radiating and absorbing power of land is quite different from 

that of water. Ice and snow are still more <lifferent; and lhe nature of the soil affects sensibly 

its power to imbibe or give off heat. Hence lo\'~ islands have a higher temperature than large 

continents in the same latitudes; and the ccean possesses a greater uniformity of climate than 

the fond. 
3. Height above the Ocectn. The temperature of the air diminishes one degree (Fahr.) for 300 

feet of altitu<le: two degrees for 595 feel: three degrees for 872 feet: four degrees for 1124 feel: 

five degrees for 1347 feet: and six degrees fot 1539 feet: Hence at the equator perpetual frost 

exists at the height of 15.000 feet, diminishing to 13.000 feel at either tropic. 

4. Temperature of the Celestial Spaces around the Earth. This cannot be much less than 

the temperature around the poles of the earth; where the solar heat has scarcely no influence. 

Now the lowest temperature hitherto observed on the globe, (at Mell vile lsland,) is 58° below 

zero: and this has been assumed as the temperature of the planetary spaces. Hence it follows 

that there must be a constant radiation ofhea.t from the earth into space. 

5. Tcmpcratureojtlte Interior of lhe Earth., Independent of External Agencies. 
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Prin. In descending into the earth, heneath the point where it is affected by the solar beat) 
we find that the temperature r<'gularly and rapidly increases. 

Proof I. The temperature of Springs which issue from the rocks in mines, as shown in the 

following Table. 

;;; .; 
.; 

~ '°' 
I\)] 

~ E g ~ 
COUNTRIES. MINES. l ~~ ~~ 

z~ 
-">"'< g. E g~"o q ~ ::s 

-
48°9 Saxony. Lead and Silver Mine of Junghohe Birk 256 46.9 102.4 

do of Beschertgluck, 712 5-15 46.4 87. 
do do 840 568 80.7 
do Himmelfahrt, 7;~5 57.9 63.9 
do Kuprinz, 634 SO.I 18.S. 

Brittany, do Poullauen, 128 53.4 52.7 182. 
dC> do 246 53.4 351. 
do do 4f>9 58.3 82. 
do Huelgoet, 197 54. 51.8 89.5 
do do 262 59. 36.4 
do dC> 394 59. 54.7 
do do 755 61.5 48.4 

Cornwall, Doh:oath Mine, 1440 82. 50. 45, 
Mexico, Guanaxato, Silver Mine. 1713 98.2 68.S 45.8 

Proof 2. Temperature of the Rock in Mines; as shown.. in the following Table. 

.,; 

~ 
'o 

~ '°' COUNTRIES. 3 . ~~ MINES. 

i~ t2 ~ 
-5 m~ il g E ~ 

~ ~ 

f-< ::s q 

I. I11 loose matter 11ear thej'lce of the Rock . 

Cornwall, United Copper Mines, l 1142 87°.4 50° 30.5 
1201 88. 3L.l 

Ca~~::~:.~ Coal Pit of Ravin, 597 62.8 52 55 3 

do of Castellan, 630 67.1 52 40 8 
Littry, clo. do of S_t. Charles., 325 61. 36 l 
Decise,do. do of St. Jacobi, 351 64. 29.2 

<lo. do. do do 561 717 28.5 

2. In the Rock near its surface. 

Saxony, IM;oo """'"'"''""" I , .. 
I"' I 

101. 
do do 813 59. 46.4 67. 
do do 236 47.7 174.7 
do do 552 55. 63.7 
do do 880 59. 69.8 
do do 1246 65.7 64.4 

3. Three feet three i11che.'1 within the rock. 

Coro wall, IDolcoath Mine. Register kept 18months 1 1381 175.61 50. 54. 
Saxony, !Lead and Silver Mme of Kurpinz. 413 !;9.6 31.3 

do do 686 62.5 426 
do do 1063 67.7 49.9 
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Proof3 Temperature of Artesian 111'ells, as shown in the following Table. 

~ 0.. 

~ 
~~ 

LOCALITIES. E 1l 
~µ. 

~ ~-= 
.:; j 0.. -"" 
g- il E c..~ 

;:;; ~ 2l"" 
Paris: Fountain de la Garde SL Ouen. 216 51.Ql 55. 0 2 52.7 
Dept. du Garde et des Pas Calais Fountain 

Artesienne de Marguetta. 184 G0.5 54.5 46. 
Do. <l'Aire. 207 55 9 38.3 
Do cle St. Venant. 328 57.2 49. 

Sheerness, England, mouth of the Medway. 361 50.9 59.9 40.1 
Tours. 459 52.7 63 5 42.5 
A well at La Rochelle . 369 53.4 64.6 33. 
Near llerlm, Prussia at, 675 49.1 67 66 36.3 

Do. the same well at, 516 63 95 34.7 
Du. do at, 392 G2.82 2S.5 

Near N.Brunswick,N.Jersey,al the depth, 250 ;:: l 72. 
Do. al, 3~4 

South Hadley, Moss. 180 46.34 52. 32. 

Proof 4. Thermal Springs. Vast numbers of these occur in regions far removed from anymo<l· 

crn volcanic action; generally upon lofty mountnin ranges ; as upon the Alps, the Pyrenees, 

Caucasus, the Ozark mou11tains in this country, where are nearly 70, &c. Their temperature varies 

from about summer heat nearly up to that oC boiling waler. JS"or ca11 their origin be e:xp!<dned with· 
out supposing a deep seated source of heat in the earth. This rirgument is not indeed, :is <lirecl aml 

conclusive as those previously mentioned: But it confirms the others. 

Proof 5. The e1·istence of numerous dee7l seated vo/c(lnos. This argument is of the same kind 

as the last, and does not need any farthn illustration here. 

Proof 6. Nnt one exception lo Lids increase of fotemal temperature Ii~ ever occurred, u·licre the 

expe:imenl has been made in dup excavations. 

lnfere11ce 1. The increase of tempNature from the surface of the earth <lownwar<ls, does not 

appenr to be at the same rate in all countries. Tbe mean of all the observations recorJ ecl in the 

preceding tables, wbich have been made in England, gin~s 44 feet for a change of one degree. Jn 

some mines in France the increase is much slower, and in a few it is faster. The mean is r~ck· 

ooed at about 45 feet for each degree. 1n Mexico, acco1ding to the only observation given above, 

it is '15 8 feet. ln Saxony it is consi<lerably greater, not far from 65 feet to a degree. The few 
observations in this country given in the preceding table, indicates an i11crease of 54 feet to a 

degree. 
Inference 2. At tbis rate, and assuming lbe temperature of the surface lo be 50°, a beat suf

ficient to boil ~rater would be reached at the depth of 5962 feet, or a little more than a mile: a 

heat of 7000°, sufficif'nl to melt <iii k1wwn rocks, would be reachell at 48 miles: and at tho 

cenler of the eanh, it would amount to 577.000°. Cordier's Essay 011 the Temperature of lhe In

teri.or of the Earth. Amherst, 1828,p. 73. ltlo_O'att's Scientific Class Boole, by Prof. Johnson, 

Philadelphia, 183,6, Yol. 2, p . 311. 

111ference 3. From the preceding facts, and other collateral evidence, it l1as been inferred that 

all the interior of the earth, except a crust from 50 to 100 miles thick, is at present in a slate of 

fusion: lbal origio:illy the whole globe was melted, and that its present crust has been formed 

by the cooling of lhe surface by radiation. 

Remark. Fig. 273, is intl:'nded to represent the proportion of melted and unmelted matter in the 
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earth, agreeably to the above inference; and on the supposition that the solid crust is 100 miles 
thick. This is shown by the broad line that forms the circumference. According to the mean 
increase of subterranean heat stated above, this crust should be only half as thick. 

Fig. 273. 
Fig. 274. 

Proofs of this hiference. 

Proof I. Until some fact can be adduced showing that the heat of the earth ceases to increase 
beyond a certain depth, nothing but hypothesis can be adduced to prove that h does not go on 
increasing, until at least the rocks are all melted: for when they are brought into a fluid state, 
it is not difficult to see how the temperature may become more equalized through the mass, in 
consequence of the motion of the fluid matter; so that the temperature of the whole may not be 
greatly above that of fused rock. Now jf the hypothesis of internal fluidity have other argu .... 
ments (which follow below) in its favor, while no facts of importance sustain its opposite, the 
former should be adopted. 

Proof 2. It appears from. the experiments and profound mathematical reasoning of Baron 
Fourier, that even admitting all the internal parts of the earth to be in a fused state, except a 
crust of 30 or 40 miles in thickness, the effect of that internal heat might be insensible at the 
surface, on account of the extreme slowness with which heat passes through the oxidized crust. 
He has shown that the excess of temperature at the surface of the earth, in consequence of this 
iuternal heat, is not more than I-17th of a degree, (Fabr.) nor can i~ ever be reduced more than 
that amount by this cause. This amount of heat would not melt a coat of ice 10 feet thick, in 
less than 100 years: or about one iuch per annum. The temperature of the surface bas not di
minished on this account, during the last 2000 years, more than the 167th part of a degree: and 
it would take 200.000 years for the present rate of increase in the temperature as we descend into 
the earth to increase the temperature at the surface one degree : that is supposing the internal 
heat to be 500 times greater than that of boili~ water. From all which it follows, that if internal 
heat exist, it has long since ceased to have any effect practica11y upon the climate of the globe. 
Annals de Chimie el de Physique No. 27. American Journal of Science, Vol. 32. P· I. Phi:iip'• 
Treatise on Geology, Vol. 2. p. 275. 

Proof 3. The existence of 300 active volcanos, and many extinct ones, whose origin is deep 
seated, and which are connected over extensive areas. 

Other Hypotheses of Volcanic Jlctio11. 

Hypothesis of the ilfetal/oids This hypothesis, originally proposed, though subsequently 
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abandoned, by Sir Humphrey Davy, supposes the internal parts of the earth, whether hot or cold, 
fluid or solid, to be composed in part of the metallic bases of the illkalies aod c::i.rths, which com

bine energetically with oxygen whenever they are brought into contact with water, with the e\·

olution of 1ight and heat. To these metalloids water occasionally percolates in large quantiti~s 
through fi:;; ... ures in the strata, and its sudden decomposition produces an emption. Dr. Daubeny, 

the most strenuous advocate of this theory at the present time, has brought forward a great num
ber of con!:.iderations which render it quite probable that this cause may often be concerned in pro
ducing volcanic IJhenomena, even if we do not admil that it is the sole cause. lJaubeny on Vol

ca11os. 

Proof 4, The Spheroidal Figure of tl1e Earth. Its form is precisely that which it would as
sume, if while in a fluid state, it began to revolve on its axis with its present velocity; and 
hence the probability is strong that this was the origin of its oblateness. But if originally fluid, 
it must have been igneous fluidity: for since the solid matter of the globe is at present 50.000 
times heavier than the water, the idea of aqueous fluidity is entirely out of the question. 

Proof 5. The tropical and ultra tropical character of organic remai11s found in high lcititudo. 

If the globe has passed through the process of refrigeration, as the hypothesis of original igneous 
fluidity implies, there must have been a time, before reaching its present statical condition, when 
the surface had the high temperature denoted by these remains : and that period must have been 
Yery remote; siQce no essential change of temperature from internal causes has taken place for 
thousands of years. A climate, also, chiefly dependent on subterranean agency, would be more 
uniform over tho whole globe, than one dependent upon solar influence: and such appears to 
have been the climate of those remote ages. Hence we may reasonably impute that temperature 
to internal heat; if some other more probable cause cannot be found. 

Proof 6. The }act that nearly all the CMlSl of the globe has been i11 a melted state. For if the 
enti re crust of the globe has been fused, it is a fair presumption that it was the _re&ult of the fu .. 
1ion of the whole globe. 

Proof 7. This t/Jeoryjurnishes us u:ith the 0111!1 kn01cn adequ.atecausefor theeleration ofmoun-

lain. chain.s and continents, 

Elevatio11 by Central Heal. 

First bloM. It is possible to conceive that volcanic power, acting as al present, but with vast· 
ly gr~ter intensity, might have lifted up continents: for their elevation, in part at least, appear:! 
to have been the result of local forces acting beneath the earth's crust. 

&cond Mode. A more probable hypothesis., suggested by Beaumont, imputes the present 
ridged and furrowed condition of the earth's surface to a collapse of its co11soliduted crust 11pon ill 
contracted foterior nucleus. This is illustrated by fig. 27·1. 

The outer circle represents the crust of the earth, after it had become consolodatcd above the 
liquid mass within. This heated nucleus would go on contracting as it cooled, while tbe crust 

would remain nearly of the same size. At length when. it became necessary for the crust to ac
commodate itself to the nucleus, contracted for instance to the inner circle, it could do this only 
by falling down in some places and rising in others; as is represented by the irregular line be· 
tween lhetwo circles. Tb us would the surface of the earth become plicated by the sinking down 
of some parts by their gravity, and the elevation of correspondent ridges by the lateral pressure. 

The principal ridges thus produced, must coincide very nearly with a great circle: and as the 
earth's crust made successive efforts to accommodate itself to the constantly contracting nucleus, 

ridges would be produced in different directions, crossing one another ; and thus the Yarious ~ys

tems o( eley;'.\.tion known to exist en the globe, be formed at various epochs. 
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Origin ef the Primary Stratified Rocks. 

Remark. The way has not previously been prepared for a full understanding of the lwo by· 
potheses concerning the origin of the primary stratified rocks; because both of these depend 
more or Jess upon internal heat. 

First Hypothtsis. According to this hypothesis the strat ified primary rocks are merely the de
trit:ll or fossiliferous rocks altered by heat. As these accumulated at the bottom of the ocean, 
being mtJch poorer conducters of heat than water, they would coufinc the internal heat that was 
attempting to escape by radiation, until it became so great as lo bring the matter into a crystaline 
state: but not great enough to produce entire fusion, so as to destroy the marks of stratification. 

Arguments in favor of this Ifypothesis. I. Numerous facts show that the molecular constitution 
of solid bodies may undergo great changes, without much change of the general form ; and e\•en 
without any great elevation of temperature. Thus the heat of the sun alone, will change pris
matic crystals of zinc into octahedrons; and the same takes place with sulphate of nickel. (Con
nection of the Physical Sciences by JJlrs. Sommerville, p. 171.) Indeed, Dr. Macculloch says he 
has completely proved by experiments, that "every metal can completely change its crystaline 
arrangements while solid, and many of them at very low temperatures." (System of Geology, 
JTol. l. p. 190.) Analogous changes have taken place in sandstone beneath trap rocks: in trap 

l'Ocks after they have become soliJ ; and in solid glass. Hence the presumption is in favor of 
these intP.rnal changes in rocks ofu1cchanical origin from internal hea~. 

2. The heat requisite for the conversion of detrital into crystal ine rocks, without destroying 
the stratified structure, may have been derived either from an internal heated nucleus in the earth, 
when the crm~t wns thinner than at present, as it was during the period in which the primary 
.strata were deposited, or from local nuclei of heat> propagated upwards through detrital deposits, 
according to the theory of Prof. Babbage. 

3. Geology furnishes numerous examples, in which the mechanical or (ossiliferous rocks have 
been converted by beat into primary crystalized rocks in limite<l spots by the agency of heat. 
When dykes of granite, porphyry, trap rocks, or recent lav,,e, pass through detrital deposits, for a 
certain distance on the sides of the dyke, these conversions have taken place. Chalk and earthy 
limestone are in this manner in Ireland, converted into crystalized marble: ana the same effect 
was produced upon chalk by heating it powerfully in a sealed gun barrel. Experimental proof 
h:is also been furnished by the chemist, that quartz rock is merely sandstone altered by heat; a! 
is shown also at Salisbury Craig, Teesdale, and Shropshire in Great Britain, where sandstone and 
basalt come in contact. In Shetland argillaccous slate, when in contact with granite, is changed 
into hornblen<le slate. 

LL The primary strat"fie<l rocks still retain marks of a mechanica1 orip;in. The general appear
ance of gneiss and JTiiCa slate is that of fragments of crystals, more or less worn and rounded, and 
lhcn recemente<l by heat . But real conglomerates occur which yet have all the characters of the 
primary stratified rocks, except perhaps gneiss. 

Objections. 1. There is little probability tliat detritus is conveyed to the botlom of the ocean 
in quantities sufficient to cause such an accumulation of internal heat, as would convert me
chanical into crystaline rocks :-a degree of heat nearly equal to that which would melt them. 
True, the heat would accumulate in these detrital deposits to a certain degree: but not beyond 
what exists in the soli<l crust of the earth generally; and this would require us to descend many 
miles, before a temperature would b<:' reached sufficient for the purpose. Unless, therefore, 
this theory suppm:es a much higher kmpel'aturc on the globe when this change took place, than 

at pr escnt, (and most of its advocates deny thi~,) lhe requisite heat could not haYe been obtained, 
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especially as in many cases the primary rocks extend to the surface, and do not appear to have 
ever been covered with newer ones; so that there must have been heat enough to produce th.is 
transformation immediately beneath the waters of the ocean. 

2. The difference in chemical composition between the primary and the newer rocks, is op
posed to the idea that the former are only modifications of the latter. .For we find that some of 
the ingredients, lime and carbon for il'slance, are far more abundant in the newer, than in the 
ol<ler rocks. This difference points of course to a different origin. 

3. lf all the stratified primary rocks are metamorphic, we ought to find in them occasionally, 
especially in the limestones, traces of organic remains. For examples are not uncommon, in 
which the traces of such remains are found in calcareous rocks which ha\•e become perfect 
crysta1ine limestone, as in the encrinal limestone: and in other rocks which are converted into 
vesicular trap by the agency of heat. lt is incredible, therefore, that if the remains of animals 
and plants once existed in these rocks, as numerous as they now exist in the secondary rocks, 
they should have ali vanished ; since it is certain, that the heat which produced the metamor-
phosis, was not great enough to obliterate the stratification. • 

Second Hypothesis. This hypothesis supposes the primary stratified rocks to have been formed 
partly io a mechanical and partly in a chemical mode, by aqueous and igneous agency, when the 
temperature of the crust of the globe was very high, and before organic beings could Jin 
upon it. 

Arguments in Javor of this Hypothesis. 1. It shows why amid so much evidence of chemical 
agency, in the formation of the primary rocks, there is still so much proof of the operation of 
mechanical agencies. For in that state of the globe, when its crust had cooled only so far as to 
allow water to exist upon it in a fluid shte, volcanic agency must have been far more active 
than at present: and consequently the agitated waters must have worn away the granite at their 
bottom extensiv-ely. But as the heated waters would contain a great deal of silica, and other 
ingredients which would readily fall down as chemical deposits, the abraded materials would be 
consolidated before they had become entirely rounded into pebbles; so that the compound might, 
upon the whole, be regarded as of chemical origin ; and yet not be destitute, as gneiss and mica 
elate are not, of the marks of attrition. l ndeed, it would be strange, if in some instances the 
attrition did not proceed so far as to produce the materials for a perfect conglomerate ; as the 
facts mentioned under the last hypothesis show was sometimes the fact. 

2. It shows us why silicates predominated in the earlier perio<ls of the globe; and why lime
stone and carbon were more abundant at later periods. Thermal waters often contain 
an abundance of silica in solution ; but cold water never does. Again, by heating water 
to the boiling point, the carbonic acid is all driven off: and without this acid, carbonate of 
lime could not be held in solution to much extent ; and farther, hot water will dissolve much 
less quicklime than cold; the proportion being as 778 to 1270. Hence the heated seas of those 
early times would contain and depcsit more of silica, but less of lime, or carbonate of lime, than 
under existing circumstances. Another cause why less of lime is found in the older rocks, is, 
that probably it was then less in quantity in a soluble state; since it would seem to have been 
derived, in part al least, from organic beings which did not then exist. 

3. It explains the absence of organic remains in the primary stratified rocks. It shows that 
the temperature was too high, and the surface too unstable, to allow of the existence of anima.Is 
and plants. And if they had existed in as great abundance as at present--an assumption which 
is made by the preceeding hypothesis-it is incredible that some traces of them should not re
main: for ir the fusion of these rocks was not so entire as to obliterate all marks of mechanical 
agency, if, in fact, perfectly rounded pebbles still occur in them, there is no reason why the hard
er parts of animals should not also remain: We have examples where the traces of organic rc-

101 
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mains exist in rocks, that have been almost entirely fused-at least so much rnehed, as in the 
case- of a ve~l a ble stem in trap, in the valley of the Connecticut, that it is converted into deci

<led ves icular amygdaloiJ; and yet its vegetable character can scarcely be doubted. (No. 2590, 

State Collection) We may hence infer, wiH1 no little confidence, that organic life did not 

exist on the globe when the primary rocks were in a course of deposition, and this hypothesis 

explains the reasan. 
4. It explains too the reason why carbon ts much less abundant in the older than in the newer 

rocks. Organic beings are undoubtedly th~ immediate source of most of the carbon in the 
rocks, and of course it wElulcl be found in small quantities where neither animals nor pbnts existed. 

5. Jt explains the imperceptible gradations of gneiss into granite, which we often witness. For 
if thick beds of gneiss were deposited upon the granite, under the circumstances supposed by the 

hypothesis, it is easy to couceive how the internal heat should accumulate in the manner <~xp\ain

ed by Prof. Babbage, so as to melt the granitic crust anew, and to extend the fusion into the 
lower beds of the .gneiss; at least so as to produce an almost entire obliteration of the lines of 

stratification, and for; numerous 11iduses of perfect granite in the gneiss. This hypothesis 

explains the passage of these two rocks into each other, better than the first hypothesis; because 
it supposes a higher temperature beneath and ueon the earth's crust at the time of the fonnation 

of the gneiss.. 

lntensily of .!lclion in the Causes of Geological' Change. 

First Theory. Mr. Lyell contends that the causes of geological change now operating upon· 
t~e globe, with no increase of intensity, that is, acting with oo moi:e euergy than at present, 
are sufficient to account for all the revolutions which the crust of the earth has undergone . He 

admits of no irregularities or catastrophes greater than now take place: and supposes that effects 
which transcend any single effect of e:xisting causes, have been the result of repetitions, some
times almost endless, of present agencies. In other words, he supposes that things have re
_mained from the beginning subject to no greater changes than they experience at the present 

time. To prove these positions is the great object of his able ·work on the Principles of Geolo
gy. 
• Proof. J. It is agreed on all hands, that the nature of geological causes has been the same 
i~ .all ages; although even as late as the time of Cuvier, he says that" none or the agents na

:ture now employs were sufficient fo:r the proJuction of her ancient works.,, 
2. An indefinite repetition of an agency on a limited sca\e, can produce the same effects as a 

paroxysmal effort of the same agency, however powerful; prQ".ided the former is able to pro
duce any effect, as for instance, in the accumulation of detrilqs, the elevation of continents the 

disloca_tion o: strata, &c. _ N_ow it is unphilosophical to call in 'be aid of extraordinary ag;ncy, 
.when its ordmary ope{at1o.n 1s enough to explain the phenomena. . 

3. Neally every variety of rack fo.und in the cru.st of the glohe, has beet\ shown to be in 
t~ course of formation by existing aqueous and igneous agencies: and if a few have not et 

~en detected in the process of formation, it is probably because they are pro.duced in places ~n
ae,cessible to observation. 

Second Theocy. This theory admits that no causes of geological change, different in their na .. 

tur_e from those now in ~ction, bav~ ever operated on. the globe : in other words, that the geo.A 

l.ogu~al proce~ses n~w ~orng on, are 1~ a~l cases the ant1types of those which were formerly iu op· 
eratton; but it wa1qta\ns that the ex1strng caqses operate uow in many cases, wi~h less hitcnsit 
~~~ y 
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Proof 1. The spheroidal figure of the earth and other facts already detailed, seem to render al· 
mosl cerlain the former fluidity of the globe. Now whether that fluidity was aqueous or igneous, 
or both in part, it is certain that the agencies which produced it must have operated in earlier 
times with v:i.stly greater intensity than at this day, and that their energy must have been con· 
stantly decreasing from that time to the present. 

2. Still more direct is the evidence from the character of organic remains in high latitudes, of 
the prevalence of a temperature in early times hotter than tropical: too warm, indeed, to be ex· 
plained by any supposed change of }e,·els in the dry land. And if this be admitted, beat must have 
been more powerful in its operation lhan at present; and this would increase the aqueous, atmos
pheric and organic agencies of those times. 

3. No agency at present in operation, without a vast increase of energy, is adequate to the 
elevation, several thousand feet, of vast chains of mountains and continents; such as we know 
to have taken place in early times. A succession of elevations by earthquakes, repeated through 
nn indefinite number of ages, the vertical movements being only a few feet at each recurrence, is 
a cause inadequate to the effect, if we admit that earthquakes have exhibited their maximum 
energy within historic times. Besides, it is difficult to conceive how a Continent could be sus
tained several thousand feet high, unless melted matter be forced in beneath its crust. But 
earthquakes, and e\-en the whole amount of volcanic power, if the doctrine of internal heat be 
rf'jected, could not supply any such prop. If we could suppose a succession of earthquakes, 
acting for thousands or millions of years along some anticlinal axis of great length, we have 
reason to suppsoe from their known operation, that sometimes they would elevate, and sometimes 
t1ink dowu the surface; s::> that the final resultant would be probably little change of level, aod 
not an elevation like the Andes or the Himmalayah mountains. 

4. lo a majority of cases the periods 0£ disturbance on the globe appear to have been short 
compared with the periods of repose that have intervrned: llS is obvious from the fact that par
ticular formations have the same strike and dip throughout their whole extent: unless some por
tions have deen acteJ upon by more than one elevatory force: and then we find a sudden change 
of strike and dip in the formations above and below. \Vhert>as, bad any of the causes of eleva
tion now in operation lifled up these formations by a repetition of their present comparativPly 
minute effects, there ought to be a gradual decrease in the dip from the bottom of the formations, 
unless some stratn are wanting. At the periods of these elevatory movements, there(ore, the 
force must ha\'e been greater than any that is now exerted, to produce analogous effects. 

5. The sudden and remarkable changes in the organic contents of the strata, as we pass from 
one formation to another, even when none of the regular strata are wanting, coincides exactly 
with the supposition of long prriods of repose, succeeded by destructive catastrophes. Nor ie 
the supposiLion that species of animal and plants have become gradually extinct, and have been 
replaced by new species, by a law of nature during periods of repose, sustained by any facts that 
have occured within the historic period : no example having been discovered of the creation of a. 
new species by such a law; and not more than one or two (the Dodo and Apteryx) of the ex

tinction of a species. 
6. We have no evidence that the most important cf the older rocks, bolh stratified and un 

stratified, are produced by any causes now in operation. That they may be produced deep in the 
earth, where igneous causes are still in intense operation, is a plau~ible hypothesis, but unsa!!
tained by a single example of the production of mica slate, gneiss, granite, or sienite. The 
highly cr~·stalmc and in other respects peculiar character of these rocks, as well as their entire 
deficiency of tracrs of organic existence, when they were formed, point to a state of the globe, 
different from the present, but different only because existing causes especially heat o~ratf'd 
then with greater energy than at present. 

7. Diluvial action, since the deposition of the tertiary strata, requires for its explanation 11 
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greater intensity of action in existing geological agencies than is known at the present day. 

This point, however, bas been so fully discussed that nothing more need be added here. 

S. Upon the whole, with the exception of diluvial action, were we to confine our attention lo 

the tertiary and alluvial strata, it might be possible to explain their phenomena by existing 

causes, operating with their present intensity. But when we examine the secondary and prima· 

ry rocks, we are forced to the conclusion that this hypothesis is inadequate: and that we must 

admit a far greater intensity in geological agencies in early times than at present. 

Metallic Veins. 
Dcscrip. The metallic matter, called ore, rarely occupies the whole of the vein: but is dis

seminated more or Jess abundantly through the quartz, sulphate of baryta, wacke, granite, &c. 

which constitutes the greater p::irt of the vein, and is called the ga11gue, matrix, or veinslone. 

Descrip. Metallic like olht!r veins, vary very much in width, both in a vertical and a hori~ 

zontal direction. They are of unknown depth ; for scarcely ever have they been exhausted 
downward. 

Descrip. Jn all cases metallic like other mineral veins, are filled with matter different from 

the rocks which they traverse. Their width is very various; from a mere line, up to some hun

dreds of feet. The metallic veins of Cornwall vary from an inch to 30 feet in width. The 

contents are sometimes arranged in successive and often corresponding layers on each side. 

Descrip. The contents of metalliferous veins often v<iry in the same vein, in different rocks, 
through which they pass perpendicularly and in the direction of the vein. Their width also. 
Yaries in the same manner. 

Descrip. Metallic veins are most numerous in primary and transition rocks. No vein is 

'\\'Orkcd in Great Briti::in above the new red sandstone. Nor are any explored of much impor· 
tance, above the carboniferous Hmestonc. 

Descrip. As a general fact, metallic veins are most productive near the Junction of stratified 
and unstratified rocks. Fig. 276, is a section of tin and copper veins near Redruth in Cornwall. 

They generally pass from the killas, or slate, into the granite beneath. The section reaches to 

the depth of 1200 feet. The dotted lines represent the tin lodes, (veins) and the continuous lines, 
the copper lodes. 

Fig. 275. 

Theories to explain the Repletion of Vei11s in Ge11eral. 

J. Werner supposed that veins were fissures filled by aqueous infiltration from above. 2. 

H.utton supposed that :eins were filled by melted matter injected from beneath. 3. Prof. Sedg

wick supposes some veins to ba\'e been produced by chemical segregation from the rock in which 

they occur, w~ile t~at was in a yieldi~g state. 4. Mr. Fox and M. Becquerel refer the origin 

of many metallic verns to ~lectro-chem1cal agen~ies, which are operating at the present day, to 

transfer the contents of verns e\•en from the solid rocks, in which they are disseminated, into 

fiisures in th~ same. 5. M: Ne~kar and .Dr. Buckl~nd suggest, that some mineral veins may 

have been filed by the sublimation of their contents into fissures ;:md cavities of the superincum~ 
bent rocks, by means of intensely heated mineral matter beneath. 
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A CATALOGUE OF SPECIMENS OF ROCKS AND MINERALS 
ILLUSTRATING THE REPORT OF A GEOLOGICAL 

SURVEY OF MASSACHUSETTS. 

Collected by Order of the Government of the State. 

The State Collection contains two sets of specimens, both numbered from unity onward. The 

smallest set consists chiefly of soils, clays, and mads; and all the spE"cimens are contained in 

glass bottles, ticketed and sealed, and extending to 227. In the other set, which contains 2645 

specimens, the numbers are usually attached directly to the specimens, though some of them are 
in bottles. When reference is made to this Collection in the preceeding Report, the letter b, is 

annexed to the specimen belonging to the first or smallest set, except the soils proper, which 

amount to 152: and which can hardly be confounded with the specimens of the other set. In 

the second set considerable irregularity will be perceived in the order of the numbers, occasioned 

by the re-survey, which made it necessary to add a second set of numbers to the first, under the 
different rocks. This could not be avoided without numbering over the whole Collection anew. 

About 130 of the specimens have been smoothed or polished; and this is mentioned under 

each number, where such is the case. Those specimens that have been only smoothed, have 

been varnished ; and this process will need to be renewPd occasionally. I found that in this way 

the true character of the rock could be brought to light quite as distinctly as by polishing; and 

thus the expense was considerably reduced. 
First Set. 

No. 1 to 125, Soils from various parts of the State: for their character arid localities see 

Table, P· 41. 
No. 
126 Muck Sand, 
127 do 
128 do 
129 do 
130 do 
131 do 
132 do 
133 do 
134 Marsh Mud, 
1% do 
136 do 
137 Diluvia! Clay. 
138 do 
139 do 
140 do 
141 do 
142 do 
143 do 
144 Torliary do 

Sunderland. 
Bradford. 
W. Springfield. 
Hadley. 
Sheffield. 
Northfield. 
Amherst. 
Leominster. 
Cambridge. 
Newburyport. 
Medford. 
Newbury. 
Manchester. 
Northfield. 
Sunder1and . 
Amherst. 
Kingston. 
Lowell. 
Gay Head. 

J\'o. 
145 Porcelain Clay Norwich 
146 Marly do Williamstown. 
147 do do North Adams. 
148 Marl, Buck's farm, Stockbridge. 
149 do Pittsfield. 
150 do W Stockbridge. 
151 do Stockbndge, N E of Village 
152 do Pittsfield, S W of Village. 
153 do Lee, Sedgwick's M1lls 
154 Calcareous Diluvium, Chicopee Falla. 
155 Springfield, Water Shops. 
156 West Springfield. 
157 Siliceous ttlarl, (Bergmehl, or mountain 

meal,) Spencer. 
158 Green Sand, Marshfield. 
159 Apothemite, Newbury. 
160 Decomposing Trap Rock, Mt. Holyoke. 
161 Yellow Ochre, Athol. 
162 do Monroe. 
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163 Yellow Ochre Newbury. 16 Cyclas (nondescript,} in morl, Pittsfield. 
1G4 do New Morlbo.rough. 17 Bog Ore, Brookfield. 
165 Red do do 18 do New Braintree. 
166 Moulding Sand, Foxborough. 1~ do Petrified Carex, do 
167 do? Montague. 20 Black Wad, (earthy oxide of manganese,) 
168 Decomposed Granite, Norwich. Conway. 
169 Siliceous Marl, or Fossil Infusoria, Barre. 21 do Leverett. 
170 do Andover. 22 do Whately. 

g~ Marl~tee, S. ii:a~~~!~13~~:t~~~r tbe Sllf- ~~;~ ~:::~tc~~~Z;e~:~B~=~~ia,W.Stockbridge. 
face. 1553 Cadmia, Van Deusenville l!'~urnace,Stock-

173 do do do 10 feet deep. bridge. 
174 do do C. Bassett's Bed. 1554 Manganese from the hearth of the iron 
175 do do Sedgwick's Mills. furnace, Richmond. 
176 to 201, Soils: for characters and localities, 1555 Peat, Sunderland. 

See Table, :P· 41. 1556 do Westborough. 
203 :Marl, Stockbridge, N. E. of Village. 1557, 1558, do Lee. 
204 do Farmington, Ct. 1559 do Hubbardston. 
205 Diluvial Clay, Palmer, S. part. 1686 Wad, West Stockbridge. 
206 do Springfield, under the river. 2504, 2505, Calcareous Concretions in Cal"e 
207 Green Sand, New Jersey. Lanesborough. 
~08 do Gay Head. 

;~~ \~~iteB~:~~i:t:;r~7.<l.N. Jersey. Diluvium. 

~-~~ Decomposeffo GraniteNew J~~~ey. 23 Dilu\·ium, Leon1inster. 
(Moulding Sand for Brass.) 24 do ferruginous do 

213 Moulding Sand, near Albany N. Y. 25, 26, 27, and 28 do consolidated, Pownal, Vt. 
214 do? Shutesbury. 29 Pyrula Garica, {47 feet below the surface,) 
215 do Connecticut. Nantucket. 
216 Yellow Ochre, Bedford. 30 do do worn, Nantucket. 
217 do Harwich. 31 Natica Heros, do 

~i~ ~~~:lii~Ta~:~~u~eLe~ork State. ~~ ~~e~~~~:!:~~!~ata. ~~ 
;;~ g'.1r~~.~~:'':;r• ~~:~~tl};om the Chester ;~ ~:~1:Amherst. do 

222 Ch~~1~a~~t~r0£e1:rrrom do. ~~ a~~
0

~8 Cla~~ Leominster. 
223 Bichromate of do from do. 39 do Loamy, do 
224 Geate of Alumina from Soils. 40 San~, do . 
225 do of Lime from do 41 Arg1llo-Calcareous Concrehons in Clay, 
2'26 do of Potas~a from do. Claystones, South Hadley. 
227 Geine from do. 4~, 43, and 44 do Amherst. 

4o do Hadley. 
Second Set. 46 do South Hadley. 

41 and 48 Ferruginous do in Clay and Loftm1 

STRATIFIED ROCKS.-(.!llluvium.) 49 and 50 do ~oe::~°ii:dley Canal. 

I Alluvial Sand, Lock's Pond, Shutesbury. 51 do do Deerfield. 
2 Fossil Infusoria, (polishing powder,) do 52 do do Charlestown. 
3 and 4 Peat, Pittsfield. 53 Brown Hematite, Stalactical, Richmond. 
5 do Leverett. 54 do do W. Stockbridge. 
6 do Hadley. 55 do Pavonine, do 
7 and 8 do Weston. 5G do Compact, Richmond. 
9 do Northborough. 57 do Mammil\ary, Lenox. 

10 do Shrewsbury. 58 do With Yellow.Ochre, W. Stockbridge. 
11 do Wilbraham. 59 do W 1th Red Ox1<le of iron, do 
12 Marl, Pittsfield. 60 do With _radiated manganese do 
13 PlanorlJ.is parvus and bicarinatus in marl, 61 Gibbsite, Richmond. 

Pittsfi~ld_. 1560 C~lca~eous Diluvium, Springfield. 
14 do trivol1s 111 do do 1561 Diluvtal Sand, Plymouth. 
15 Lymnoea heterostropha and cotascopium, do 1562 do Clay, W. Springfield. 
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1563 Diluvial Clay, W. Stockbri 'ge. 2520 Coarse Sand, Pier No. 4. Depth 5 ft . 
1564 do Palmer Rail Hoad. 2521 Muck Sand, not calcareous. 6 ft . 6 in. 
1565 do Taunton. 2522 Fine Clay, Mady do do 20 ft. 
1566 to 15?8, .do Ia Rhomboidal mas es, West 2523 Muck Sand, very marly do 30 ft. 

Springfield. 2524 Coarse Marly Sand. do 34 fL 
1683, 16~4, do do Deerfield. 2525 Gravel. do 35 ft. 
2502 Clay used for Fuller's Earth,Northampton. 2526 Coarse Sand and Pebbles do 40 ft. 

lu69 tolul~5i~f bfa~,r~~~~fi:1d~oncretions in .Li- !~2;5 ~::tv~~m the bottom of tt: ~~-!~", 6r/:~ 
1585, 1566 tlo Hadley. which level all the preceding depths wP:re 
1587, 1588 do Deerfield, perhaps bu- measured, the rounded stones were found 

man bones formed the nucleus. from 6 to 12 inches in diameter, sho"'"-
1589 to 1591 do Manchester. ing it to be a <lilu\•ial deposit. 

~~~~ !~ ~~~~ Cl~~st~~~ ~;r~~~e~~~~:'n~:rd~?'~th Eocene Tertiary. 
Hadley Falls. 62·-68 Clay of various colors, Gay Head, 

1639 to 1646 do Amherst. Martha's Vineyard. 
1647 to 1650 do Agawam in W. Springfield. 69 and 70 Saud agglutinated, yellow do 
1!151to1655 do North Adams. 71 do white, do 
1656 to 1658 do Wethersfield, Ct. 72 do green, do 
<659 to 1664 do Windsor, Ct. 73 do with clay, do 
1665to1668 do Montague. • 74, 75,aod 76 Lignite, do 
1669to1682 do Deerfield, near Sunderland 77 QuarlzoseConglomerate-cemented by iron, 

Bridge. Gay Head. 
IG83 and 1684. See No. following 1568. 78 and 79 do Cement argillo bituminous, do 
1685 Galena from diluvium, Dedham. 80 Specimen or Oolitic aspect. do 
1687 Pyrolusite, Iron Ore Bed, W. Stockbridge. 81 lnduraled Clay, do 
1688 Fcrruginous Conglomerate, Montague. 82, 83, at1d 84 Impressions of Leaves on a~ 
1689 Carbonate of iron, (Sphrerosiderite,) Iron gillaceous iron ore, Gay Head. 

Ore Bed, W. Stockbridge. 85 Impression of a Seed Vessel; Gay Heacl 
1G90 Fibrous Hematite, Richmornl. 86 Vegetable Remains do 
1691 Stalactical Hemitite with dendrites prob- 87 Cast of a Venus, do 

ably of manganese, W. Stockbridge. 88 Cast of a Tellina, do 
1692, 1693 do R1chmo11d. 89 Cast of a Turbo, du 
1694 to 1696 Mammillary do Richmond. 91,92, 93, aorl 94 Concretions, do 
1697 to 1700 Compact do do 95 Concretions in fenuginous sand, Nantucket. 
1700 to 1703 Vesic~lar do do 26 Fossil Zoophyta? in conglomerate, Gay 
1704 Scaly Red Oxtde of Iron from a bowlder, Head, l\lartha's Vineyard. 

Carver. 97, 98, 99 Fossil Crabs in green sand, do 
1705 Gibbsite on Hematite, W. Stockbridge. 100, 101, and 102 Shark's teeth in green sand 
2501 Hornstone, bowlder, Plymouth. and conglomerate, Gay Head. 
2512 to 2527 Consist of Sand, Gravels an~ 103 Crocodiles' tooth? changed into flint, Gay 

Clays, from borings beneath Conuectt· Head. 
cut Rinr at Springfield, executed by 104-108 Vertebrae (104nnd lOi mineraHzed,)do 
Major Whistler, where the Wt>stern Rail lOQ Fragment of a rfb, do 
Roa<l crosses it. The first eight speci- 110 and 111 Fragments of a bone, do 

·mens were taken from Lhe depths indi- 112 do with liguite in quartzose conglomera.-
cated at the abutmeat on the east bank ate, do 
shown on the Section, Fig.67,by the per- 112, 114,aod 115 do in do Gay Head. 
pendicu!ar line most to the left. 1:'he sec- 116 do perforated do 
ond eight were taken froll) beneath tbe 117· an.d l ~8 Radiated Pyrites, do 
fourth Pier shown by the fifth p.erpen· 11.9 Hydrate of Iron, pisiform, do 
dicular line reckoning frogi left to right. 120 <lo mammillary, do 

2512 Coarse Sand, Ab..ut~ent, depth 5 ft. 9 in. 121 do. nodular, perforated by lignite, do 
2513 Clay, not marly, do do 7 n. 122 and 1~3 do nod.ular, perforated by ligailc,do 
25H do d1> do do 10 ft. 9 in. 1~4 125, and 126 do columnar, 
2515 do Marl.x, do do 20 ft. 9 in. 127 to 130 do compacl end slnty, do 
2516 do dQ do 25 ft. 9 in. 131 Selenite i.n day with !-ignite, do 
2°17 do do do 30 ft 9 in. 1706 White Clay, Kingslon, 
2518 F-iRa Sand. slightly calcareou.s, 32 ft. 9 in. 1707 Ferruginous Conglomerate, Marshfield, 
2519 Qo~rsei: do ~nd .ravel do do 39 ft. 5, in,. 170~ Concretio11 i.n Grttn Sand, do. 
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1709 to 1711 Fossil She1ls, Gay Head. 177 Micaceous Sandstone, near trap, Mt. Tom. 
1712 to 1714 do Ma1shfield, Green Sand. 178, 179 do do Turner's Falls. 
1715 to 1718 Lignite, Gay Head. ISO do do under the trap, Mount Tom. 
J 719 Ferruginous Conglomerate, do 181 Amygdaloidal do near the trap, do 
1720 Brown Sand, do ISJ Amygdaloidal Sandstone, Granby. 
1721 Sand from decomposed Granite, do 286 do Northampton. 
1722 Green Sand do 183 Micaceousdo passing into shale, S. Hadley. 
17.23 to 1731 Clays of various colors, do 184 do do Sunderland Cave. 

New Red Sandstone. 185, lSt~:~~~= ~c:~~~~e~ti:a:a~;t:::~od~e of 
132 Conglomerate, ~muse, Greenfield. 187 Micaceous Sandstone with carbonate of 
133 and 134 do variegated, Deerfield. Copper, Turner's Falls. 
135 do ofcomminutedgranite,Bernardston 188 Variegated do Agawam river, Wed 
136 do do Westfield. Springfield. 
137 do from the ruins of argillo4 rnicaceous 189 do do Turner's falls. 

slate, Greenfield. 190 do do South Hadley Falls 
138 and 139 do do Bernardston. 191, 192 Red shale, slightly micaceous,jointed, 
140 do from mica slate, talcose slate, granite, near Turner's Falls. 

&c. Mount Toby. 193 Reddish fine micaceous sandstone, under 
141 do do Mouth of l\Iiller's river. the trap, Titan's Pier. 
142 do do epidotic do 194, 195 do above shale, Turner's Falls. 
143 Nodule from same conglomerate, do 196, 197, 198, do do South Hadley Canal. 
144 Conglomerate from the ruins of Granite, 199 Shale breaking into wedge~form masses, 

South Hadley Canal. Turner's Falls. 
145 do do Mt. Holyoke. 200 do gray, hard, micaceous, do 
146 do do Belchertown. 201 do yellow decomposing, (a bowlder,) 
147 do do Amherst. Amherst. 
148 do With a ferruginous concretion, 202, 203 do black, South Hadley Canal. 

South Hadley Canal. 204 do do West Springfield. 
149 <lo chiefly a nodule of Granite, Amherst. 205, 206, 207 Bituminous Marlite, do 
150 do gray, Turner's Falls. 208 do Sunderland. 
151, 152, 153 Tufaceous Conglomerate, Mt. 209 do variegated, West Springfield. 

Tom, Northampton. 210 do glazed, do 
285 do do 211, 212 Fetid Limestone, Paine's Quarry, do 
154 Coarse red sandstone, (Hoyt's Quarry,) 213 do very hard and brittle, do do 

Deerfield. 214 do do do 
155 do Westfield. 215 do Meacham's Quarry, do 
156 do Whately. 216 Argillo-ferruginous Limestone, Agawam 
157 do water worn. Greenfield. River, do 
158 do do 217,218,219Tripoli,Paine'sQuarry,do 

~~i' b~y ~::~i:;0;~~~~~:;y ~ D~~~~e1~~ld. 220, 22~pri~;fie~o~~~r~adley Falls, on the w. 
162 Reddish do Westfield. 222 to 225 Septaria or Ludus Helmontii West 

.163 do do Longmeadow. Springfield. ' 
164 clo with pi~ces ~f fine red micaceous sand- 226, 227 Concreted Carbonate of Lime, Mount 

stone partially 1mbeddcd, Turner's Falls. Toby, Leverett. 
165 Fine Red do (smoothed,) Longmeadow. 228 do Sunderland Cave 
166 do do do 22H do Paine's Quarry, W. Springfield: 
167 Coarse Gray d_o from the Adit, Southan:p- 230 do stalactical, Sunderland Cave. 

ton Lead mrnes. 231 Calcareous Spar in Veins in black shale 
168 Light Gray do Mount Holyoke. W. Springfield. ' 
169 Darker do Turner's Falls. 232, 233, 234 Satin Spar in red and black shale 
170 Variegated do and sub-crystaline in do ' 

contact with Trap, Titan's Pier, South !il35 Sulphate of Baryta, below Turner's Falll!I 
Hadley. Greenfield. ' 

171 Gray, fine do West Springfield. 236 Sulphate of Strontia on fetid carbonate of 

i ;; Co~~ser g~ ~:~=~~!·Falls. 237 ~::~i~~:c~::i '~n ~~t:r~n~~·s ~::1~fe6~~ 
174 Brecciated do near do Springfield. ' · 
175 lllicaceous, gray do South Hadley. . 238 do do_ ~ith blende, do 
176 do under the trap, Mt. Holyoke. 239 Blende and Galena m fetid limestone, do 
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240 Carbonate of Tron in lenfcular crystals. 1747 Striped Sandstone, Rocky Hill, Hart-
Turner's Falls. ford, Ct 

241 do? South Hadley Canal 1748 do hardened by trap. do 
242 Iron Sand, Turoer's Fal ls 1749 Gray do do do 
243 Vitreous Copper in Sandstone, Simsbury 1750 Arragonlte ~ on Sa1.dstone, \V1lbraham 

Mmes, Granby, Ct. 1751, 1752, 17o3, Vegetable relics on sand-
244 Pyritous C(lpper in Sandstone, Turner's stone, Wilbraham. 

Falls. 1754 Stripe<l Sandstone, Agawam River. 
245 Green Carbonate of Copper, {poor speci- 1705 Micaceous do do 

men) l; 1eE'nfield. 1756 Vesicular do West Springfield. 
246 Bi Luminous Coal in sandstone, South Had- 1757 Com part fetid limestone, Chicopee Fa.lie:, 

ley, north part Springfield . 
247 do do South Hadley Co.nal 1758 do Agawam River. 
248 AnasphaJtic. C('lal, do Turner's Falls. 1759 c!o argillaceous do 
249 Incrustation of purple fiuate of lime on fetid 1760 Septaria do 

Limestone, Paine's Quarry, W. Spring- 1761 do branching, Chicopee Falls. 
field. 1762 do kidney shaped, Agawam River. 

250 to 254 Vegetable Remains on bituminous 1763 do Cabolvi'.Je .. 

255 shale, SundeJ~and, north ~.r~pringfield :~~~ ~~ s;~il~oi~e~~~~~·Agawam River. 

256 do Sunderland. 1766 Bituminous Coal in Shale, Mitineaque 
257, 258 Vegetable(?) Relics in new red sand- Falls, W. Springfield. 

stone, Deerfield. 1767, 1768, do with Cale Spar. do 
259 do do Greenfield. 2500 Decomposing Shale, Montague. 
260, 261 do do Deerfield. 1769 Reddish Satin Spar, W. Springfield lo 

262, 263 Encrinite (?)shale, W . Springfield red shale. 
264, 265_ Ripple Marks and Concretions on 1770 White do. same place. 

shale, (See Fig. 100 ) do 1771 Di·rotyledonous Vegetable Remains with 
266 do wiLhout reticulations, do fossil fish on Shale, Sunderland. 
267 Zoophyta (?) converted into chert in shale, 1772 do on do Northampton. 

do 1773 Stem of plant on Shale, Chicopee Falle-, 
26Sto 277 Concretions in felid Limestone, W. Springfit>ld . 

Spring6eld. 1774 Fragrnents of vegetables, South Hadley, 
2781 279 lcthyolites {Eurynolus lenuiceps, north part. 

Agas.) in bituminous shale, Sunderland. 1775 Vegetable Relics on red shale, (Sec 
280 do two fish in contact, do Plate 28, fig. 3) Wethersfield, Ct. 
28 1 do only scattered fragments of the 1776 Large vegetable Stems on Shale, Sun-

fish, do derland. 
282 Concretion in shale, Turner's _[J~alls. 1777 Vegetable Relics and perhaps Echini 
283 Moulds of Organic Relics(?) South Had- Wethersfield, Ct. 

ley Canal. 1778 Vegetable Ren1ains, S. Hadley Car.al 
284 Vein• of Clay, do (See Plate 28, fig 5.) 
285, 286 (See the numbers following 153 and 1779 do Amherst, Bowl<ler. 

182.) 1780 Fucoid, Suffield Ct. (See fig. 92) 
1732 Conglomerate, gray, Amherst bowl- 1781 Vegetable Stem converted into copp~r 

der. ore, Suffield Ct. 
1733, 1734 do variegated, Southwick. 1782 do with fossil footmarks, Chic-

g~~ Redd~:h Sang;to~:~s~~~ld, W. d:rt. 1783, i°.fse: ~:~~~~~ri:!::t~b1~ ~:~i[~~-:u, 
1737 do. variegated,do. do. Northampton. 
1738 Conglomerate, Belchertown, bowlder. 1783 do Welhersfield 1 

Ct. 
1739 do. Granby. 1784, 1785 Clay Veins in black shale wilh 
1740, 1741 Red Sandstone, Wilbraham. Yegetable relics, Cabotvi\le 
1742 do striped, Springfield. 1786 Clay Veins in relief, S. Hadley. 
1743 Dark compact sandstone passing into 1787 Unknown Relic, (See fig. 93.) Chicopee 

trap 1 Mount Holyoke. Falls 
1744 Black Shale, Montague. 1798 do Wilbraham. 
1745 Gray Sandstone, Agawam River. 1789 do Sunderland, (fig 94) 
1746 Lenticular crystals of Calcareous Sj>ar 1790 do Wethersfield, Ct 

on limestone, Paine's Quarry, \V. 1791 Micaceous Sandstone with concretions, 
Springfield. J S. Hadley. 
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1792 Unknown animal relic (fig. 9S,) \Veth- 2563 Plaster Mould ofO tuberosus. 
ersfit::ld. 2;64 Jo of 0. E1q>.111sus. 

1793 do? Monla!!ue, S. W. part. 2.:J65 Plaslt'r Cil~l of 4 tracks ofO. cuneatu& 

1794 ~';:s~~-fossil fi.;hes, g:t"nus EurynuLUs of 
2566 

from d~· ~/~~'-r;arvulus. 
1795 Animal ? relic, (See l<'ig. 99,) Sunder- '.1567 du of S Harr~1ii. 

land. 2508 Plaster J\luuld of S Jacksoni. 
1796 Orn1thoidichnitestuberosus in relief, Tur- 2269 do of.;. beleroclilus. 

ner1s Falls, Montague. :l570 do of S. tenuis.s11uus. 
1797 do in r~ln:f1 small, Wethersfield ::!571 du of 8. liaileyi. 

Ct. 2572 Plai;.ter l'ast of a double track of S. 
1798 do dirnricalus, Cabot ville. Emmonsii? 
17~9 do Deanii, two tracks, Weth- 2573 Ju of S. palmatus. 

ersfidd. 2574 Plaster Mould ol S. longipes. 
1800 do <lo and teouis, do 2075, 2576 t.lo trnck of S Em1110nsii al diffe~ 
2528 do gncil1or an<l uun11nus se1·eral ent depths. 

trac~s, Wt:tlwr~fielcl. 2577 du of small slab of tr:icks. 
2529 do tetradacty}us, in relief near •ri79 do of O. m:11.:roclactylus. 

Cabotville. 2579,2580 do.of 0 de~ans 
2530 Sauroidichnites Emmonsii? several 25S l to 2584 Plaster Cast of 0. Dl"anii. 

tr.icksl Wethersfield 25fi5 do of o_ lt-tradaCl)"lus. 
2531 S. minitan::;, do 2586 do of 0 grac1iis. 
2532 do do several tracks in re· 2587 do of O. i::.adact}lus. 

l ef, Chicopee Falls. 2588 do of 0. delica1ulus. 
2533 S. pvlcmarch1us, <lo 2589 do vf two tracks of 0. rninimus. 
:J534 Orn1thoidich11ites clegans, Montague. 
2535 do degantior, do Grctywacke-
2536 do ma(' rodac1ylus, elegans, and 

minitrtns, \Vt'ttwrsfid<l ·187 Conglomerate, the variety most common, 
2537, 2538 Sauroidichnites Emmonsii, \Veth· Dorchester. 

ersfield. 288 do do Swansey. 
~39 Ornithoid;chnites isodactylus, Jforse 289 do do ·wilh n vein of 

Ract.>, Gill. quartz, Brookline. 
2540 do minimus, two tracks o:ie of 2!)0 do do Attleborough. 

them distorted, \Vt-thersficl<l. 2Yl do do rnddi:;h 1 Roxbury. 

2541, 2~;~e2:~\,~;~~.dstone, S. Hadley, al the ~~~ ~~r~~;;~ld red sandstone,) ~ ~~\!~~~rough. 
26-13 Soft striped shale, Rail Road Cut, W. 293 do nodules chiefly mica slate, .Bradford. 

Springfield, W. part. :294 do nodules fint' mica slatl' or quartz rock, 
2644 \Vater Limestone, Agawam river, W. containing mag. ox. iron, Middleto~n, 

Springfield. R. Island. 
2545 Ripple Marks, Horse Race, Gill. 295 do quartzosc br~cciated, Attl .. borough. 
2546 do Welhersfield. 296 :Breccia,fral!'ments or slatereunited,Natick. 
2547 do (See Fig. 88 ) do 207 do do Randolph. 
2548 do finer do 2£18 do fine, di,) Natick. 
2549 do very small do 3111 do somewhat tounded,do sh1ty, Dorchester. 
2550 Impressions of Rain Drops, do 302 do do <lo Canton. 
2551 do le.ss distinct, do 307 see No. following 291. 
2552 do much enh1rge<l, do 309 Old red Sandstone, red from red oxide of 
2553 do much more spread, do iron, Attleborough. 
2554 do with fine ripplt.! marks, do 31 l do do Wrentham. 
2555 Partial Concretion? do 312 do Chocolate color, Rehoboth. 
2556 do? do 313 <lo do Walpole. 
2557 Ornithoidichnites giganteu~ in relief on 314 do do Abington. 

stone 1 Northampton. 315 do do Canton. 
2558 Plaster Cast of do. showing the claws '316 do doslaty, \\rrentham. 

dist:nctly, from w~theri.fi<.>ld. 318 do do wilh veins of white 
2559 do of 0. ingens from Gill. quartz, Wrentham. 
2560 Plaster Mould of Sauroidicbnites pvle. 319 do red, Greenbush, N. York. 

rmirchius. 124 Classical graywacke, ~ray, Rehohoth. 
2561 do of 0 tuberosus. 325 do reddish, (Old Rod Sand-
2562 Plaster Cast of O. tubero5us. stone,) do 
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326 Graywacke rerl, Attl~borough . 1801 Conglom. nodules mostly quartz, Berkley. 
327 <lo do tbowlder) liull 1SJ2 do <lo lJ1g11tun. 
32'.i do gray, Newton. 1803 do calcareous, M,rn:,field. 
3"29 <lu wilh veiusof quortz, Pawtucket l~!.14 do Hoxbury. 
33\> dH wnh <lo Slephentowu, N. Y. J ~05 do pebbles chielly quartz, Attlt>borough.. 
331 do with do Allit'borough. 1806 UlU tle<l tiandslune ~ Cunglumerute, At ... 
332 <lo H..ehoboth tleburuugh, .::). W. part. 
333 do with anthracite, Troy, N. Y. 1807 Couglomerate, Walt>ule. 
334 <lo gray, 81ephentowu, N. Y. IO V8 Uld r<.t:d ~antlstooe Vunglo.merJ.te, Attle--
335 Graywacke .Slate, gruy, Newlon borough~- W. part. 
336 do do Watertown IS09 do do do 
337 <lo do Paw ucket . ISIO C.onglomeratt! (bowlder) Hancock. 
333 do light, do Newbury. 1811 Old L{eU ::iaiu.lslone Conglomerate, \Vren-. 
339 do du glazed, Newport, R l:.luutl. thum, S. W. part. 
340 do do Wutenown 1813 Conglurnt:'rate, l'\ewton \V. part . 
341 do do Natick. 1814 Ju Fall River. 
342 do do ep1dot1c, Newtun- 1Sl5 do fine {bowlder) llancuck W. part. 
343 do do Taunton . lS lt:i do 8wan:.ey. 
344, 345do deep red from oxide of irou, Allie- 1817 do Walpule. 

borough. l8:l0 .Slaty, reddish, Roll.bury. 
346 do gray, do 1821 do with \'eins or quartz, Atlleborough. 
347 do reddish, Newbury 11'22 do wcdged betweeu nrnsst::s uf ::.1enite. 
348 do do with quartz veins 1 Pawtucket. .M1tltlleburough. 
349 do do dividetl by juiots, Wrentham . 1823 do ch1e1ly slaty compact feldspar. 
3 .)Q do do do Pawtucket. Plymµtun. 
351 do <lo variegated, Newbury. 1824 do Co<1I Measures, Mansfield. 
352 do do M dtun 1 S:J5 do Old Hcd 8and:.lone, Attit:-borough. 
353 do red Newbury, Kents lslund. 1826 do do \Vrenlham. 
354 do reddi.sb variegatetl, Hllll. 1 8~d do gray, {bowlder) Roche~ler. 
355,356do gray, Nassau, N. Y IS:l\:I Graywacke, gray,HanO\'E'~ Four Corners. 
357 No\.~aculite, Charlestown . 1~3l 81uty do (bowld~r . ) M1dd.l1:<borough. 
35~ Argdlnceous Slate, coal mine, Portsin01.llh, 183i) Craywacke with vein.~ of amiaothus, 

;~~ ~~ v1~~~~~~~~~:1, Rainsf~r~~:1 ~::~1~~'~: 1836 P~~~~h~~~~\ninc, Cumberland, R I. 
ar.1 do do Sou1h Boston. 1S37 Petalite in Linil"stont:, Attleborough. 
36:i do lamin;;c curved, Rainsfo1d Island 1838 Calcareous Spar on graywacke, Mansfield.. 
363 do light gray, H alifax. J8.1Y Graywacke w1Lb anthracite, Abin<..:ton. 
364 Argillaceous 8late with veins of calcareous 18-!0 Shale, withorganicrelic,Cumberlaod,R. I. 

spar, \'\~a!t:rtown. 1841 do Glazed, do 
365 do variegatt>d, Quincy. 1842, 1843 Anthracite, do 
366 do Hull 1844 Shale glazed, Mansfield. 
367 do (Novaculi le ?)Boston Light House 18..J.5 Anthrac1tous Shale, Hardon mine, 
368 do (do?) Hingham . Man::.field. 
369 do (do:) SpringSlreet1 Roxbury . 1846 Anlhracile 1 do do 
370 do (do?) Waterlown. 1847 do Wading Vein~ do 
379 \.Vacke from a vein in gr:i.nlle-lead mine, 1848 do Foxborough. 

Easton. 1866 Graywacke, 11,scription Rock, Asone"' 
39 1 Prase with asbestus, Brighton. Berkley. · 
393 Cubical P_rrile1'inanthracitousslate, Wren ... 1910 Limestone, compact, Attleborough. 

tham coal mine. 1911 do with Slate, do 
394 Asbestus in slate, Somerset. 249\:l Glazed Shale, Mansfield 
395 Impressions o(ferns &c. on slate, Newpo1t, 2091 Calamites, cylindri(1al, Wrentham. 

R. Island. 2592 to 25~4 do t1auened 1 
do 

396 Sph<enophyllum? on anthracitous slate do 25Y5 Stigmaria, wiLh depression on one sidc
1 

dt:> 
397 Unknown impressions on do do ~596 do with central ax.1s

1 
Mansfield. 

398 Cnlamites, Wrentham, Coal Mine. :25Y7 Monocotyledonous Plant? on shale, Man~ 
399 Neuropt~ris? &c. on sbte, Jo field, Hardon Mine: .shows the lower 
4()r) Relic on. hard schistose rock, Attleborough part of lhe leaf. 
<Ol Anthuc1tt>1 Wrentham. 2598 do Upper part of leaf. do 
40~ do Portsmoulh 1 R. Island . :l599 do central part of do do. 
403 Sec the No. followin;; No. 803. 
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2600 Flattened Stem, pointed, Wrentham 1827 Quartzose reddish Slate, do 
South rarl. 1830 Talcose Slalt-, quartz ID grains, Wren• 

2601 Large Fern, (Plate 23,) l\lansfield. tham, S. part. 

~~~~ ~;~;~~~~~i:i~,\r;:r~t~1:~iine, Mansfield. 1832 S~t~~~~k~yry, somewhat mechanical, 

2604 Ncuropteris, do do 1833 Varioloid WacKe,_ do 
2605 }1'ern do do 1834 do Hingham. 
2606 Pach)·pteris? orOdontopteris? do do 1849, 1850, 1851, 1852, Conglomerated Cl<iy 
2607 Small Reeds, Wrentham'. Slate, Sl~te Quarry, Han•ar<!· 
!608 do and Sph:cnophyllum, Hardon Mine, 1853, 1854, 185<> Conglomer:ued Mica Slate, 

Mansfield. Bellingham. 
2609 Pecopteris and .Sph<:eoophyllum emargina- 1856 Mira Slate associated with the last lhreo 

tum? MansfiPld. Nos Bellingham 
2610 Sphenopteris. 1857 Juncti .. m of the Mica Slate and Conglom-
2611 Asterophyllites? &c. Mansfield. erate, . do . . 
2612 Annularia, do 185$ Spangled Mica Slat~ assoc1ateJ. with the 
2613 Aaterophyllites or Equisetum, Mansfield. Conglomerate, Belhngha~'· . 

1859, l~:~g~~:!~e~~fli:~~::ted wJtb the 

Metamorphic Slates. :~~~ ~~~!1~~~:·,:.~0~f~t~;:~ithwd~~~~:~!~!. 
299 ConglomC'rate, frae-ments of compact feld- Wrentham, S. part. 

spar, cement indurated clay, Saugus. 1863 Bastard Mica Slate, Brecciated, Wren• 
300 Breccia, fragments of compact foldspar tham. 

unitt:d1 Nantaskel Beach. 1864, 1865, Aggregate of mica and quartz, 
3031 304 Slaty aggregate of quartz and mica, Fall River. 

Middlt:town, R. Island. 1867, 1868 Metamorphic Rock, Head of Nan-
305, 306 do with argillaceous matter, Fall tasket Beach. 

River. 1869 do Duxbury. 
308 do passim? into mica slate, do 1870 Graywacke Slate passing into Hornstone, 
317 Talcose (?)Slate, Randolph Weston, N. part. 
320 Talcose aggregaleconglomerated, Canton. 1871,1872 Hornstone with a slaty structure, do 
321 do Cambridge. 2105,2106,2107,2108,MicaSlate(whetstooe 

~~~ ~~ N':;~~;;: 823 Mr~:t~,la~~1~~;~~,n~-q~~r~;;tSmithfield, 
871 AmphiholicAggregatc, Middletown, R. J. R. lsland. 
372 Varioloid Wacke, Saugus. 
373 do Brighton. .Orgillaceous Slate. 
374 do Hingham. 
375 do Nantasket Beach. 404 Macle in argillaceous slate, (bowlder) 
376 do Hingham. Worcester. 
377 do nodules quartz and epidote, Brighton. 405 Common argilla~eous slate, Guilford, Vt. 
378 do approaching porphyry, Needham. 406 do Lancaster. 
380 Amygdaloid passing into siliceous slate, 407 do Shirley. 

Newport, R. ]. 408 do Harvard. 
381 Siliceous Slate, porphyritic, Newport. 409 do Pepperell. 
382 do do 410 do passing rnto mica slate, Bernardston. 
383 do with veins of granite do 411 and 412 do with quartz veins, Guilford, Vt. 
384, 385 do Nahant. 413 do wavy surface, Glen, Leyden. 
386 Passing into chert, do 414 and 415 do contorted, Guilford. 
387 Jaspn, Newport, R. I. 416 Micaceo-argillaceous slate in echellon, Glen 
3871-2 Heliotrope? do Leyden. 
388 Clouded Jasper (Compact feldspar?) Saugus. 417 Argillaccous Slate much beat, Guilford, Vt. 
1060, 1061 Melamorphic Slales, Duxbury. 418 do do do 
388, 389 Jasper, or red compaclfeldspar Saugus. 419 do exhibiting a double flexure, do 
392 Zoisite, in Amphibolic Aggregate, Mid- 420 do red, Sand Like, N. Y. 

dletown, R. J. 421 do gray beneath limestone, Chatham, N.Y. 
1812 BrecC'ia, fragments porphyry, Nantasket 422 do rpidotic, Hancock. 

Beach. 1423 Chlorite Slate, Guilford, Vt. 
1818

' 
1~1s~in~~;omt~~~~i~e~~syr~~:~~' ~:~e- :~: ~~i~;t~l~:;\nng ~~~~l~c::aucsu~;;;?,f~~;~~~~: 
bury. 427 A caid of Jl.Jacles. do 
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1893 Clay Slate, Harvard, Quarry. 
1894, 18U5, do jointed 1 Lanca..:ilt:r. 

481 do with chlorite (a bowlder, Con,.-ay,) 

1896 do Harvard, wilh a vein of granite. 
1897, 1898, do Groton. 

origiually from Wbillnghan1, Vt. 
482, 483 Dolomitic (?)Limeslone, Somerset, Vt. 
484 Fine Granular Dolnmile, do 
485 White cry:staline fetiJ limestone, Bolton. 
486 Pelalite, do 
4S7 and 488 Limestone Magnesinn, Boxboro'. Limestone. 

428 and 4291 White Marble, polished, Adams. 489 do wllh serpentine, Littleton. 
430 and 431 do do W Stockbridge. 490 do do 
432 do do Lanesborough. 491 and 492 Conrse granular whitish Limestone. 

433 and 434 do do New A•hford. Chelmsford. 
4'J5 White Saccharine Limestone (bowlder,) 493 do do Acton. 

Peru. 494 Gray do Walpole. 
436 Granular white Dolomite, Sheffield. 495 Compact light gray ilo Kewport, R. I. 
437 Gray Marble, {polished) Lanesborough 496 Compact white translucenl 1\larblc: (polish-
438 do do W • .StoC'kbr1dae ed.) Stoneham. 

439 and.J!~ x~~{o~arble, clouded (polished°) 497 GrR~~~~~ntuded limestone, Smithfield,. 

441 do do do W. Stockbriuge. 498 White do Harris Rock, do 
442 DovP. colored Marble, clouded (polished.) 499 do do Dexter Rock, do 

Great Barrington. 500 l•'lesh colored do do 
443 Gray Limestoae, Sheffield. 501 Flexible Marble Slab, New Ashford. 
444 do Lee. 502 Laminated Calcareous Spar, Bernardston. 
445 do nearly compact, Lanesborough. 503 Cr.ystalizeJ do do 
446 do clo W . Stockbridge. 504 Hydrate of Iron, do 
447 do light, Pittsfield. 5u5 Magnetic Oxide of Iron, do 
448 Dark gray limestone nearly compact, 506 Nephrite, Stoneham. 

Williamstown. 507 Allothroite? do 
449 and 450 do do Stepht>ntown, N. Y. 508 Specks of Serpentine in lime.slone1 Box~ 

451 do Canaan, N. Y. borough. 
452 do compact with veins of calc. spar, 509 Crystaline augite in calc. spar, do 

Chatham, N. Y. 510 Cale. Spar, wine yellow, in limestone, do 
453 do with numerous veins of quartz, do 511 Actyoolite, in do do 
454 Yellowish coarse Limestone with a for- 512 <lo radiated in do do 

eign mineral, Stockbridge. 513 CompJct purple scapolite &c. do 

455 Micaceous limestone, \lo 514 Lilac do Bolton. 
456 do with mica and quartz, Cana.an, Ct. 515 Crystalized do in gray quartz, do 
457 do do Lanesborough. 516 Dark gray do (Nuuallite) do 
458 do do South Lee. 517 Sahlite, do 
459 do do Whately. 518 do with compact scapolilc, Acton. 
460 do do Colrain. 519 Diopside, Whitingham, Vt. 
461 do do Conway. 520 Actynolite, Chelmsford. 

:~~ ~~ ~~ ~0e:1l~~mpton . 521 an~~ft~~isiticateofMagnesia,(Boltonite.) 

464 do with veins of quartz and calc. spar, 523 and 524 While amiantbus, Chelmsford. 
Conway. 525 Limestone and while talc, Smithfield 1 R. J. 

465 do with veins of granite, Colrain. 526 Crystaline augite, scapolite, and cinnamon 
466 do with veins of argentine, W. Hampton. stone, Carlisle. 
467 do decomposed ~t the surface, Guilford, Vt. 527 Cinnamon Stone and pargasite, do 
468 and 469 Gray Limestone in mica slate 528 do do 

(bowlders.) Williamsburgh. :i29 Crystalized Scapolite, Littleton. 
470 an<l 471 Fo!5siliferous Limestone, Bern- 530 Actynolite do 

ardston. 531 Phosphoite of Lime.in scapolite, Littleton. 
472 do brecciated (polished.) do 5:32 Sphene with scapol1te an<l petalite, Bolton. 
473, 474 and 475 Disintegrating Organic Re- 5 ·33 do do Littleton. 

mains, in do do 534 do with ~ugite and scapolite, Carlii!1le. 
476 Coarse white limestone with grnphite 535 White crystahzed Augite in dolomite, 

(bowlcler.) Blanford. Canaan, Ct. 
477 and 478 <lo Whiti.n~lmm, Vt. 536 Carbonate of Lime and Augite, Lee. 
479 do Wb1trngl.am, Vt. 537 Tremolite in dolomite, do 
480 do micaceous, do. 538 do do Canaan, Ct. 
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639 Tremolite in dolomite, Sheffield. 1959 Gray Limestone, Smith's quarry, N 
540 Bisilicate of Lime and (Sca1>0liteRock.) Marlborough. 

Trh.ilicate of Alumina, Canaan, Ct. 1960 l\Iicaceous Limestone, Cheshire. 
641 do compact (the common variety.) do. 1961 Limestone with yellow mica, Middlefield, 
542 do with dolomite, do E. quarry. 
643 do with mica passing into micaslnte, do 1962 Junction of mar~le and ~ica slate, Fitch's 

~::9, i:~o ri·~~si~~:t,zc~~d;;;~t:;b~~ate, mar- 1963 W~~;;~~i~:~~~~:0fi~~~~~:~, Middlefield, 
ble, North Adams. E. quarrr· 

1901 1 190.'2 do do do Fitch's Quarry, 1964 Talcose Limestone, . Becket. 
West Stockbridge. 1965 Micaceous do gray; Middlefield, E quarry. 

1903 do do do W. Stockbridge. 1966 Junction of limestone and talco-1111caceous 
1904 do do do Sheffield. slate, Saddle Mt. Williamstown. 
1905 - do do do Lanesborough. 1967 Calcareous l\Iica Slate, Saddle lift. E. 
1906 do do do Egremont. Bridge, .Adams. 
1907 do do do Girard College Quar- 1968 Carbonate of lime mica and quartz, 

ry, Sheffield. West Stockbridge. 
1908, 1909 do common, Boston Corner. 1969 do and quartz, do 
1912 Sparry Limestone, Lanesborough. 1970 Dolomite and feldspar, Tyringham Spart. 
1913 do Kew Ashford. 1971 do with mic3, quartz, &c. S. Lee. 
1914 Black Limestone, Lanesborough. 1972 Limestone and augite, N. Marlborough, 
1915 do bowlder, Richmond. E. of 1\1. House. 
1916 Gray do Hancock. 1973 Micaceous Limestone, decomposed, Pep· 
1917 Reddish do S. Williamstown. perell. 
1918 Gray do Concord. 1974 Dolomite with white augite, Tyringham. 
1919 do do Whately. 1975 do w)th tremolite1 Becket, S. E. part. 
1920 192Jdo do Ashfield. 1976, 1977 do do Lee. 

~~~~ ~~ ~~ bowlder, if::~~~:~~~ .. ~~~~ ~~arl~~~~~ef~~~r~~~e,Lancsboro~~~,.bury. 
!~~: Dolo~ite~~fy~fn~h~~: S. ~~;tke, N. Y. ~~~~ ~;~';~~i~~ ~~?c~~~i~;~~~:~, ie~~~~: 
I 925 do marble, Sheffield. 1982 do do Adams. 
1926, 1927 do Smith's Quarry, New 1\Iarlbor- 1983 Feldspar and quartz: a vein in lime· 

ough. stone, Cole's brook, Middlefield 
1928 do HadselPs Quarry, do 1984 Galena inlimestone,gangue quartz,Alford. 
1929 do near S. M. House, do 1985 do and pyrites, do 

~~~~ ~~ S. o~~~l~~~~,m~V~l.it~~-stP~r~ 1986 ~~~l\~~~~~0~0uartz in limestone, South 

1932 do clouded marble, Gr. Barrington. 1988 Carbonate of Iron, Newbury. 
1933 do Hadsell's Quarry, New Marlborough. 26·16 Slab of clouded flexible marble, Great 
1934 do Lanesborou~h, E. Part. Barrington. 
1935 do N. W. base of Saddle Mt. Williams-

lOWD. Quartz Rock. 
1936, 1937 do Quarry, 1 m. W. of village, Lee. 545 White byaline Quartz. from mica slate, 
1938 do neu M. House. Dalton. He•lh. 
1939 do East Bed, Middlefield. 546 do do Plainfield. 
1940, 1941 do Cole's Brook, do 547 Whitish Quartz nearly opaque do Saddle 
1942 do Becket, S. E. Part. Mountai" 
1943 do do farther South. 548. do <lo from a vein in 
1944 do bowlder, Sherburne. hornblende slate, Gill. 

!~!~ ~~ near the ~a~r~~:J:' Ei\fo~i~r~: 5.J9 Guif~rd, ;~ntaining argillaceous slate, 

1947 do . near center, do 550 Fine white granular Quartz, Cumberland, 
1948 do Ra>l Road cut, do R. lsland. 
1949, 1950, 1951 C~mpact yellow Limestone, 551 Reddtsh granular do Berkshire County. 

dolom1t1c, Rail Road Cut, Natick. 552 do do Cheshire. 
1952 Compact white do dolomitic, Stoneham. 553 and 554 do Pittsfield 
1953 Variegated l\Iarble, E.quarry,Middlefield. 555 Dark Gray do Windsor: 

~:g:' g;; i:i:~:~~qu~Jaty~o Copake~N. Y. 556, 5~ua~~:, 558 Arenaceous dLsio~~:s~:~! 
1957 do La~esboro_ugh 559 Granular Quartz, striped, Conway. 
1969 do West Stockbndge. 560 Hyaline dark smoky Quartz, Amherst. 
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561 Smoky Quartz in arg111aceous slate, 609 Quartzose Conglomerai~(bowlder.)cement 
Guilford, Vt. micaslate, W10dsor. 

662 do light smoky, do Slerling. 610 do do Adams. . 
56~ Reddish compact Quartz) Leverelt. 6 11 Quartz with disseminatetl iron pyrites, 
564 do do Prescott. \'\7indsor. 
665 Bluish compact quartz, Amherst 612 do ferruginous, bowlder, \Vorthiogton. 
566 Greenish do Cumberland, R. I. 613 do passing into yellow jasper, Chesterfield. 
567 Porous Quartz {Bubrslone) Washington. 1989 Quartz, crystaline, Wendell. 
568 Arenaceou~ Quartz with actynolite, asso- 1990 do Veiu in Rail Road, Roxbury. 

ciated with gneiss, Pelham. 1991 do agatized, N~rlh Rochester. 
569 Gray fine granular quartz, Cumberland, R. I. 1992 do do Middleborough. 
570 do do Framingham. 1993 do Athol. 
571 Gray hyaline or coarsely granular quartz 1994 do Granby, E. part. 

with feldspar. Pelham. 1995 do granular, Uxbridge. 
572 Light gray gra11ular Quartz with small 1990 do arenaceous, Dalton~ 

scales of mica. Lee. 1997 do gray, Williamstown. 
573 do do stratified (Buhr- 1998 do arenaceous, Washington. 

stone locality) Pittsfield. 1999 do top Monument Mt. 
574 The same with more mica and contor- 2000 do Mt. east part or Williamstown. 

tell. folia, Lee. 200 1 do red, bowlders, Frankliu. 
575 Gray hyalinequartz with mka; associated 2002 do rhomboidal, Alum Hill, Sheffield. 

with gnP.iss, New Salem. 2003 do Bald Mt. N. Adams. 
576 Brecciated particolored quartz with mica, 2004 do Natick. 

Amherst. 2005 Quartz and Mica ( firestone ?) Douglass, 
577 Rhomboidal quartz with mica, Northfield. E. part. 
578, 579 and 580 Compact gray quartz with 2006 do and Hornblende, Warwick. 

mica, Bernardston. 2007 do do. rhomboidal, Leverett. 
581 Quartz and ta1c, Webster. 2008 do Firestone, Tyringham, N. part. 
582 ant.1583 do Hawley. 2009 do rhomboidal, New Marborough;, 
584 Quartz with Actynolite connt>cted \vilh Umpachena Falls. 

gneiss, Pelham 2010 do Firestone, "Washington. 
585 dowithcrystalsorhornblen<le, Hawley. 20 11 do slaty, Alum Hill, Sheffiekl. 
586 Argillaceous slate with quartz veins, S. 20 l2 do with veins of iron ore, Montague, 

Hadley Canal. mouthofMi1!er's River. 
587 Quartz granular and mica connocte<l with 2013 Quartz and mica, Palmer. 

gneiss, Windsor. 20 14 do do CQntorted, Zoar. 
588 do Webster. 20 15 do do Beartown Mt. near top. 
589 do associated wilb gneiss, Mendon. 2016 do do Saddle Mt. E. Ridge. 
590 do Webster. 2017 do do and feldspar near Hop Brook, 
591 doundertheBurhstone, Washington. Tyringham. 
592 do Dalton. 20 18 do do Bald Mt. N. Adams. 
593 Quartz mica ar.id feldspar passing into 20 19 do do R::iil Road Cut, Monson. 

gneiss, Bernardston. 2020 clo do Beartown Mountain. 
594 Quartz and mica, Framingham. 2021 do do Palmer. 
595 <lo Cumberland, R. Island. 2022 do do Millville, Mendon. 
596 do passing into mica slate, Zoar at 2023 do do are:naceous, Willia.mstown~ 

the Bridge. South of College. 
597 Arenaceous quartz and mica, Plainfield. 2024 do <lo South Mt. Northfield~ 
598 Quartz and mica, vesicular, Chesterfield. 2025 do <lo Rail Road Cut, Monson. 
599 do Conw:ly. 2026 do do Washi.ngton, W. part. 
600 Quartz mica and feldspar passing into 2027 do do and feldspar, Beartown Mt. top. 

gneiss, Mendon 2028 do do overlying metamorphic slate-, 
601 Quartz wH}\ argillaceous slate near the Bel}ingham, N. E. part . 

lime bed, Bernardston. 2029 do do and feldspar, Bearlown Mt. 
602 Brecciated Quartz, Leverett. 2030 do do conglomeritic, Washington, 
603 do Amherst . W. parl. 
604, 605 and 606 do cement hematitic iron, 2031 do do do do 

Dalton. 2032, 20331 2034, Quartzose Breccia, Washing-
607 do cement iron, Amherst ton, W part, a bowlder,cement hematito. 
608 <l? . quartz and micaceous slate, 2035 do containing schorl 1 E. foot of Mom.~-

W1lhamsburgh. ment Mt Great Barrington. 
2036 do with do Warwic~. 
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2037 Quartz with argentiferous galena, Ux- 659 Argillo-micaceousslate,controted, Guilford> 
bridge, S pa1 t. Vt. 

2038 do wilh carb of copptir, \.Vi\liamstown. 660 do Hancork. 
2039 do with chlorite, bow Ider, Middleborough (itil do with undulating surface, Bradford. 

S . part 6Ci2 do contorted, with layers of quartz, 
2040 Quartz Rock? decomposing, Williams- Guilford, Vt. 

town, S. of College. 663 <lo do Whately . 
.2041 Quartz and mica, Millvill~, Mendon. 61i4 do do Guilford, Vt, 
.2042 Jasper, rolled pebble, N. Adams. 665 do do Bernardston. 
2043 Quartz, compact, mouth of Miller's river. 06() Argillo-micaceous slate, contorted, with 

.Montague layers of quarrz, Williamstown. 
2044 do firestone, Pelham, W. part. 6()7 do Saddle Mountain, 
2045 do do with actynolite, do. 668 Arenaceous Mica Slate, Norwich. 

6fi9 do passing into gneiss, Bolton. 
()70 do mostly quartz, argentine locality, West 

.Mica Slate. Hampton. 
671 do Norwich. 

614 Mica Slate, common, quartz laminar, mica 672 do vesicular (see No. 598.) Chesterfield. 
scaly sbining, Colrain. fi73 do Chcst~r. 

615 do do do do Peru. H74 do Norwich. 
616 do do do do Blanford. 675 Arenaceous Mica Slate, Woonsocket Falle, 
617 do do do do Smithfield, R.I Cumberland, R. I. 
619 do do do do Shelburne. 076 do Chester. 
619 do do do do Florida. 677 do with feldspar, Enfield. 

~~~ ~~ ~~ ~~ ~~ ~~:~1ii~~~am. ~~~. 680 d~o whetstone slate, ~1~6~~.' 
622, 623 do ofa fibrous aspect, Northfield. 68L do do Norwich. 
624 do do do W. Stockbridge 682 do Sherburne. 
625 do very even and shining, Bolton 1 Ct. 683 do used for monuments, Halifax, Vt. 
626 do layers tortuous, quartz tuberculous, 684 do Greenfield. 

Stockbridge. 685 do jointed. Deerfield. 
627 do feldtpar and quartz tuberculous passing 686 do do 

to gneiss, Pittsfield. 687 Argillo-arenaceous Sia.Le, reddish, at the 
628 do with feldspar passing to gneiss, mica junction with the new red sandstone, 

shining, Colrain. Glen, Leyden. 
629 do do do Westfield. 688, 689, 690, do bent, do 
630 do do do Leverett. 691 Arenaceous Mic..a Slate, Worcester. 
631 do do do Montague. 692, 693 do anthracite locality, do 
632 do do do Granville. 694 do with a talcose aspect, do 
633 do do do do 695, 696, 697 do do 
634 do do do Florida. 69~ do with veins of granite, Lunenburg. 
635 do do do Ware. 699, 700 do mostly quartz, Groton. 
636 do do do Wachusett, Princeton. 701 Talco arenaceous slale, bow Ider, Worcester. 
637 do do do Enfield 702 Arenaceous Mica Slale, Dracut, 
638 to 641 1 See under Talcose Slate. 703 do passing into clay slate, Worcester. 
642 do amphibolic and garnetiferous, Norwich 704 do talcose, Lowell. 
643 do with phosphate of lime, Conway. 705 do Metbuen. 
644 do do Colrain. 706 do mostly quartz, Worcester. 

~:~ ~~ ~:~~~~fd~~e~~us, ChesteJ!eld. ~g~ ~~ with veins of quartz, ~~~;::1!~idge. 
647 do spangled, Goshen. 709 do S. Hampton, N. Hampshire. 
648 do do Plainfield. 710 do East Sudbury. 
649 do do jointed, do 711 do Webster. 
650 do do Norwich. 712 do Oxford. 
6~1 Arg_il!o-micaceous Slate, Goshen. 713 Plumbaginous Mica Slate, contorted, 
602 do JOrnted, Greenfield. Worcester. 
653 do rhomboidal, do 714 <lo Ward. 
654 do Charlemont. 715 do Amesbury. 
655 do Hawley. 716 Brecciated Mica Slate, do 
656 do Heath. 717 Anthracitous Mica Slate, Durllt>y. 
657 do Lanesborough. 718, i19 do anthracite locality

1 
Worcester. 

658 do glazed, with quarlz, Glt!n, Leyden. 720 Plumbaginous Mi~a Slate, Hawley. 
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721 Mica Sbte, common, South Hampton. i7J Micaceru> Oxide of Iron, Montague 
722 Mica t:Hate1 n1ica and quartz, iamrnar, 780 Arst'nical Iron, \Vorcesler. 

Nonhfidd, west of Cl. River. 781 CrysLalized A1senical Sulphuret of Jron, do. 
723 do do Ct.nway. iSIJ Massive, do do 
724 do conglomerated, passing into sienite, 783 Cu1bonate of Iron, do 

Whately. 784 do Sterling. 
725 Tnclurated mica slate, do 785 do with pyritous copper, do 
726, 727 Augite rock associated with mica slate, 7tl6 Galena and blende, do 

Williamsburg. 7e,7 Heddish sulphuret of Zinc, do 
728 Phosphate of Lime in micaslate 1 Norwich 788 Ruti!e, Conway. 
7:l9 Fluale of Lime, Westmoreland, N. H. SIS Firestone, Stafford, Ct. 
730 White milky quartz, Warwick 2046 1\l ica Slate passing into granite, Russell. 
731 Fetal hyaline quartz, Goshen 2047 do with white quartz, He::ith. 
732 Fetid quartz, crystalized, Williamsburg. 20-18 110 Enfield. 
733, 734 Rose red quartz, Blanford. 2049 do bl::i.ck, Fail Road Cut, Monson. 
735 do Chelmsford. 2050 <lo ch1eny Rail Hoad Cut, Auburn . 
736 Yellow Uyaline Quartz, Colerain. 2051 do Rail [load Cut, near C!appville, 
736 Blood rt>d 1 Colerain. Leicester. 
737 1 738, 739, 740 1 7-1 J, 742, 743, 744, Quartz- 2052 d'l .Sodom, Rail Road Cut, Wilbraham. 

ose breccia agates, Conway. 2053 do Monroe. 
745 do Amherst. 2054 do Rail Ro-ad Cut, Sodom, Wilbraham. 
746 Tabu1ar or foliated quartz, Conway. 2055 do Warwick. 
747 do with a pseudomorpbous aspect, do. 2056, 2057 do Russell. 
748 Yt'llow Quartz, Amherst. 2058 do rhomboidal, Palmer, Quarry near the 
749 Fibrolite in Mica Slate, Lancaster. Meeting House 
750 Kyanite with phosphate of lime, Chester· 2059 do Westminster, E. or center. 

field . 2060 do Er"iog. 
751, 752 do do 2061 do S. Mt. Northfield. 
753 dll Chester 2062 <lo 8odom Mount, Southwick, 
754 Staurotide in mica slate, Chesterfield. 2063 <lo inlt>r$lrntifif•d with limestone, lV. 
755, ~56 AnJalusite, cr.~sta.lize~, Westfonl. SLockbrid~e, E. part. 
757 Fibrous Talc? associated with andalusite,do 2064 do Lenox Mount, Lenox. 
758 Schor\ in quartz, Blanfor1l 2065 do passing into ~neiss, Granville. 
759, 760 Gurnets in mica slate, Chesterfield 201..iG do between gneiss and quartz rock, 
76 1 CrystalizcJ Epidotc in amphibolic mica Wa~hingt:.>n, W. part. 

slate, Goshen. 2067 do Norwich. 
76.'2 do do \Yi!linmsburgh. 2068 do above limestone, Shaker Village, 
763 Zoisile? with specuhir oxiJe of iron and Tyringham 

carbonate of lime, Goshen. 2069 do Erving. 
764 do Chf'sterfield. 20i0 do Warwick, east of centn. 
765 Idocrase1 epidote, calcareous spar, &c. 20i I do firestone, \Varwick, south of, do. 

Worcester 2072 do do Enfield, south of center. 
766 A11thophyllite in mica slate, Chesterfi~ld, 2073 clo do Warwick. 
767, 768 do Blanford. 2074 do do E of Mt'eting House. 
769 Cummingtonite, quartz, and garnets, 2fli5 do Lenox Mountain, Lenox. 

770 Warwickdo Cummington. ;~~~ ~~ ;~~i~~~~~~i~~:~1~:~c~~r:~r~~field. 
771 Black mica, Westfield S. 8 part, South l\Jt. 
7 72 do Norwich. 2078 do V{hetslone slate, \i\rendell. 
773 Fibrous Talc ? Blanford. 2079 do Saddle Mt. east ridge. 
774 Anthracite from mica slate, (coal mine), 2080 do do calcareous with iron pyrites, 

Worcester. Adams. 
775 P lumbnp;o i or anthracite passin.g into 2081 Talco·micaceous S!atc, Boston corner. 

Plllmbago, . Wo.rcester 2082 Mica Slate, Saddle Mt. WilliILmstown. 
1549 Amiantbus, from tho anthracite mine, do. 2!lf!3 do do N. \V. part, do. 
1550 Bucholzite? do. 2084 do W. Stockbridge. See No. 2063. 
776 Red oxide of iron from the Yein of manga· 2Lls!> Argillo·ruicaceous slate, Egremont, 

nese, Conway. W part. 
7i7 Pyrolusite, do. 2086 do with nati,-e alum, Conway, N. part 
7i8 do with siliceous sinter, Amlwrst. 2Cl87 Nati"·" alum from No. 2086,. 
1027 Ore of Manganese, Hinsdale. 20:::!8 Mica Slate, (firestone ?) Russell. 

104 
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2089 Mica Slate, top of Wachusett. 790 do near the steatite, MiddlC'fiel<l. 
2090 do Rutland, E. part. 791 Foliated light green do Rowe. 
2091 Talco·micaceous slate, Millville, Mendon 792 do .Middlefield. 
2092 Mica Slate, Leominst~r, W. part. 793 do Windsor. 
2093 Arg1llo-micaceous slate, Williamstown, 794 Green steatite or nearly compacttalc, Zoar. 

West of College 795 Sleatite with rhomb spar, do 
2094 Mica Slate and limestone, over the 796 do Windsor, N. W. part. 

marble, Lanesborough. 7Y7 do with bitter spar, do N. E. part. 
2095 do O\•er limestone, N. Ashford. 798 do with brown spar, Smithfield, R. I. 
2096 do over marble, do 7Y9 do Middlefield. 
2097 do Mt. Everett, Mt. Washin~ton. 800 clo bored for ag,ue<luct pipe, Grafton, Yt. 
2098 do do east slope, do 801 do very fine, Blanford. 
2099 do Sheffield, W. of village. 802 do Somers, Ct. 
2100 do Saddle ML Williamstown, colored by 803 do Groton. 

decomposing pyrites. 403 and 1548 do from Gneiss, \i\Torcester. 
2101 do above limeslone, Hudson Brook, 804 do with asbestus, New Salem. 

North Adams. 805 do passing into serpentine, do 
2102 Talco-micaceous, with hornblende and 806 Betwe~n steatite and chlorite from a 

iron pyrites, Monson. bow Ider, originally from\\"hitingbam,Vt. 
2103 do with pyrites, do Conway. 
2104 Mica Slate, Rail H.o:ld Cut, Monson. 807 Dark green scaly chlorite wilh feldspar, 
2109, 2110 do Franklin. Cummington. 
2111 do Spicket Falls, Methuen. 808 Finer grained, do Goshen. 
2112 Aug1uc Mica Slate, Heath 809 S\aty Cblorite, Smithfield, R. I. 
2113 do Sodom Mt Southwick. Bl 0 do with the steatite, Middlefield. 
2114 Mica, hornblende and feldspar, apparently 81 I Chlorite Sbte, Peru . 

.. ofigneousorigin,iu Mica 8Jate,Warwick. 812 do with rutile and feldspar, \Vindsor. 
2115 Porous Quartz, with oxide of iron in 813 Talco·chloritic Slate, Little Compton, R.I. 

Mica Slate, Richmond . 814 do Smithfield, IL I. 
2116 Mica Slate with garnets, south Mt. 815 do epidotic, Curnber!and, R. I. 

Northfield. 816 do do and passing into hornblende slate, 
21J7 do do do do Smithfield, R. I. 
2118 do with staurotide nnd garnets) .Auburn. 817 Talcose Slate, talc and quartz, Little 
2119 do ·with garnets, Rail Road, Middlefield. Compton, R. L 
2120 Garneriferous, do Rowe W. part. 819, 820 do do Hawley. 
2121 Mica slate, with slaurotide and garnets, 821 do greenish, soapstone quarry, Middlefield. 

south Mt. Northfield. 822 do Plainfield. 
2122 lron Pyrites, Saddle Mount, Adams. 824 do Florida. 
2123 Mag. Ox. hon, Warwick. 825 do Lenox. 
2124 do Orange,. bow\der. 826 Talcose Slate, talc, quartz, and mica, 
2125 Micaceous Ox. Iron, Montague. Hawley. 
2126, 2127 Kyanite? (fibrolite,) Palmer. 827 do Iron mine, Somerset, Vt. 
2128 Zoisite in Quartz, Heath. 828 do east side of serpentine, Chester. 
2129 do and hornblende, do. 829 do Barre. 
2130 Epidote and Garnet, Warwick. 830,831 do Rowe. 
2131, 2132 do and quartz, do 832 Talc and Limestone, Whitingham, Vt. 
2133 Garnet and Mag. Ox. Iron, do. 833 Talc, quartz, and Carbom1te of Iron, Hawley. 
2134 do do bowlder, Orange. 834 Quartz with Hydrate of lron, do 
2135 do and Quartz, Warwick. 835 Talc, Quartz, and Hornblende, do 
2136 schorl in quartz, Norlhfiehl. 836 do Charlemont. 
2137 Fibrolite in n:iica slate, Phillipston. 837,838, 839 do Hawley. 
2138, 2139, Mason~te, (Jackson,) Auburn. 840 Talc,quartz,and Feldspar,Smithfield,R. [. 
2140 do Warwick, R. Island. 841 do porphyritic, Hawley. 

842 Talcose Slate, with octahedral oxide of 
Talcose Slate. 

638 Talcose slate, Saddle mountain. 
639 do Florida. 
640 do \V. Stockbridge. 
641 do Saddle Mountain. 
789 Scaly greenish Talc, serpentine locality, 

Westfield. 

Iron, Hawley. 
843 do do Blanford. 
844 Micaceous Oxide of Iron, Hawley. 
845 Mag.Ox. Iron,Native Magnet,Sonierset,Vt. 
S4G do Cumberland R I. 
847 do porphyritic with crystals of feldspar, do 
848 Porous quartz with hydrate of Iron, gangue 

of gold, Somerset, Vt. 
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849, 850 Poros quartz, in talcosc slate, with 2180 Crystalized hornblende? in Ta1coseSlate, 
Hydrat~ of Iron, for comparison, Virginia. Chester, W. part. 

851 Pyrolus1te, Plainfit'!d 
852 l\.laganese Spar, Cummington . Serpentine. 
853 \\'bite bitter spar, Middlefield, Soapstone 

Quarry. 870 Compact ooble Serpentine, polished, Lime 
854 do with green folialed talc, do Quarry, Newbury. 
855 Salmon colored do do do 871 do with massive garnet, polished, do 
856 Miascite, Zoar. 872 do u·ith green amirianthus, do 
857 do do 87'.3 Common Serpentine, compact, Newbury. 
858 Asbestus, rlo 874 do do Chester, West part 
859 do Pelham. 875 do <lo polished, Middlefiel<l. 
860 do Blanford. 876 do slaty, Chester, West pnrt. 
861 do Shuteshury. 877 do with grains of chromite of 

86J Tr~~~~~=fi~[~~ablyfrom Soapstone Quarry, 
878 

iron. do Win<l:sor 1 ~." ~·. ~:~!: 
863 Fibrous Hornblende in Quartz, Plainfield 879 do in place, Blanford. 
864, 865 Fa~ciculite in talcose slate, do 830 do a bowl<lt:r, do 
86fi Crystalized Actynolite, in talc.:, Blandfo1d 881 Black <.ompact Serpentine, Newport, R. I. 
867 <lo Windsor 882 Variegated do do 
868 do from Soapstone Quarry, Blanford. 883 Darkgreencompact<loabowlder, Leverett. 
869 do radiated, do do 884 Dark gmy compact do Lime Quarry, 
2141, 2142 Steatite, Chester, W. part. Chelmsford. 
2143 do Rowe 885 Dark g1een do with veins of ami-
2144 do Petersham, W. part. anthus and De·weylite, Russell. 
2145, 2507 do Andover, E. part. 886, 887 Compact do with_ a talcoseglazing Zoar. 
2146 do bow Ider, Warren . 888, ~~9 Serpentine, steallte, and brown SJi<1r1 do 
2147 do Cheshire. 890 Black do and laJc, or talc passing into 
2506 do Fitchburu. serpentine, New Salem, 
2148 Talcose slate with hornblende and irc~n 891 do and do polished, Pelham. 

pyrites, Monson. f:!92 Dark greendow.ithdo do .Blanford. 
2149 do Saddle Mt. N. end, Adams 893 Black dow1thdoandactynolite, Westw 
2150 do Mt center of W. SLockbridge field. 
2151 do Top of Tom Ball, Alfor<l. 894 Light green comp::ict<lo polished Russell. 
2152 do Taconic, Alford 695 Black compact do with talc, schiller and 
2153 do do do with mag. ox. iron . calcareous spar, polished, Granville. 
2154 do .H.ichmond. 896, 897, 898 Serpentine and carbonate of lime, 
2155 <lo Saddle Mt. E ridge (Ophicafre grcnue Al. Brongn.) polish-
2156 do Hancock. ed, Westfield. 
2157 do do E. part B99 Serpentineandcarbonateoflime,\i\'eslfieJJ. 
2158 do Taconic Mt. Boston Corner. 900 Compact Feldspar, Lime Quarry, Newbury. 
2159 do Kent's quarry, N. Ashford. 901 Compact Scapolite? pi::rhaps petalite, 
2160 do with mag. ox. iron, do \Vestfield . 
2161 do Bashapish Falls, Mt. Washington. 902 Mammillary Chalcedony, Illanrord. 
2162 do Mt. Everett, top, do 903 Yellow Jasper, Middlefield. 
2163 do do do 904 Chalcedony ? do 
2164 do Taconic, W. of Williamstown 905 Drusy Quart2, do 
2165 do do do 906 Satin Spar, Lime Quarry, IS"ewbury. 
2166 do porphyritic, Mt. Everett 907 Trcmolite, do do 
2167 do in the hollow, Mt. Washington. 908 Mussite, Blanford. 
2168 do Hoosac Mt. W. part Adams. 909 Massive Garnet? Westfield. 
2169 do Taconic, Williamstown. 910 Aclynolite, do 
2170 Chlorite Slate with pyrites, Hawley. 911 do resembling asbestus, do 
2171 do W. Stockbridge. W. part 912 Chromite of lron, massi\•e, Blanford. 
2172 do Hanccck 913 do in Serpentine, do 
2173 Talcose Slate and Epidote, HanCock. 2181 Serpentine, Lynnfield. 
2174 do and chlorite, bowlder, Medfield. 2182 do polished, do 
2l75 do with hornblende, Monson. 2183 Carbonate of Magnesia on Serpentine, do 
2176 Chloritc and Quartz, Hancock. 2184 Diallage in Serpentine, Sodom Mt. 
2177 do Taconic, VVilliamstown Southwick. 
2178 Chlorih.; Slate, W. Stockbridge. 2185 Serpentine, Cheshire, S. of M. Hou!'e. 
2179 Mag. ox iron, Chester, W. part. 2186 do l>owlder, Russell. 
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2498, Chromite of Iron, Chester, W. part. 961 Hornblende, feldspar and mica, Dracut. 

2629 Serpentine, Rail Hur.id, Chester 962, 963 do with granite, Le\•erett. 

26:10 do dark colored do 964 Ilornblcnde and Epidote, Grauville. 

2631 do with Scluller Spar, do 964 1-2 do in contact with serpen· 

Hornblende Slate. 
tine, Blanford. 

665 do rhomboidal, Whately. 
966 Crystalized feld:;;pnrin hornblende slate, do 

Q14 Lamellar black Hornblende, hornblende !:167 Hornblende and Chlorite, do 
rock, Grannlle. 968 Actynulite Sinte-aclynolite quartz and 

015 do Belchertown. feldspar, Shutesbury. 
916 do with garnets, Norwich. 969 do Belchertown 
917 do Belchertown. 970 Hornblende Slate, with a layer of epidote 

918 Finer do hornblende slate, South Had- Pelham. 
ley Canal. 971 Crystals of Hornblende in hornblende 

919 Fibrous Jlorublende, do Enfield. slate, do 
920 Somewhat granular, do do Middlefield 2187 Hornblende, massive, Sturbridge near lo-

92l Fibrous hornblende, Leverett. cality of plumbago. 
922 do do Florida 2188 do do .Northfield W. of Ct. 

g23 Compact do Linc:oln river. 
g24 do do Smithfield, R. J 2189, 2190, 2191, 2192, 2193 do and feldspar, 

925 do do Marlborough Tolland. 
926 Fibrous do hornblende slate,Shelburne. 2194 do massive, bowlder, Dedham. 

927 do do Banksofl\lcrrimack R. 2195 Hornblende Rock, .Methuen W. part. 

928 do do Whately. 21961 2197, do with feldspar1 Brimfield. 

029 Hornblende and Feldspar, Sudbury. 2198 do porphyritic, Monson. 

930 do do hornblende slaLe, 2199 do .Methuen W part 
B~rnardston. 2200 Hornblende Slate, Orange, E. part. 

931 do do rhomboidal, Whately. 2201 do Wende!!. 
g32 do do hornblende slate, Wnre. 2202 do Mt Grace, 'Varwick. 

033 <lo do compact, Smithfield,R.I 2203 do with feldspar, 'Wilbraham. 

934 do do not slaty, Gill. 2204 do do Granville. 

935 Quartzandfeldspar,avein ingreenslonC' 1do 2205 do t!o \Varwick. 

936 1Y37,933 llornblendeand Feldspar, Whately 2206 do do Granby, S. E. part. 

939, 940 Hornblende and Feldspar, coarsely 2207 do do Dana. 
granular: hornblendeslate 1 \\'are. 2208 do do and mica, New Bed~ 

941 do chiefly hornblende, (hornblende ford. 
slate,) Mouth nf Miller's R 2209 

942 do feldspar ind::stmct layers, Dana . 2210 
043 Hornblt-oile, li't'ldspar, and .Mica, Plum- 221 l 

bago Mme. Sturbribgc. 2212 
944 do porphyritic, (smoothed,) Heath. 2513 

do epidotic, Ludlow. 
do with feldspar and mica, Palmer. 
do do Ludlow. 
do do Orange, S. village. 
do do South Mt. North· 

94.5 do do (bowlder,) S. Hadley Canal. field. 
046 do do do Amherst 2214 do do Wendell. 

947 do and compact feldspar, \Yhately 2215 do striped, Boxford. 
048 do and feldspar, the latter compact 2216 do epidotic, Holliston. 

and with a crystaline form, Easton. 2217 do chloritic, Northfield, W. of 
949 do do Canton. Ct. River. 
950 do do Plymouth 2218 Hornblende and feldspar, Concord. 

951 do do . . Whately. 2219 H~rn~lende talc and epidote-passing in-
952 do and Quartz, with a vem, Becket. to Slenite, Beverly. 
953 do do with a \•ein of J?;raphic 2220 do Rail Road Cut, Natick: 

granite, Williamsburg smoothed on one side by sliding. 

954 do do Shelburne Falls 2221 Hornblende with epidote and calc. spar 

655 do do with a vein ofqu::irtz, War- Lynnfield. 

656 
wic~~ d b bl d fib H 2222 do and chlorite, Wrentham, N. 

ley. 
0 

om en e rom:, aw- \ 2'>23p~~gregate of hornblende, quartz and 

957 do do and fel<lsti::ir, the horn- .,, feldspar, structure mechanical : Chester-
blt>nfo fosiculnr, Conway. fit'ld. 

~;~ Hurublc~:e, Fe~~t:~a~,u~~t~,~~~~,k~;~1herst. 1 2224 i~~~r~~~~~e~e: g~:!;;e, ~.l;~i:~~ and with 

660 do Slow. 
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2225 Zeolite on hornblende, Sodom, Wilbra- 1022 Schistose Gneiss with veins of chlorite, 
ham. Rail Road Cut. Bolton. 

972 Granitic Gneiss, Pelham. 1023 Laminar Gneiss. Windsor. 
973 do Templeton. 1024 do Webster, west part. 
974 do Brookfield. 1025 do Amherst. 
975 do New Braintree. 1026 do Grafton. 
976 do Pelham. 1027 See the No. followiog No. 778. 
977 do Paxton. 1028, 1029 Laminar Gneiss, Pelham. 
978 do Petersham. 1030 do Norfolk, Con. 
979 do granular, Monson. 1031 do feldspar,bornblendeslate. 
980 do Athol. interlaminated, Enfield. 
981 do Priaceton. 1032 do do Warwick. 
982 do Blanford. 1033 do Savoy. 
983 Sienitic Gneiss-Gneiss with Hornblende, 1034 <lo Windsor. 

Mendon. 1035 do Dalton. 
984 Granitic Gneiss? texture somewhat me- 1036 do Becket. 

chanical, Bolton. 1037 do with a vein of granite, 
985 do Worcester. Pelham. 
986 do do 1038, 1039 do Douglas. 
987 do chiefly flesh colored foldspar 1040 do becoming Porphyritic, 

and quartz, Sudbury. Ward. 
988 do slightly talcose, N. Brookfield. 1041 Porphyritic Gneiss, Pelham. 
989 do somewhat schistose, Rochester. 1042 do feldspar, flesh colored, Amherst. 
990 do do Oxford. 1043 do with epidote, (smoothed,) Pelham. 
991 do Sudbury. 1044 do coarse, New Braintree. 
992 do (smoothed,) Billerica. 1045, 1046 do do Ware. 
993 Schistose Gneiss, Dudley. 1047 do Methuen. 
994 do Purgatory, Sutton. 1048 do scarcely porphyritic, Paxton. 
995 do granular, Wilbraham. 1049 do Montague. 
996 do Mouth of Miller's River, Mon- 1050 do passing into schistose. To11and. 

tague. ~ Amphibolic Gneiss, con-~ 
997 do Buckland. 1051 tainingdisseminated Mass- Montague. 
998 do Shelburne Falls. e.s of hornblende. 
999 do Amherst. 1052 do Leverett. 
1000 do mica predominating, New Bedford . 1053 do Enfield. 
1001 do i1assing into mica slate, Worcester. 1054 do Pelham. 
1002 do do Paxton. 1055 Epidotic Gneiss. Amherst. 
1003 do do Hardwick. 1056 do Pelham. 
1004 do Pelham 1057 do Amherst. 
1005 do feldspar in tuberculous masses, l 058 do Grafton. 

Worcester. 1059 do Amherst. 
1006 Junction of granitic gneiss and mica 1062 to 1065 Augitic Gneiss, Lee. 

slate, do 1066, 1067 Anthropbyllilic Gneiss, Enfield. 
J007 Scbislose Gneiss, Westborough. 1068 Arena'.ceous Gneiss, Southbridge. 
JOOS do passing into mica slate, (bowl- 1069, )070 do Smithfield, R. ]. 

der,) Colerain. 107 1 Talcose Gneiss, do 
1009 do Windsor. 1072 Gneiss with a serpentine granite vein, 
1010 do feldspar gray, Little Compton, R. I. Enfield. 
1011 do Monson. 1073 Plumbago, the common variety, Stur-
1012 do chiefly feldspar, Oxford, East part. bridge. 
1013 do Florida. 1074 do apparently fibrous, do 
10 14 Schistose Gneiss, passing into mica slate 1075 do partially crystaline, do 

with pyrope, Western. 1076 Fuller's earth? In the Plumbago mine 
1015 do do Shrewsbury. do 
1016 do weslern base of Wachusett, 1077 Hydrate of Iron, (bog ore) in do do 

Princeton. 1078 do in Gneiss, North Brookfield. 
1017 do Grafton. 1079 Garnet and Sulphuret of Molybdenum in 
1018 do Charlton. . . gneiss do 
1019 do somewhnt porphyritic, Harvard. 1080 Native Alum and Sulphate of Iron on 
1020 do talcose? Framingham. gneiss, Leominster. 
I 021 do do ? Leverett. 1081 do do Barre. 

1082 Pyrope Garnet in gneiss, New Braintree. 
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1083 Pyrope with adularia, BrimfielJ. 2260 Gneiss augitic, Washington, N. W. part. 
1084 do in goeisS; passing into mica slate, 2261 do slaty, Blackstone village, Mendon. 

Norwich, Ct. 2262 do granitic, Dana. 
1085 Crystalized feldspar in gnciss,Boxborough. 2263 do slatv do. 
1086 Green Adularia, with mica (polished) 2264 do do Ashby. 

Southbridge. 2265 do do Rail Road, Auburn. 
1087, 1088 Adularia, Brimfield. 2366, 2267, 2268, do do do with 
1089, 1090 Schorl in quartz from gneiss, layers of mica slate. 

Pelham. 2269 do granitic with bQrnblende slate, 
1091 Cry8talized Sphene in augitic gneiss, Lee. Dartmouth. 
1092 Crystalized augite an<l scapolite? do 2270 do and hornblende slate, Dana. 
1093, 1094 Sulphuret of lrtln1 Hubbardston. 2271 1 2272 do slaty, Hadsell's quarry, New 
1095 Blue quartz and pyrites, do Marlborough. 
1096 Magnetic Oxide or Iron in gneiss, Grafton. 2273 do do Middle Granville. 
1097, !IJ~S, 11199 Crystalized and Drusy 2274 do do Royalston. 

Quaitz, Pelham. 2l75 do rhomboidal, Wales. 
1100 Radiated Quartz, Pelham. 2276 do slaty, Sturbriclge. 
1101 Amethystine, do do. 2277 do do Shaker Village, Tyringham. 
1102 Bluish Mammillary Chalceduny in gneiss, 2278 do do with an incrustration of 

Pelham. schorl ? Athol. 
1103 Breccia Agate, (polished,) Rochester. 22i9 do slaty, Royalston. 
1104 Gray Copper, perhaps from gneiss, 2280 do do Rail Road, Natick. 

Brimfield' 2281 do do do Washington-. 
1105 Actynolite in feldspar, Chelmsford. 2282 do do Sodom, Wilbraham. 
2226 Gneiss, granitic, Hubbardston. 2283 do do Beverly. 
2227 do do New Bedford, used in 2284 do granitic, the original of the bubrstone, 

2228 d~rchitect~~e. with garnets, Fairhaven. 2285 a':ash~og~~~~h garnets, Southbridge. 
2229 do do Quarry, Monson. 2286 do quarlzose, Wendell. 
2230 do do Rail Road, Middlefield. 2297 do do llrestone, do. 
2231 do do with epidote, Leverett. 22SS do do Bellingham. 
2232 do do West Medway. 2289 do augitic, do 
2233 do do with schorl, Wendell. 2290 do do Dracut. 
2234 do do ToHand. 2291 do do Rail Road Cut, Natick. 
2235 do Slaty, Middle Granville. 2292 do? epidotic, bow Ider, Carvt>r. 
2236 do do contorted, Sandisfield. 2293 do porphyritic <lo do 
2237 do Cheshire, 1 milesouthofl\I. llouse. 2294 do with pyrope and adularia, Morse's 
2238 do granitic, red feld~par, Palmer. Graphite quarry, Stockbridge. 
2239 do do Brimfield. 2295 do do Barre. 
2240 do porphyritic do. 2296, 2297 do do Brimfield. 
2241 do do with garnets, do. 2298 do with garnets, Granville. 
2242 do do l\Ionson. 2299 Foliated Graphite with feldspar ,Sturbridge. 
2243 do do Rutland. 2300 Crystalized hornblende and sea polite, 
2244 do slaty, Sandisfield. Tyringham. 
2245 do Purgatory, Gr. Barrington. 2301 do with sphene, do. 
2246 do with hornblende, Beartown Mt. 2302 do and quartz, do. 
2247 do do quarry, Palmer. 2303 do and foldspar, do. 
2248 do granitic, Brimfield. 2304, 2305 Hornblende and feldspar, deep cut 
2249 do slaty, Sherburne. . on R. ltoad, summit b.ead, Wuhington. 

~~~ ~~ ~er~~itt~c;S~~~1;o;;t~ ~::~~~~1t~_n. . ~~~~ ~0n~~o~~:/:!~e and garnet, Phllipsto~~rre. 
2252 do s.l~ty with pyrope and crystals ofm1ca, 2308 Augite and talc, Cheshire. 

Ervrng . 2309 do and epidote, Athol. 
22.'i3 do do . Sand>Sfield. 2310 Jolite in gneiss, Brimfield. 
2254 do do with talc? Montague. 23Il, 2312 Adularia, Brimfield. 
2255 do do do North Adams. 2313 Ru~ile on gneiss, Barre, W. part. 
2256 do do Clarksburg. 2314 Ep1dote & pnrp.finoupar on gneiss,Barre. 

~~~~ ~~ :.~~;,br:1i1~1~aJ~d~?Pcut, summfta11:V:~: ~~!~ ~~ha~~~ ~np~~~~~s, Shu~~~~;~: 
~259 d~VashrngJ~n. Fairhal'en. 2317, 2~~~e~:ystalized feldspar in. gneisp~~:er~ 
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2319 Prehnite on gneiss, Three Rivers. 1131 Greenstone passing into sienite,Blue Hills. 
2320 Zeoli Le? and feldspar on gneiss, do 1132 do Quincy. 
2321 Red Calcareous Spar on do do 1133 do from a vein in gneiss, Rutland. 
2322 do and feldspar, do 1134 do Nahant. 
2323 do on tortuous gneiss, do 1135 do from a vein in gneiss Northfield. 
2324 Allanite in gneiss, South Royalston . 1136 ColumnarGreenstoue,4 sided prism, Mt 
2325 do do Athol Holyoke. 
2326 Crystalized mica and chlorite in gneiss, 1137 do 5 sided prism, do 

Mention , near Blackstone village. 1138 do 3 sitled prism. do 
2327 Contorted hornblendic gneiss, H ardwick. 1139 Curved exfoliated mass from a column , do 
23281 2329 Mammillary Chalcedony, Tyring- 1140 Compact Greenstone, the ingredients in· 

ham. distinct, Nahant . 
2330 Sulphuret of Molybdenum, Pelham. 1141 do Blue Hills. 
2331, 2332 Unknown mineral in pebbles, 11 42 <lo a bowlder, Framing-ham. 

among the gneiss, A tho\. 1143 do from a vein io granite, Foxborough. 
2508 Amethyst in gneiss, :Franklin. 1144 Chiefly greenish compact feldspar, Salis· 
2509 Green Hnrnstone, Pelham, a bow Ider bury. 

from which Shays' men manufucLurtd 1145 do Rowley. 
their flints. 1146, 11471 1149,1 150 do Dedham. 

261•1 PyropC', Morse's Graphite Mine,Stur- l 148 lndurated Clay, Titan's Pier, S. Hadley. 
bridge. 1151 Common Greenstone with reddish carbon· 

2615 do two specimens cut and polished. ate of lime, Deerfield. 
Same locality. 1152 to 1 155 Hornblende, Augite? and Fcld-

26 16 Plumbago, in gneiss, Washington. spar, Nahant. 
2617 Greenish feldspar with ore of copper? 11 56 Porphy1itic Grcenstone, (smoothed) Cape 

Ra il H.o.1d 1 Russell. Ann. 
1157 do Easton. 
1 158 do (smoothed) Salem. 
11 5!) do 11nbf'dded crystals of Kannth10 

UNSTRATIFIED R OCKS. 

Greens tone. (smoothed) Jpswich. 
1160 do reddish , Turner's Falls 

1106 Common greenstonei hornblende and felcl- 11 6 1 do base reddish, Deerfield.. 
spar, SunJerlantl 11 62 Greenstone porphyritic and epidotic, with 

1 107 do do Deerfield iron pyrites, Topsfie ld. 
11 08 do do Mt. Holyoke l 163 do do base wacke-like, Turner's 
1 109 do do Turner's Falls. Falls. 
11 10 do do Mt. Tom 1164 do do do Deerfield. 
111 I do do in gneiss Pelham. 11 65 8laty Greestone, micaceous, Reading. 
111 2 do do cpidotic, Chelsea. l 166 Amygdaloidal Greenstone, nodules calca-
111 3 do approaching to sienite, Newburyport . reous1 Deerfield. 
1 11 4 do Lexington. 1 167 do nodules siliceous, S. BadlPy Canal. 
1115 do do do Holliston. 1 168 do nodules calcareous, Deerfield. 
111 6 do do do Concord 1169 clo do Turner's Falls. 
1117 See the No. fo llowing 1205. 1170 do cavities empty, toadstone, Gill. 
1 J1 8 Common Greens tone,epidotic,doWaltbam. 1171 do do do Mt. Holyoke. 
1119 do Nahant 1172 do nodules s iliceous, Titan's Pier. 
1120 vein iu clay .slate, Charlestow n. 1173 do nodules fol iated chlorite , T urner'a 
112 1 Coarse Greenstone passing into sienite, Falls. 

Chnl'l es town. 1174 do nodules earthy chlorite, \.Yest 
1122 Greenstone pass ing into sienil~. (a bowld- Springfield. 

er ,) West Springfield. 1175 do nodules cal~areous, R owley. 
1123 do do Holliston 1176 Concretions from Gr~enstone, Deerfie ld. 
I 124 do do Dover. 1177 do Mount Holyoke. 
11 25 clo do Stoughton,. 1178 Trap Tufa, or tufaceous greeoslone, 
1126 do do Easton South Hadley Canal. 
1127 do the f<'ldspar in bronze colored folia, 1179 do micaceons, Deerfield. 

West Springfield. 1180 do Titan's Pier. 
1128 do do Mt. Holyoke. 1181 do cement calcareous spar, Deerfield. 
1129 do the ingredients distinguished with 1182 do .IS"orthampton. 

difficult111 Hingham. 1183 do :Mount Tom. 
11 30 do \lo Newton. !184 do base reddish, Deeifield1 
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1185 Junction of Amygdaloid and sandstone. 2362 Greenstone porphyritic, Plymouth. 
Turner's Falls. ~363 do do bowlder, PP.mhroke. 

1186 Trap Tufa, West Springfield. 2364 do do Manon.et Hill, Plymouth. 
1187 Nodules of Prehnite in greenstone, Green- 2365 do do veins in sienite,No. 1,Fig.147, 

field. Cohassett. 
1188, 1189 Chalcedony in do Deerfield. 2366 do do No. I, Fig. 147, same place. 
1190 do do Greenfield. 2367 Trap, veins in sienite, Holliston. 
1191 Large Agate, of chalcedony carnelian and 2368 Radiated mineral in trap, bowlder, 

quartz, Deerfield. Newbury. 
t 192, 1193 Amethyst in greenstone, do 2369 Trap, amygdaloidal, l\It. Holyoke. 
1194 Black Augite do do 2370 Quartz in trap, Mt. Holyoke. 
1195 Prehnite,Augiteand Calcareous Spar, do 2371 Galena and copper pyrites in a vein in 
1196 Pseudomophous Quartz, with prchnite,do cbloritic trap, Canton. 
1197 Calcareous Spar,prelmile, &c. do 2510 A column of greenstone, Mt. Tom. 
1198, 1199 Chlorophreitei11trap,Turner'sFalls. 2590 Vegetable Remains in trap, a bowlder, 

1200 L~;eorl~!~~- and chabasie in greenstone, 2618 G~e:~=~:!'e;~:ir~~a~~·~v. Springfield, 

1201 do do Deerfield. W. part. 

gg~, 120~0 do a~~v~~tn~~i~e surfac!: s~ ;~~~' ;~1i0rs;y:.~~gdaloid, J~ 
1205 Radiated mineral, perhaps Lincolnite, on 2622, 2623 Tufa, do 

greenstone, Deerfield. 2624, 2625 Prebnite, on greenstone, do 
1117 Crystalized Smoky quartz, from Green- 2626 to 2628 Crystalized Cale. spar on do 

stone, . West Springfield. same place. 
2333 Greenstone from Gneiss, Monson 
2334 do do Montague. Porphyry. 
2335 do veins in sienite, Holliston. 
2336 do tufaceous do Dedham 1206 nud 1207 Compact Feldspar, Newbury. 
2337 do from Gneiss, Hubbardston. 1208 do with talc? Newbury. 
2338 do do Westminster. 1209 do with dendritic impressions, .Medford. 
2339 do do Belchertown. 1210 do with quartz, Natick. 
2340 Porphyry: Vein No. 2, Fig. J47, in 1211 do somewhat foliated, a vein 

Sienite, Cohassett in sienite, Whately. 
2341 Greenstone in sienite, Rail Road Cut, 1212 do somewhat brecciated, Dorchester. 

Needham. 1213 do do Blue Hills. 
2342 do from Gneiss, Philipston . 1214 do a vein in black serpentine, Newbury. 
2343 do chiefly feldspar, do do 1215 do Nahant. 
2344 do bowlder, Groton. 1216 do slightly porphyritic, Hingham. 
2345 do with ep1dote, Beverly. 1217 do Lynn. 
2346 do cblor1t1c, Rail Road, Natick. 1218 do somewhat foliated. Natick. 
2347 do vein No 3, Fig. 147, Cohassett; con- 1219 do lime quarry, Stoneham. 

taining an unknown bronze colored mineral. 1220 do variegated, Medford. 
2348 Wacke, from a vein in conglomerate, 1221 do passing into si liceous slate, Malden. 

Roxbury. Mr. D11dley's farm. 1222 do do with a minute quantity 
2349 Trap compact, same place. of gold? Blue Hills. 
2350 Quartz and wacke, same place. 1223 do red, passing into porphyry, do 
2351 Greenstone, acted upon at the surface by 1224 do do Hingham. 

weather. Pelham. 1225 do do Milton. 
2352 Greenstone, slaty, from a vein Fitz- 1226 do do Rowley. 

Willi•m, N. H. 1227 do do Ipswich. 
2353 Trap, vesicular, reddish, Sunderland. 1228 do do metamorphic, Kent's 
2354 do do black, Mt. Toby. Island, Newbury. 
2355 do do cavities cylindrical, do. 1229 and 1230 do variegated somewhat foli-
2356 do do with Zeolile, Deerfield. ated, Dedham. 
2357 Greenstone porphyritic, green porphyry, 1231 Porphyry approaching Sienite (polished) 

Nantasket Beach. Malden. 

~;~~ f;ap, porphyr~~c, Beverly shore. Saugus. 1232 do with traces of N:~~~k=t~~°:b~ 
2360 do from a dike, Bev_erly Bridge, Salem. 1233 do base purple, (polished) bowlder, 
2361 Greenstone, porphynt1c, bowlder, West Orleans. 

Bridgewater. 1234 do base black, (do) Nantasket Beach. 
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1235 Porphyry near to amygdaloid, Westboro' . 2380 Porphyry, West Newbury. 
1236 Between greenstone and porphyry, Jps- 238 1 <lo brecciated, Lynn. 

wlch. 2382 do red with a vein of greenish feldspar, 
1237 do porphyry and compact feldspar, Saugus. 

Millon. 2383 do Mauomet Hill, Plymouth. 
1238 Porphyry Blue Hills 2384 do brecciated, Dedham, W. part. 
1239 Porphyry dark gray, (polished) Blue 2385 do with epidote do do 

Hills. 2386 do with veins of compact feldspar, 
1240 do do {do) North of Boston. bowlder, Natick. 
1'241 do containing quartz nodules (polish- 2387 do Dedham, W. part. 

ed), Milton. 2388 do Sherburne, E. part. 
1242 do light gray, do ~o 2389, 2390 do Lynn, 
1243 do reddish, Nantasket Beach. 2391, 2392 do Manomet Hill, Plymouth. 
1244 do? perhaps Varioloid Wacke, Newton. 2393 do bowlder, Medfield~ 
1245 do containing quartz and feldspar crys- .2394 do brown, Marblehead Neck. 

tals, Milton. 
1246 do red and green, (smoothed) Malden. Si.mite. 
1247 do red with quartz and feldspar crystals, 

a bowlder, Newport, R. I. 1271 Feldspar and Hornblende, (smoothed) 
1248 do red, Malden. Newbury. 
1249 do do Lynn. 1272 do passing into porphyry do Nahant. 
1250 do red base, N anbsket Beach. 1273 do do Stoneham. 
1251 do do (polished) Blue Hills. 1274 do brecciated, do Foxborough. 
1252 do base red (do) North of Boston. 1275 do Concord. 
1253 do do (do) Nantasket Beach. 1276 do (smoothed) Dover. 
1254 do !l"reeoish do Malden. 1277 do do Reading. 
1255 do lively green, (do) Milton. 1278 do do Nahant. 
1256 do Needham. 1279 do Norfolk County. 
1257 do passing into sienite, Malden~ 1280 do Rowley. 
1258 do reddish brown, crystals of feldspar 1281 do Hangman's Island, Boston Harbor. 

and quartz, polished, B. Hills. 1282 do bornblende in distinct crystals, 
1259 do green, passing intosienite,(smoothed) (smoothed) Dedham. 

Malden. 1283 do do Randolph. 
1260 do base dark green, crystals feldspar and 1284 do Reading. 

quartz (do) Blue Hills. 1285 do Cumberland, R. I. 
1.'261 do variegated, feldspar and quartz crys- 1286 do epidote, Dedham. 

tals (do) do 1287 Feldspar, Quartz and Hornblende, Sali•-
1262 do base reddish, imbedded crystals bury. 

chiefly quartz (do) Quincy. 1288 do Manchester. 
1263 do do do (do) Milton. 1289 do Quincy Granite, Quincy. 
1264 Brecciated Porphyry, reddish, (polished) 1290 do do (smoothed) Quincy. 

Halfway Rock, Allan. Ocean. 1291 do (bowlder) Mansfield. 
1265 do (smoothed) Lyon. 1292 do Franklin. 
1266 do passing into graywacke, (smooth- 1293 do (smoothed) Danvers. 

ed) Malden. 1294, 1295 do do Squam, Gloucester. 
1267 do (polished) do 1296, 1297do do Sandy Bay, do 
1268 do do Naotasket Beach. 1298 do do Squam, do 
1269 do greenish, Malden. 1299 do do North Bridgewater. 
1270 do betraying a former slaty structure, 1300 Quiartz and Feldspar, do Manchester . 

Nanlasket Beach. 1301 do do Foxborough. 
2372 Dendritic Impressions on porphyry, Lynn, 1302 do do Easton. 

rail road. 1303 do feldspar mostly cOmp11ct, (smoothed) 
2373 do on Jasper, Saugus. West Cambridge. 

2374 H~l~is~!n.hornstone or compact feldspar, ~~gi ~~ ~: ~:ri~~~~-
2375 Vein of Compact Feldspar in se1pentine, 1306 do feldspar blood red, (smoothed ) • bowl-

Devil's Den, Newbury. der, Marshfield. 
2376 Compact Feldspar, red, Newbury. 1307 do and perhaps hornblende do Scituate. 
2377 do? gray, Dedham. 1308 do do Weston. 
2378 do greenish gray, Newbury. 1309 do Middleborough. 
2379 do withgreenstone, Natick. 1310 do Weston. 
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tall Quartz and Feldspar, Foxborough. 1355 Vein of graphic granite in sienite, Bel-
1312 do Danvers. cherlown. 
1313 Feldspar and quartz, the former compact, 1356 Vein of nearly compact feldspar in sieo-

Newbury. ite, Southborough. 
1314 do chloritic, the feldspar red and greenish, 1357 Irregular vein of granite insienile, North-

Saugus. ampton ? 
1315 do do the feldspar c.ompact, close to the 1358 Vein of compact greenstone in sienite, 

jasper, Saugus. . . . . Nahant. 
1316 Passing into porphyry, Newbury. 1359 Veins of feldspar >n s1en1te, Marblehead. 
1317 Jo Manchester. 1360 Vein of compact epidote iu sienite, Ab-
1318 do Malden. ington. 
1319 Feldspar, Hornblende, Quartz and mica, 13fil Vein of red feldspar in gienite, Whalely. 

Belchertown. 1362 Augite, hornblende and feldspar, Belcher-
1320 do (smoothed) do town. 
1321 do do Northampton. 1363 Augite aud feldspar, the latter ah»ost 
1322 Feldspar, Hornblende, Quartz and Mica, compact, Amherst. 

Williamsburgh. 1364 Sulphate of baryta, Hatfield. 
1323 do Whately. 1365 Purple fluate of Lime in sienite, Cum· 
1324 do the hornblende predominating, North- berla'ld, R. I. 

ampton. 1366, 1367, 1368 Drusy crystalized Quartz, 
1325 do with veins of epidote, Whately. Whately. 
1326 do do 1369 do with singular cavities, Jo 
1327 do chiefly feldspar, do 1370 Arsenicnl Iron in quartz from sienite, 
1328 do G:oucester. Newbury. 
1329 Chiefly feldspar and talc or chlorite with 1371 Galena and Blende in sulphate of baryta, 

veins of epidote, Salisbury. Hatfield. 
1330 Feldspar, hornblende ?and mica, (smooth- '2395 Coarse Sienite, A11dover. 

ed) Medford. 2396 do Beverly. 
1331 do coarse a bowlder, Charlestown. 2397 do bowlder, Newton .. 
1332 Feldspar, quartz, mica, and perhaps horn- 2398 Hornblende, foliated, Be\terly~ 

blende, Fall Ri,•er, Troy. 2399 Sienite, Bradford, E. part. 
1333 Chiefly feldsp~r and mica, Bradford. 24UU do Medford. 
1334 do with a little quartz and hornblende, 2401 do foliated greenish, Dl:'dham. 

Lincoln. 2402 do Cape Ann. 
1335 Feldspar, hornblende, and mica, Salem. 2403 do Manomet Hill, Plymouth. 
133G Feldspar hornblende and talc, Newbury. 2404 do with a met1llic substance, Sharon. 
1337 Feldspar quartz and mica, or talc, Frank- 2405 do feldspar compact, greenish, }'oxhoro'. 

1338, 1339, 1340 Granite, sienite and gre~:~ ~:~~ ~~ bowlder1 W:1~~::: 
stone from the same ledge, Stoughton. 2408 do S ... ituate. 

1341 Porphyritic sienite, (smoothed) Lexing~ 2409, 2410 do hornblende in crystals, MeJfield, 
ton. N . E. part. 

1342 do feldspar and quartz with epidote, 2411, 2412, 2413 do Kingston. 
(smoothed) Marblehead. 2414 do Wrentham S part. 

1343 do feldspar bronze colored, Gloucester. 2415 do Cohasset 
1344 do base green, compact feldspiu 1 crystals 2416 do Manomet Hill, Pl) mouth. 

flesh red foliated; also quartz and horn- 2417 do bowldt!r, Middleborough, E. port. 
blende, West Bridgwater. 2418 do Rail Roar! Cut, Nntick. 

1345, 1346 do like the last Abington. 2419 do Mannmet llill, Plymouth. 
1347 do Plymouth County, 2420 do bowlder. Rochester. 
1348 do feldspar, quartz, mica and hornblende, 2421 do in the village, Hingham. 

Essex. 2422 do ~rdfidd. 
1349 Porphyritic Sienile passing to porphyritic 2423 do Rail Road Cut, ~eedham. 

greenstone, the crystals nearly compact, 2424 <lo do Natick. 
Waltham. 2425, 2426 do Medfield, ,N . IC. part. 

1350 Conglomerated Sienite, Whately. 2427 do llfanomet Hill, Plrmouth, 
13:0.1 do do 2428 do bowlder, Hanover Four Corners 
1352 do do 2429 do Scituate. 
1353 do do 2430 do bowldrr, Pembroke. 
Ja54 Juoction of two varieties of sienite. ·243 1, 2432 rlo bowlder do 

West Bridgewater. ~433 do Ke\lt's Island,' Newbury. 
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2434 Sienitc, epidotic, Rail Road Cut, Natick. 1401 Granite, (gneiss?) Ashburnham. 
2435 do Dedbam. 1402 do of a mP.cbanical aspect, Granville. 
2436 do Sharon. 1403 do ingrecLients dark gray, Fall River. 
2437 do feldspar red, Dedham. 1404 do (gneiss;) Leominster. 
2438 do feldspar brown, Newbury. 1405 do Smithfield, R. I. 
2439 do feldspar red, Manomet Hilli Plymouth. 1406 do passing into sienite, rather fine, 
2440 8ienite, Sharon Bristol, R. I. 
2441 do bow Ider, Middleborough. 1407 do juoctiou of coarse and fine grained, 
2442 do porphyritic, Beverly Williamsburgb. 
2443 do Manomel Hill, Plymouth. 1408 do (gneiss?) Top of Wachuselt, Mt. 
2444 do Rail Road Cut, Natick 1409 Quartz and mica, coarse, \\restfield. 
2445 do do Needham. 1410, 1411 1 1412 Quartz, mica and feldspar, 
2446, 2447 do do Natick. fine grained, bow Ider, S. Hadley. 
2448 <lo with mica, Belcherlown. 1413 do feldspar red, (smoothed) Falmouth. 
2449to2453do do with veins of granite, 1414 do do do Rochester. 

bowlders, Palmer, W. part 1415 do do do Wareham. 
2454 do Ludlow. 1416 do reddish gray do Framingham. 
2455 Feldspar, Charlestown. 14171 1418 do mica black, fine grained, Cum· 
2456 Specular Oxide of Iron, Dedham. berland, K I. 
2457 Crystalized quartz in sienite, Granby, 11119 do perhaps sienite, do (smoothed) 

E. part. Medfield. 
24581 2459 Prehnite in Sienite, Charlestown. 1420 do ratber fine grained, Carver. 
24()0 do with calcareous spar, do 1421 Feldspar, quartz and mica, or Talc, 
2632 Dendrites ou Sienilei Dedham, from Dr. \Veston. 

Lyman B. Larkin. 1422 do do eastern part of the State. 
1423 Feldspa1·, Quartz, and Mica, bowlder1 

finP grained, Adams. 
1424 do feldspar purplish, Belcbertowu. 

1372 Feldspar, quartz and mica, common gran- 1425 do evidenlly recomposed, from a vein, 
ite,coarse, Ru::i:sell. Westfield. 

1373 do do Westhampton 1426 Feldspar, Quartz and Mica, fine grained, 
1374 do do S. Hampton, adit. quarried, Ashburnham. 
1375 do do Le\·erett 1427 do with small garnets, Acton. 
1376, 1377 do do Amherst. 1428 do fine grained, Whately. 
1378 do do Granville 1429 do do Ccnway. 

Granite. 

1379 <lo quartz blue, do Amherst J.j:Jl) do do Holliston. 
1380 do chiefly quartz and mi<'a, do Westford. 14:31 do chiefly quartz and feldspar, Dedham. 
1381 Feldspar, Quartz and Mica, cbiefly quartz 1432 do do Chester. 

and mica, Amherst. 1433 do feld~par mostly foliated, gray, but some 
1382 do do Mouth of Miller's river. of it compact and green:sh, quartz gray, 
1383 do do Framingham, approaching to granular, mica black 
1:384 do feldspar ilesb colored, Blanford. (s;noothed) Pilgrim Rock, Plymouth. 
1385 Feldspar Quartz and mica, common gran- 1434 do similar to the last, do 

ite, coarse feldspar red, Granville. 1435 Feldspar Quartz and Miea, fine grained, 
1386 do do do Amherst. Acton. 
1~87 do do do New Salrm. 1436 do chiefly quartz, Sudbury. 
1383 do do do Conoord. 1437 do passing into porphyry, Halifax. 
1399 do quartz yellow do Williamsburgh. 1438 Feldspar, Quartz;, and Talc? Duxbury. 
1390 do mica yellow do Chesterfield . 1439 Feldspar and quartz, perhaps s1en1tt--, 
l'.191 do do do Norwich. Newbury 
1392 do in bowlclers-.do easily decomposir~g, 1~140 Feldspar, Quartz, an<l Mica, apparently 

Florida. stratified, \'Vorces tcr. 
1393 do quartz dark gray inclining to purple, L44 l do passi-ng into mica slate,Norwich. 

Adnms. 144:} do. do Colerain. 
13!)4 do f0I?spar greenish and quartz purplish, 1443 do mica black, resembling sienile,smooth· 

Florida. ed, Dover. 
1395 llo mica green, coarse, Cummington. 1444 do fine grained, S Hampton Adit. 

~~~~ ~~ {e~d:~~1;1~fu~;h~ray, do do Le~~rett. !!!~ ~~ quarried, ~~ Tyug~~;~vt:~~: 

i~~~ 3~ ~·,~::~~r i~:~~J comp~c~, do ~~ath. ~::~ domic~0ne~;r;~,~~:1\'i:;1 (smoothed)g~~~~: 
1400 do. Qo. do Amherst. 144~ do fine grained bowlder1 Amhers\. 
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1450 Granite qu:mied, (smoothed) Concord. Pscudomorphous Quartz, form of fluate of lime, 
1451 do feldspar reddish, mica scarcely Westhampton. 

present, (smoothed) Walth~m 1503 Hornstone, Lead Min_e, Southampton. 
J.152 do very fine grained, decomposing 1504, 1505 Gray and greenish Spodumene, 

at the surface, (smoothed) Sharon. Goshen. 
1453 do quarried, (smoothed) (Chelms- 1506 do hght rose color, Goshen 

ford granite,) Westford. 1507 do gre~n and translucent, do 
1454 do do (do) Fitzwilliam, N . II. 1508 do wh_1te a~d pearll, Sterhng. 
1455 do do (do) porphyritic, Pel- 1509 Straw colored Mica, 1ourmalme locality. 

ham. N. H. Chesterfield. 
1456 do do (do) Fitchburg. 1510 do in distinct crystals, Goshen. 
1457 do do (do) Ashby. 1511 Rose colored Mica, do do 
1458 do do (do) Williamsburgh. 1512 Prismatic Mica, Russell. 
1459 Feldspar, Quartz, and talc, Dedham 1513 Variegated prismatic mica, do 
1460 Feldspar, Quartz, and mica, resembling 1514 Black mica, do 

sienite, Cumberland, R. ). 1515 Plumose Mica, WilJiamsburgh. 
1461 Feldspar, Quartz, and l\Iica and Talc, 1547 Schorl with terminations, in granite, 

coarse, bo\"lder, Amherst. Chelmsford. 
1462 Pseudomorphous granite, Williamsburgh. 1516, 1517 lndicolite, Goshen. 
1463 Porphyritic Granite, Chester. 1528 do light blue, do 
1464 Jo bowl<lcr, Shutesbury. 1529 do or green tourmaline, do 
1465 do very coarse, Harvard. 1520 Yellowish Green tourmaline, do 
1466 do fine grained feldspar, nearly com- 1521 lndicolite embraced in green tourmaline, 

pact, bowlder,(smoothed) Turner's Falls. Chesterfield . 
1467, 1468 do feldspar chiefly compact, in 1522 Green retl and blue tourmalines, do 

clay slate, Guilford, Vt. 1523 Green tourmaline in quartz, do 
1·169, 1470 Chiefly compact feldspar and quartz, 1514 do enclosing rubellite, do 

do Guilford, Vt. 1525 Phenacite? in granite, Goshen. 
1471, 1472 Graphic Granite, Willimsburgh. 1526 clo rose red, do 
H73 do Leon1inster. 1527 do with spo<lumene, do 
1474 do from a vein in quartz rock, 1528 do do 

Washington. 1529 Radiated mineral, probably stilbite, do 
1475 do Goshen. 1530 Fibrous Talc? Norwich. 
1476 do reclJish, bowlder, Amherst. 1531 do BlanforJ. 
1477, l4i8 do flesh red, from red sandstone, 1532 Common Feldspar, 'Yilliamsburgh. 

Deerfield. 1533 Blue do Leverett. 
1479 do Warwick. 1534 Greenish do Goshen. 
1480 do with garnets, Goshen. 1535 Albite(Cleadandite,)foliated, Chesterfield..' 
1481 JunclionofGraniteandMicaslate,Conway. 1536 do do New Salem~ 
1482 Vein of Granite in Mica Slate, do 1537 do <lo Goshen. 
1483 do do Williamsburgh. 1538 do coarsely granular, Chesterfield. 
1484 do in the Worcester County Mica 1539 do finely granular, Goshen· 

slate, Leominster. 1540 Galena in Quartz, Southampton. 
1-185 Granite at its junction with micaceous 1541 do with Blende, Whately. 

limestone, Conway. 1542 do with Carbonate of Lead, Southampton. 
1486 Granite with a nodule of mica slate, 1543 Blende in Quartz, Northampton. 

bow Ider, Deerfield. 1544 Pyritous Copper in Quartz, Southampton. 

1-187, l~~~l;,aminated and Tabular S°i;~~~~:~~ ~~:~ ~f:ndde~ ~e~~~ap0:~~g~~r~~~~~o~~lia!:_ 
1489 Crystalize<l calcareous spar, Lead Mine, burgh. 

Southampton. 1547 See the No. following No. 1515. 
1490 Argentine, Westhampton. 1548 See the No. followin~ No 803. 
1491 do showing its junction with granite, do 1549 See the No. following No. 774. 
1~192 do Lead .Mine, Southampton. 1550 See the No. preceding No. 775. 
1493, 149-1, 1-195, 1496 Crystalized Quartz of 2461 Granite with long prisms of Mica, Russell 

various colors, Lead .Mine, do 2462 do coarse, Northfield. 
1·197 Radiated crystalized quartz, Southampton. 2463 do South Mt. do 
149S Purple Quartz in granite, Florida. 2464 do coarse, Irving. 
1499 Crystalized ~moky Quartz, Goshen. 2465 do do S. Orange. 
1500 Mast<i\'e do Wi\liamsburgh. 2466 do feldspar, blue, Clappville, Leicester. 
1501 Pseudomorphus Quart?.1 form of calcure· 2467 do graphic, Granby, S. E . part. 

ous spa.r, Westhampton. 2468 do feldspar, yellowish, Brimfield. 
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2469 Granite Feldspar, blue, Hoosac Mt. 2506 See the No. following No. 2147. 
2470 do (gneiss?) Clarksburgh, N. W part. 2507 do do 2145. 
2471 do fine grained,lilac,ThreeRivers, Palmer. 2508 do do 2332. 
2472 do graphic, Sodom Mt. Southwick. 2509 do do 2332. 
2473 do with red stripes, bowlder,Watertown. 2510 Garnet in feldspar, beryl locality, Barre. 
2474 do at the Furnace, Kingston. 2511 Large crys~al of feldspar, Beryl locality, 
2475 do Duxbury. South Royalston. 
2476 do Groton, S. E. part. 2512 to 2527 See Nos. following 2705. 
2477 do red, Topsfield. 2528 to 2589 See Nos. following 1800 
2479 do vein in M. Slate Athol. 2590 See Second No. following No. 2371. 
2479 do coarse vein, Norwich . 2591 to 2613, SE'e No. following 1911. 
2480, 2481, 2482 Mica crystalizecl, beryl lo~ 2614, 2617, See third No. following 2332. 

cality S. Royalston. 2618 to 2628. See third No. following 2371. 
2483 <lo foliated, Rail Road, Warren. 2629 to263! See second No. following 2186. 
2484 Ore of Titanium, Norwich. 2632 See No. following No. 2460. 
2485 Blende in quartz,Norwich 2.AngelPs Mine. 2633 Beryls in quartz, South Royalston. 
2486 Drusy Quartz, do do 2634 do deep green in do do 
2487, 2488 Drusy Quartz in Galena vein, 2635, 2636 do single large crystals, do 

Russell, N. W. part. 2637,2639 do in the rock, do 
2489 to ~496 Cry~talized Quartz, Q. Angell's 2639 do tw? specime~s cut and polished do 

Mme, Norwich. 2640 do a smgle specimen color of the chrys-
2497 See No. following No. 1900. olite, cut and polished, do 
2498 do do 2180. ~641 Crichtonite, beryl, and crystalized mica in 
2499 do do 1844. granite, South Royalston. 
2500 do do 1768. 2642 Beryl in feldspar, Barre, W. part. 
2501 do do 1705. 2643 do yellowish, do 
2502 do do 1584. 2644, 2645, Large Crystals of Rutile in gran-
2503 do <lo 1921. ite, Barre, W. part. 
2504, 2505 do do 1559. 2646 See No. following 1988. 
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