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Department of the Imteriob,

WashingtoTit November 21, 1851.

Sm: For reasons stated by the Commissioner of the General Land Office,

in his letter of the 20th instant, which accompanies this, and with a \iew
to such action by you as he suggests, I herewith transmit the second and
final report of Messrs. Foster and Whitney, United States Greoldgists, on
the geology of the Lake Superior Land District in Michigan, accompanied
by sections and illustrations, and a general map, on which are defined the
range and extent ot the several systems of rocks.
"iii^vj , I am, sir, very respectfully, your obedient servant,

, ALEX. H. H. STUART, Secretary.

ASBUEY DlCKINS, EsCj., '

Secretary of the Senate ofthe United States. \''_
^^ , . ^]

.1' ,J>iu';i s
-f 't ..':.: ,-- ''- -^

' '' ''

" ,'j 1i. ..
General Land Office, JVowemRer 20, 1851.

Sir: I have the honor herewith to submit to you the second and final

report of Messrs. Foster and Whitney, United States Geologists, on the
*

geology of the Lake Superior Land District in Michigan, (the first part of

which was published last year,) accompanied with sections and illustrations,

and a general map, on which the range and extent of the several systems of

rocks are defined. This report was, ordered to be printed, by a resolution

of the Senate of the United States, at the last session, under the direction of
this office. The resolution, however, having omitted to make any specia)

appropriation K)r the work, or to indicate the number of copies to be

Erinted, it is suggested, in order to gain time, and with your approbation* to

ave the work contracted for by the Secretary of the Senate, in the usual

manner, and to the usual extent authorized by law, and await the pleasure

«f Congress as to the further extent of the publication.

In aU matters connected with the accuracy of executioi), this office will

exercise the discretion contemplated by the resolution.

I have the honor to be, very respectfully, your obedient servant, Hn^iH

*v.ri^Ltrm.4i.fe»fMi"ii.:j;::W.--itt!iw> ».>irtj' J. BUTTERFIELD, Committionvr*
Hon. A. It. H. Stuart, >*.v.«. .^.. , .,

Secretary of the Interior, «
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* Philadelphu, JWveffifter 12, 1851.

Sim : We transmit to you our second and final report on the geology of

the Lake Superior Land District, accompanied with sections and illustra-
^

tions, and a general map on >xrhich the ran^ and extent of the several

systems of rocks are denned. Our observations have been extended over

an area of little less than one hundred thousand square miles ; and, although

the whole of this area is not strictly within the limits of the district, yet a
description of it is deemed necessary to its complete elucidation.

' Nearly the whole of this area is an unbroken wilderness, interspersed

with tangled thickets, almost in^passable marshes and inland lakes, which
retard the proapress of the axplorer; and, even along the mountain ranges

where the rocks approach the surface, their presence is often concealed oy
a thick covering of moss. It is only on the precipitous cliffs, or along the

beds of streams, that their true characters are revealed. Even in a densely

populated district, every road that is constructed, every shaft that is sunk,

and every quarry Uiat is opened, reveals some interesting fact in geology ; and

it is by an attentive observance of these artificial excavations, rather than

of the accidents of the soil, that the geolc^st is enabled to draw correct

conclusions. In the prosecution of our labors, we have been enabled to

t^vail ourselves of few of these extraneous aids. Passing we^ks in suo^

cession in the midst of the forest, with no trace of the works of man around

lis, Except the surveyors' lines, we have encountered difficulties unknown
and unappreciated by geologists in a more civilized and less inhospitablQ

resion. Under these circumstances, it would not be surprising, if, hereafter*

when the country becomes more thoroughly opened, and the means of com-
munication more direct, it were found necessary to alter, in some respects^

the bouadaries of the several systems of rocks. Each year will develop

new facts and fresh materials for illustration.

There is another circumstance to which we deem it proper in this* con-

nection to allude. It was the desire of the department to be placed in

possession of the results of these explorations at the earliest period practica-

ble. We were instructed td press forward the work with all due diligence

. to completion. We have been in charge of the survey a little more than
*two years. During the first year, we prepared a report on the " Geology
of the Copper Region," in which we endeavored to define the boundaries

of the cupriferous belts, and exhibit the principal phenomena of veins. We
now transmit the concluding portion of the work, embracing in the main
the results of our explorations during the second year.

It. will be seen that there are, in thb region, two great metalliferous

. belts, distinct in age and in the character of the products ; to wit, cofpek
aad iROBr.

There is already a large interest invested in the copper mines, and their

products are to be found in the principal markets of the United States. It

IS believed that the sypply from tliis source will soon meet the national

CMsumption.
'

The Iron Region will ultimately prove of equal value. From the details

incorporated in this report, it will be seen that the specular and magnetic

ores are here developed on a scale of magnitude, and in a state of purity,

ahnost unprecedoited.

While otu main object has been to trace out the boundaries and d^ter-

nine the quality of these economic materials^ we have idso endcavoied to
,r^'jai;ty ijfti Ki v-i",wr:,:£$t

u



INTKODVCTION.

Euad illustrtp

incorporate the scientific results of our explorations, such as the relative

ages of the different groups of rocks, the character of the fossils entombed

in a portion of them, and the conditions of the ocean in which they wer«
deposited.

In the prosecution of this work, we have been aided by Messrs. James
Hall, of New York, E. Desor, of Massachusetts, and Charles Whittlesey,

of Ohio, whose contributions will be found incorporated in the pages of

this report.

In tne exploration of a portion of this region, we were also aided by
Mr. S. W. Hill, of Michigan. Mr. John Burt, for many years a surveyor

in this region, kindly placed his notes at our disposal.

In concluding this letter, allow us to express our thanks to you person-

ally for the disposition manifested, in the progress of the survey, to &ciU-
*tate our labors, and enable us to carrj; them to completion.

^
We are, sir, with great respect,

, .. ,* .*<

Your obedient servants, '
'^ - ^

J. W. FOSTER,
J.D.WHITNEY,

v. 8. Geologistsfor the Lake Superior District,
ird/t j,+-^,.'V,-

Jlon. JusTor Buttekfield,
Commissioner of the General Land Ojjjice. ^'£'f
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CHAPTER I.

CLAMmCATION Ain> NOMENCLATURE OF THE K0CK8.

TaboiMr tmmgement of tbe diffbient formations, 2. Terms defined, 2. Belatlona of

tbe Igneous and aqneous formations, 2. The Atoio system, 8. The Silarian sys-

tem, 8. Gonftision in nomenclature, 4. Ssmonomy of the groups in diilbrent

. Ngions, 6> Explanation of tbe general map and section, 6-7 1 1-7

Tjdio •»«> '/ivKjnfi'j-/^ .{•;:. V
CHAPTER II.

^^i,., ,,r.,') m .mj .^.m i-

li 0!
THE AZOIC SYSTEM.

ivi-if .
'^- ••

Yarlooa cryltalline schists forming the primeval cmst of the earth, 8. Contortions to

which they have been subjected, 8. Presence of igneous rocks, 8. Condition of

the earth at the time of their formation, 8-9. Effects of metamorphism, 9-10.

This system characterized by an entire absence of organic remahis, 10. Supposed

causes of their absence, 10-11. Geographical distribution of these roclss on the

northern coast of Lalce Superior, 11-14. Divided into two groups, 11 . Associated

Igneons rocks, 12-18. Metallic contents, 13. Their relation to Uie Silurian

(trata, 14. Their distribution on tho southern shore, 14-19. External cha-

racters, 14. Igneous products, 16-17. Lines of lamination in slates, 20. Prev-

alence of iron, 21-28. Difficulty of estimating the thickness of this group, 81.

Contortions of the strata, 81. Remarks on the existeuea of this system in other

parts of the world, 88-86 8-^

t >,-.
i,»

.. —

li.
CHAPTER III.

GRANITE ROCKS OF THE AZOIC PERIOD.

Granite, 86. Its composition, 86. Mode of formation, 86. Character of the scenery

where it prevails, 86. Peculiarities of structure, 86-87. Range and extent on the

: northern shore, 87-88. Its external characters, 87. Range and extent on the

•onthcm shore, 38-48. Greenstone dykes, 88-89. Section between Lake Supe-

rior and the mouth of the Escanaba river, 41-45. Section Arom Keweenaw bay to

the mouth of the Menomonee, 46-48. Character of the granite in the western
.;

portion of the district, 47. Age of the granites in this region, 48. Mineralogical

composition, 48. Econ<Hnic value, 48-49. Trappean rocks, 49. Intensity of

SgDeoufl action during this epoch, 49 86-49
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CONTEVTS.

CHAPTER IV.

THE I&ON OKEi AND ASSOCIATED ROCKS.

Beforenco to the genor«l map ftnd aecUon, u to tho extent of the iron-bctrlag

rocka, 60-51. Hap of tho iron-region, 50. Genond diatribution of the looalitlea of

iron, 51-52. Dcacription of particular doposita, 52-57. Tho iron caacade, 62.

Jackaon compan/a location, 54. Tho Clovoland location, 66. The iron beda of

tlio Machi-gAmig, 50. Near the Menomonee riror, 67. Occurrence of the orea

of iron in other diatricta, 68-65. In Scandinavia, 58-59. On the laland of

Elba, 59-60. In the Ural mountaina, 60-61. In Miaaouri, 61-68. In northern

New York, 68-64. In Maaaachuaetts and Canada East, 64-66. Theoretical

conaidcratlona, 66-68. Resume, 60 60-49

^^C<<r\
*
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CHAPTER V. .

T

>" »« .a £CONOSnC GEOLOGY OF THE AZOIC SERIES. "^

Chemical examination of tho iron ores, 70-77. Method of analysis adopted, 70-71.

Oooorrenco of foreign impuritiea in moat ores, and their effect on the quality of tho

iron, 71. Methoda adopted to detect these impurities, 71-72. Their absence in

tho Lake Superior ores, 77. Analyses of ores from various localities in this

diatrict, 78-77. Remarka on the results, 77. Metallurgy of the iron ores, 77-81.

The Catalan forge, 78-79. Tho method ofworking these ores, 70-80. The tenacity

of the iron, 80. Cost of production of a ton of iron, 81. Occurrence of other

ores, 81-82. Other economic materials, 82~(i4 70-84

CHAPTER VI. , „ " .,

I ' ^ COMPOSITION OF THE TRAPPEAN ROCKS. ""^ \-''' ••^'-'^^''

' -_,.'' 1 r'.-i r. r.Al

The terms trap and trappean rock generic, 85. Varieties of rock which have boon

included under that name, 86. Their mineralogical compoaition, 86. Importance

of these rocks in our district, 86. Trappean rocks associated with the Potsdam

sandstone, 86. Analysis, 86-91. Probable analogy with Dolerite and Anameaite,

90. Occurrence of them in beds, 01. Trappean rocks of the Azoic system, 91-94.

Analysis, 92-98. General remarks, 94 86-94

: ; "i.i , -:

CHAPTER VII.

MINERALOGY.' "
'

Alphabetical list of minerals occuiTing in the Lake Superior district, with analyses

and remarks 96-109

CHAPTER VIII.
,

LOWER SILURIAN SYSTEM.—POTSDAM AND CALCIFEROUS SANDSTOMX.

General characters of the members of this system, 110-118. First traces of organic

life. 111. Ancient Ihnits of the oceanic basin. 111. General remarks on the

identity of the groups, 111-118. Potsdam sandstone, 118-184. Organic remains,

129-188. Range and extent, 118. Lithological changes, 114. Attempts to

idoQtify it with the New-red, 114. Its development on the northern shore of Lake

.

Superior, 116-117. Evidences of volcanic action daring this epoch, 116-116. Its
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^T«lopRMBt on Iile Ro]r»lo, in connexion with Tolcanie prodneta, 116. Fionl%]>q|

,

116. Monumont rocks, 117. lU doTclopmcnt on Ura aouiiieni abore, 117-16U >?.

KflWMnaw Point and tbe OotonAgon region, 117--118. Examplei of dlagonil>!{

trttifloAtion, 118. Its cliaractcr ud relatioiu to tho proiizltting roclu «t Oranita Ui

Point, 119. Carp riror, 128. PretquMsle, 121. Fismrei, 120. Oraad iaUuiif.oa ^

124. The Pictured Rocka, 124-129. Minor's Castlo, 120. T)ie Amphitheatre,

126. Sail Rock, 128. Tho Grand Portal, 128. The Chapel, 129. Exawles of

diagonal stratiflcation, 180. Tho Grand Sable, 181. The extension of tl#Mnd-

stone eastward to tbe north shore of Lake Huron, and westward to the Menomonee,

181-184. Occurronco of Trilobitos, 183. Its doTclopment in Wisconsin, 1B8«
,^i

Sandstone of the Mississippi and St. Croix rivers identical with the Potsdam ^.-f
New York, 188. Repetition of tho causes which prodnced it, during the deposi-

tion of the CalciferouB, 134. Calciforous sandstone, 184-186. Range, extent, and

juineral characters, 185. Tlio want of horizontallty in tho dotrital deposits not

necessarily evidence of dluturbance, 186. Review of the various opinions as to tho

age of this sandstone, 137-189 110-189

CHAPTER IX. >. ')
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.HSlliria G'O
X-OWEB, SILURIAK SYSTEM

—

CONTIKOKD. > >i)^Hi^»^

BY JAmS HALL. • '•'*'-*,
-:.i*l

Chasy, Birds-eye, Black river, and Trenton limestones, 140-148. Their intimate

association in this district, 140. Their range and extent, 140-145. Organic

remains, 142-146. On the St. Mary's river, 140. On the Esoanaba, 141-144.

On Rapid and Whitoflsh rivers, 144-146. At Little Bay des Noqucts, 144.

Along Ford and Cedar rivers, and the shores of Green Bay, 146. In Wisconrin,

146-147. Along the Fox river, and tho shores of Lake Winnebago, 146-146. At
FlattsviDe, 146. At Galena, 146-147. The Galena, or lead-bearing limostone, a

distinct member of the lower Silurian series, not recognised in Now York, 147.

' Kot a portion of tho Cliff limestone, 147. Hudson river group, 148-161. Its

development on Drummond's island, 148. At Pointo aux Bales, 149. Organic

remains, 149-160. Its identity with tho Blue limestone and marls of Ohio and

Indiana. 149. Lithological characters, 160. This group the true termination of

ihe lower SQurian series, 161 140-UI

CHAPTER X.

NDSTOMX.

UPPER SILURIAN AND DETONIAN SERIES.

BT JAWE8 HAU. ' " ' '

A'r.!.,

Glinton group, 162-166. Its development on Drummond's island, 168. On Big Bay

des Noquets, 168-164. On the eastern shore of Green Bay, 168-164. Fucoidai

markings, 164. Tracks and trails of animals, 166. Its prolongation into Wisconsta,

166-166. At Hartford, 166. Conditions of the ocean at this period, 166.

Niagara group, 166-161. Range of some of the fossils, 167. Its development oa

Drummond's island, 167. Fossil contents, 167-160. Character at Point Patterson

and Pohite Detour, 168. Summer islands, 168. Penuumla of Green Bay, 168-169.

Lithological characters, 169-160. Section at Big Bay des Noquets, 169. Ancient

«oral reefii, 169. Probable condition of their growth, 169. Thickness of the

Niagara and Clinton groups, 160. Onondaga salt group, 161-168. Its extonal

«lwii6teiB, 161. Bai^ in this district, 161-162. Organic remiuns, 162. Miaaiag
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frovpt which occur in New Tork, 162. Evidenoea of ancient denudation, 168.

Source of variona economic materials, 168. Devonian system, 168-166. Upper

Helderberg aeriea, 168-166. Mackinac limestone, 164-166. Groa Cap, 164. '

Island of Mackinac, 164-166. Arched Rock, 164. Sugar Loaf, 166. Foasil

contents, 166 162-lM

CHAPTER XI. -^^

-Ak'J^
MISCELLANEOUS OBSERVATIONS ON THE PALJEOZOIC SERIES.

Extension of this series into Wisconsin, 167-176. Section by Mr. Lapham, 167-171.

Mr. Hall's remarks, 171-172. Section by Mr. Whittlesey, 178-176. On the

origin of the basins of Lake Michigan and Lake Huron, 176-177. Mr. Hall's

remarks, 177. Mr. Whittlesey's observations on the thickness, bearing, and incU*

nation of these groups, 177-188. Evidences of denudation and subsidence during

the deposition of those groups, 188-185. Effects of oscillations on animal life,

'" 186-189 167-189^

f ' CHAPTER Xn.

CHEMISTRY AND ECONOMIC GEOLOGY OF THE PALA:0Z0IC SERIES.

Prospects of the mining interest in the Copper Region, 1 90. Sandstones and conglom-

erates, 190. Their chemical and mineralogical composition, 190-191. Their eco-

nomical application, 191. Chemical examination of the limestones, 191-197.

Method of analysis, 191-102. Lower Silurian limestones, 192-194. Remarks on

the composition of the lower Silurian limestones, 194-196. Upper Silurian

limestones, 195-197. Mai-ble of the Azoic series, 197. General remarks on the

analyses, 197. Theory of dolomitization, 197-199. Occurrence of soda, clilorine,

and sulphuric acid, 199. Probable origin of these substances, 199. Economic ap-

plication of the limestones, 199-200. For calcinition, 200. Building materials,

200. Occurrence of metallic ores in the limestones, 201 . Gjrpsum, 201-202 .... 190-202

CHAPTER XIII. -
I,;,

.

DESCRIPTION OP NEW AND RARE SPECIES OF FOSSILS FROM THE PALJEOZOIC

SERIES.

Br JAMES 11AM..

Marjne fossils from the Potsdam and GalciferouH sandstones, 203-200. From the

Chazy, Birds-eye, and Black river Ihnestonca, and the Hudson-river group,

206-215. From the Clinton group, 215-220. From the Niagara group, 220-228.

From the Upper Helderberg series, 228-225. List of organic remains, 226-228.

General remarks, 229-231 .' 20S-281

CHAPTER XIV. ;,'

;« ON THE SUPERFICIAL DEPOSITS OF THIS DISTRICT,

BT S. DESOB. ,.'.,

Dhrision into drift, terraces, and alluvial deposits, 282. Drift phenomenA of the

sorUiem coast of Lake Michigan, and western coast of Green Bay, 282-284. Of

the Menomonee, 234-288. Of the valley of the Manistee, 288-242. Of the



**?v-
OOMTJCtm.

WUto Fiata, 242. Ofthe Eaeanabt, 242-248. Olactal fbrrowi and itrbe, 248-245.

Boeka broken by drift agencies, 246. Origin of the limestone pebbles in tlte drift

OfLake Superior, 246-247 282-247

1:1

CHAPTER XV.

SUPERFICIAL DEPOSITS—CONTINUED

.

. i , ,
-

i

:

',

'•'' '•
:

" BT E. DESOB. ^- --•• -
^' i- '•''>

Terraces of Mackinac, 248. Their composition, 248-249. Their similarity with : rj

thow of the Baltic, 252. Terraces ofthe adjacent coasts and islands, 258. Tb^ wh

wlative age, 268. Lacustrine in their origin, 254. Denudation of the drift, 264.

The period of its denudaUon, 254-255 248-26fr

C. .. --t
.<..._....V*^;^

t

CHAPTER XVI.

; SEBIE8.

» SUPERFICIAL DEPOSITS CONTINUED.

BT E. DEBOB.

fi; 7 -...W.^ylM

AOuTial deposits, 266. Sand beaches, 266. Pebble beaches, 2r<a. Alluvial marshes,

267. Subaqueous ridges, 268. Hooks and spits, 258. River-belts, 260. Bars,

260. Origin ofhooks and belts, 261. Dunes, 263. Their origin, 266. Dune-like -^-^^

ridges, 267. Ancient beaches and terraces, 268. Boulders at Saut Ste. Marie, ' t

269. Ancient and present beaches of Lake Michigan, 271 256-378^

: FALiEOZOIC

CHAPTER XVII. I

' ON THE ELEVATION OP MOUNTAIN CHAINS. . "

Importance of the study of the stnictnro of mountain chains, 274. Object of thi» v.'

chapter, 274. Structure ofmountains, 275. Contraction ofthe earth a ftmdamental

cause of the elevation of mountains, 276. Parallelism of the systems of elevation

cf the same geological ago, 276. Investigations of Elie do Beaumont, 277.

Systems of elevation in North America, 277. Systems of elevation in Europe,

279. Comparison of the direction of the European systems with those of

America, 281 274-284

CHAPTER XVIII.

PARALLELISM OF THE PALEOZOIC DEPOSITS OF EUROPE AND AMERICA.

BT JTAHES HALL.

Flekl of investigation in this country a very extended one, 286. Circumstances

affecting the nature of the Fauna of the same deposits at various points, 286t

Parallelism of the palaeozoic groups in England and the United States, 298.

Lower Silurian groups, 296. Potsdam and Calciferous sandstone, 296. Chazy,

Birds-eye, and Black-river limestones, 295. Trenton limestone, Utica slate, and

Hudson-river group, 295. Upper Silurian system, 299. Clinton and Niagara

groups, 299. Lower Ileldefberg series, 801. Upper Helderberg, 801. Devonian

i)yBt«m, 802. Species common to the Devonian and Carboniferous, 811.

Tabular comparisons, 818 286-818



Mi OUMTIlfTIt

..!i} ". vw ...;•»• N.I. »."'v CHAPTER XIX.
"*""'^ "

''
*'"'' *^'^ ''^'*''' ''"''*'*

'^'
*OiV *rilB OMKRVCD PLUCTUATIOIfS OP THE HURFACfiS OP THE LAKER.

Sr OUARbM WHim.RHKY.

Indoflnlto oh*riU!i«r of thn onrly nhMorvAttotiN, 810. HoiircoN of Inibrmntlon, 820.

HuppnMiMl ixtrludioal rlitn In tlin WAtorn orroncoun, 820, DtfllciiUy In roducing tho

olMnrvntlima to a nomniHii Rtnmlnrd, 821. Annual rUo, 821. DIflVront r,oroa of

ml^ronco, 821. DoproMHlon of 170(1, 821. KIho of !802, 821. High wntor of

1H15, 822. Low wntor of 1818, 1H10, nnd 1820, 828. TnblnN Hhowing tho vartons

Ugoa At Clovoland, 825. At Datrolt, 825. At Black Kock And Duffhlo, 827.

Kffbota of winda In raUIng and doproHiiIng tho MurfUcon oi tho lakoa, 887.

Mo Obmrvod tidal movomont, 887. Transcripts of ralu-gaugcs at varlouM

•tAUon8,387.. ^ ,..810-889

CHAPTER XX.

ICAONBVIC VARIATIONA—COMPARIRON OP TERRESTRIAL AND ASTRONOMICAL

MEASUREMENTS.
•

f,'
• H ' '

'\'': I-
''' V '"'

' ' nX CIIARLEM WlllTTIiKSKY.

Ctonsral rAtnarkii on tho diitioii of thu linear aiirvoyoro, 840. Kxlont of the public

lAnda Hunroyod, 841. Tho Solar conipoiui, 841. Explunation of Uto mothod

•doptod in tlio liuoitr snrvoya, 841. (Jonvorgoncu of moridlano, 842. Magnotlo

TArlatlona In Michigan, 842. In WUcouHln, 847. UouiarkN on tho variation in

Michigan, 851. OompariMon of aatrunoinlcal and torrcHtrial nivA8uroniont«, 851.

Errora to which tho linear ttnrvoys art> Itahlo, 852. How coniponsatod, 852,

Meridian and bami llnoti, 852. Their geographical poHltion, 852. Corruction

lines, 854. Tartioular contpariMunH of nieaMiireiiients, 854. Convergunco oi range

liiMs, 865 840-858

CHAPTER XXI.

BOTANY.

ny W. I). WUITNKY.

Remarks on the Flora of this n>gion, 860. l'rcdomli\anco of northcni tyi>08, 850.

Bflbct of tho lako In cqualliting tho teiupuraturo, 859. Tho character [p( tho

Tegotation litUo influenced by geological formatlonn, .'100. List of plants, with

remarks on sonio of tho ntoiv iniportAut trocs and shrubs, 8GG 869-881

APPENDIX.

The Jesuit Rolationa, 885. Explorations of Marquette, 886. rhenomcna of tho

watcjra, 887. On the sti\>ngth of n-rought iron, 887. Baroraotrical obNervatlons,

888. Statistics of tho iron raanulkcture In tho United States, 302. Artesian wells

at Oreen Bay, 808. Fisheries of lakes Michigan and Supoiior, 806. Statistics of

lumber, 396. Origin of Indian names, 896. Errata, Part 1, 400 881-400

Umx,4M. ...,,,... t 401-106



IB LAKES.

8TR0N0MICAL

m:ij LIST OF ILLUSTRATIONS.
'"

.7vvI:'>:ifn'J' .1'^ ^ '^ ' '''^'' ,"•' .'^.•i't,> Sijt'vU nt

SKETCHES OF SCENERY.^SECTIONS. " !
'

'

"

i. FRdNTispiECE—View near Carp River 15

II. Monument Rock, Isle Royale—North-east View 117

III. Monument Rock, Isle Royale—Front View 117

IV. The Castles 117

V. Mt. Houoiiton 118

VI. Falls of Trap Rock River 118

VII. Grand Island Harbor 124

VIII. Miners' Castlk - 126

IX. The Amphitheatre 126

X. Sail Rock—Distant View 128

XL Sail Rock—Near View 128

XII. The Grand Portal 128

XIII. The Chapel—View from the West 129

XIV. The Chapel—View from the East - ---129

XV. The Chapel—Interior View 129

XVL The Grand Sable 131

XVII. Gros Cap 164

XVIII. Arched Rock ---164

XIX. Sugar Loaf 165

XX. Boulders at Saut Ste. Marie 269

XXI. Folded Strata at L'Anse, Ac.--* ---118

XXII. Sections of an Iron-Forge 78

PLATES OF FOSSILS.

POTSDAM SANDSTONE.

A. XXIII Paob 226.

FUCOIDES? DUPLEX.



-mm^'

*»
Tw-/';:-;

I. II

i !

h iiiii

"W UST OF ILLUaTEATIONS.

i'?fe^^,*(|''

i

!.• . I

XXIII. Page 204.

Fig. 1 a. LiNOVLA—^Tequamenon bay.

16. Linsula—Escanaba river.

t 1 c, d. Similar form—St. Croix river.

1 e. Another form—St. Croix river.

1ft g' Muscular impressions of two different valves.

2 a, ft, c. LmouLA antiqua—St. Croix river.

3 a, bf c. Cheek and prolonged spines of Dikellacepbalvs.
S d. A single articulation.

3«. Tail.

4* Head ofspecimen, from the St. Croix river.
"

TRENTON LIBIESTONB.
XXIV. Page 206.

Fig. 1 a. Phenopora multipora—Fragment, natural siae.

16. Portion enlarged.
' ' 2 a. Clathropora flabellata—specimen Natural size,

: nearly entire.

»^.. 2 6. Portion enlarged.

XXV. Page 207.

Fig. 1 a. Ch^tetes lycoperdon—Hemispheric form, showing
nodose or stellate elevations.

1 b. Portion of its surface enlarged. • .. r

1 c, d. Fragments ofthe branching form of this species, show-
ing the nodose character in different degrees.

2 o, 6, c. ScHizocRiNus NODOsus—columns.

3a. EcHiNosPH^RiTES— fragment. :/- . -

3 6. Several of the plates, enlarged.

4 a, 6. Genus? ? (Cystidian?) Two of these rin^,
natural size, one having the plates about c e-third

larger than the other.

4 c. Single plate, enlarged. •;

XXVI. Page 209.

Fig. 1. MuRcmsoNiA major.
1 a. Nearly entire.

.1 6. Fragment showing longitudinal section.

1 c. Two lower volutions of a large individual.

XXVII. Page 210. *

Fig. 1. AsAPHus Barrandi. .

'

1 a. Glabella, and part of the cheeks of a large individual.

1 6. Smaller head, showing the anterior border, and the

direction of the facial suture.

1 c. Cheek, showing the long posterior spine, which is

broken at the extremity. ,^

1 d. Tail of a smaller individual.

2. HaRFES ESCANABIiE.

2 a. Marginal shield of a buckler.

3. PhAGQPS CALIilCEPHALUS.

3 a. Head.
, j

3 b. Eye enlarged.
'
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XXX. Page 213.

Fig. It MODIOLOPSIS PHOLADIFORMM. ''1
"'''

1 a. Left valve of a large individual.

2 b. Right valve of a smaller individual, with its posterior
'"^

extremity broken off.

1 *- Fragment, with the ribs more closely arranged. .

XXXL Page 213.

Fig. 1. MoDioLOFSis FHOLADiFORMis—Cardinal view of 1 e»

on the preceding plate.

2. MODIOLOFSIS MODIOLARIS.

2 a. Left valve of a specimen of the ordinary form. *

,
2 6. Cast of another individual, narrowed towards the

anterior extremity.

2 c. Cardinal view of the same.

2 d. Left valve of an individual, much shorter than the
usual form.'*. fi^if
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CLINTON GROUP.
XXXIL Page 215.

Track of a vertebrate?
*

XXXIII. Page 219.

Track of crustacean? *

NIAGARA GROUP. •

XXXIV. Page 220.

Fig. 1. HURONIA vertebralis.

^t DiscosoRUs coNoiuEus—Specimen worn, showing in-

terior of the disks, partially filled with crystalline

matter.

,1k. Another individual, showing the last disks enlarged

V' ' by crushing.

4( HuRONIA ANNULATA.
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GEOLOGY

or TBS

LAKE SUPERIOR LAID DISTRICT.

PART II.

CHAPTER I.

CLASSIFICATION AND NOMENCLATURE OF THE ROCKS.

Tabular Arrangement of the different Formations.— Terms defined.— jRc-

lations of the Igneous and Aqueous Formations.— The Azoic System.---

The Silurian System.— Confusion in JVomenclature.— Synonomy of the

Groups in different Regions.— Explanation of the General Map and

Section.

In Part I. of this Report, communicated to the Commissioner of the Gene-
ral Land Office in 18d0, and published in 1851, we have given a historical

sketch of the exploration of the country bordering on Lake Superior, a

description of its physical geography and climate, and so much of its geo-

logy as was necessary to the full elucidation of the copper-bearing rocks

and their relation to the sedimentary formations ; this being the suoject to

which that part of the report was principally devoted. The two concluding

chapters contained an account of the drift phenomena so conspicuously

displayed in the region of the great lakes.

In Part II. of this Report, we shall proceed to the detailed and sys-

tematic description, so far as our materials will--enable us, of the geology
of the whole of the Lake Superior Land District, commencing with those

formations which are the lowest in the scale of geological succession, or

those which were the first formed, and ascending to those which are now
in the progress of accumulation. We shall only allude to the results of the

former part of the report, so far as it may be necessary to enable the

reader to form a connected idea of the geology of the whole region.

Ex.—

1
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The following table exhibits the names and the order of succession of the

geological groups which have been recognized as existing within the limits

of GUI- district.
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CLASSIFICATION OF THE ROCKS.

OF VARIOUS AOES. .

Plutonic
Rocks.

GranitOj

Syenite,

Feldspar and Quartz rock.

Greenstone, or Dolerlte, Porphyry,
Basalt, Amygdaloid,

Volcanic \ Hornblende and Serpentine Rocks,

Rocks
Masses of Specular and Magnetic Oside of

\ Iron.

Trappean,
or

AZOIO STSTEU.
Gneiss, Mica and Homblendo Slate,

Chlorite, Talcose and Argillaceous Slate,

Beds of Quartz and Saccharoidal Marble.

SILUBIAN Sl'STJEU. ,

Lower. *

Upper.

Potsdam Sandstone.
Calciferous Sandstone.
Chazy Limestone.
Birds-eye Limestone.
Black-River Limestone.
Trenton Limestone.
Galena Limestone.
Hudson-River Group.

Clinton Group.
Niagara Group.
Onondaga Salt Group.

DEVONIAN SYSTEM. . . . Upper Hcldcrberg Series.

DRIFT SYSTEM.

ALLUVIAD DEPOSITS.

Beds of Sand, Clay and Gravel rudely stratified.

Transported Blocks of Granite, Greenstone, &c.

Sand and Pebble Beaches, Marshes, Flats, nooks, Spits,
|

Dunes, &c.

I! i?

The term rock, according to the arrangement of M. Constant Prevost,*
j

is applied to laasses, or beds, whether the elements composing them be I

homogenous, or complex : formation explains their origin, while system
\

designates the relative ages of the different parts.

Two sets of causes have operated simultaneously to produce the various \

compounds which compose the crust of the earth: these are the igneous |
and the aqueous. The rocks resulting from the first, or igneous set, have I

a crystalline aspect, and contain certain mineral substances, such as feld-

spar, mica, hornblende, pyroxene, &c., constituting great irregular masses,!

and traversed by divisional planes, pursuing, for the most part, a uniform

f

direction.

The rocks resulting from the second, or aqueoiis set, are arranged in sedi-

mentary deposits, divided into strata, feeds, layers, &c., composed, for J

the most part, of argillaceous, calcareous and arenaceous particles, and

often contain numerous organic remains.

Article « Formation" Dictionnaiie Universel d' Histolrc Naturelle.
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In addition to the two griinil classes of formations, igneous and aqueous

it is necessary to establish two orders of mixed formations. Where the

materials were formed in the interior of the earth, and ejected by the action

of fire, but subsequently modified by the action of water, which transported

and deposited them in stratified beds, such as trap-tuff, peperino, &c., often

enclosing organic remains ; these are called Pluto-Neptunian

On the other nand, those rocks which were deposited by water, and

afterwards modified by the action of heat, changing their charactei and
causing them to resemble igneous formations, such as the crystalline schists,

saccharoidal marbles, &c., these are called metamorphic. Thus far the

arrangement of M. Prevost.

Each system of detrital rocks in this district, if we except the drift, is

characterized by the presence of igneous products, which differ as much, one

from another, as the sedimentary systems. Thus, the oldest class of igneous

products consists of hornblende and feldspar rocks, and serpentine rocks, and
may be regarded as contemporary with the azoic system. Next in order

are the granites and syenites, which are intermediate in age between the

azoic and Silurian systems. These are traversed by at least two systems

of greenstone dykes which are anterior to the purely sedimentary deposits.

Contemporaneous with the lower portion of the Silurian system, are the

bedded traps and amygdaloids of Keweenaw Point, Isle Royale a.id the

Ontonagon region; and, although composed of nearly the same constituents

as many of the older igneous rocks, thei-e is no difficulty, from the diversity

in external characters, in drawing the line of demarcation between them,—
the older being compact or crystalline, but never amygdaloidal.

Below all the fossiliferous groups of this region, there is a class of rocks,

consisting of various crystalline schists, beds of quartz and saccharoidal

marble, more or less metamorphosed, which we denominate the Azoic sys-

tem. This term was first applied by Murchison and de Verneuil to designate

those crystalline masses which preceded the palaeozoic strata. In it, they

include not only gneiss, but the granitic and plutonic rocks by which it

has been invaded. We adopt the terra, but limit its signification to those

rocks which were detrital in their origin, and which were supposed to have
been formed before the dawn of organized existence. This, however, is a
mooted point. Lyell, on "the one hand, maintains that animal organisms may
yet be detected below what is now regarded as the oldest fossiliferous group

;

while, on the other hand, Murchison contends that it is highly probable

we have reached the point where organized existence first started. W^e
incline to the latter view ; and are disposed to regard these deposits as

having been accumulated before the dawn of animal life, rather than that

organisms flourished, died and were entombed in the rocks, and that their

remains have become obliterated by the long-continued action of heat.

The Silurian, or protozoic system, as it is sometimes called, since here

we find the first traces of organized existence, is represented in this district

from its summit to its base. Much confusion prevails with regard to the

nomenclature of the different groups composing it. The various State sur-

veys, while they have developed many valuable facts, have, also, originated

a multitude of local names. They started about the time that Murchison

and vvhiie Ameri-first promulgated his subdivision of the Transition rod
can geologists recognized the great leading features of that subdivision, they
failed to detect subordinate groups. There existed in this country, no stan-

dard of comparison, and hence arose a variety of names, local in their ap-



[4] 4

'^
!

plication, and often founded on the lithological, instead of the /(5ological

characters of the rocks. Unfortunately, few of these surveys were carried

to completion, so that the geologists in charge were unable to adopt a na-

tional nomenclature.

The New York geologists have divided the Silurian system, as developed

in that state, into eleven groups, while some of the Western geologists re-

^,
cognize, in its western extension, but five. IJetween the two systems of

}^ classification there is no community of names.

ijf
The geographical position of our district is such as to form a connecting

/ link between the East and the West. While, on the one hand, the New
f York and Canadian geologists have traced the Silurian groups up to the

eastern borders of our district; on the other hand, the geologists of Michi-

gan, Iowa, Wisconsin and other states, have traced the same groups, though
under different names, along their southern and western prolongation, witn-

out having attempted to identify them with their eastern equivalents, or to

subdivide them according to the palaeontological evidence.

Under these circumstances, we have endeavored to connect the two sets

of observations and blend them into one harmonious whole. As the New
York survey is the only instance in which the matured results have been
communicated to the public, and as the volumes on the palaeontology—

a

monument of the research and perseverance of the author, Mr. Hall—will

form the standard of reference for the whole country, in determining the

succession of the Silurian groups, we have deemed it advisable to adopt
that nomenclature, so far as the same groups described by the New York
geologists could be recognized in our district.

The designation of groups of strata by names derived from their geogra-

phical position, or from the locality in which the rocks are first investigated

and their relative position clearly defined, seems to be of all the methods of

nomenclature that which, for the present at least, is liable to the least ob-

jection. Names given solely with reference to lithological character, or to

the presumed predominance at any particular point of a certain genus or

class of organic remains, seem much more likely to lead to misunderstand-

ing and confusion ; and, however desirable it may b« that a imiversal system
of nomenclature and arrangement should be introduced, it seems quite im-

possible to hope for any such thing in the present state of geological science,

a science which is so rapidly developing, and liable to such constant changes.

The names introduced by the New York geologists, are iri most instances

derived from the locality where the group designated is particularly well

developed, and the fact that those groups have, in their continuation through

Canada, been described by Mr. Logan, the Provincial Geologist, under the

names recognized by the New York survey, seems an additional reason for

their adoption, as far as possible, by us.
[

It will be seen from the details incorporated in a subsequent part of thV
report, that many members of the Silurian series, particularly the grits and
conglomerates, which are clearly defined in New York, have but a limited

range, and disappear altogether before reaching the limits of our district.

These are conditions which we ought to expect would exist in deposits made
along a shelving ocean-shore ; but so far as these are persistent, it seems

desirable that they should bear the same names throughout their whole

extent.
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The following is the synonom) of the groups of the systems aeveioped

in this region, according to the nomenclatures adopted in the reports of the

did'erent surveys.

Ntw Yori and LtiieSitpeiior, \ Fcnnsylvaiiia and Virginia. | Ohio Iowa and Wtieoniin,

AZOIC SYSTF.M.

AZOIC SrSTEU, A7,0IC SOIlISTOflK RERIKS. HGTAUORPIIIO ROOKS.
(Not clasnifled in New York.) (Wanting in Ohio and lowo.)

SILURIAN SYSTEM.

rot«dam SandHtone. \ Sifn 5""^^°°'' "' *''""
\ ^"T ^''"!"'l°in'nhir°™*'

I
ination No. I. \ tion 1, wantiug m Ohio.

Calciferoub Sandstone. \ ^°^°l Pf*
°f ^V^'tT^ \ r^'T

M^gnesian Limestone,

\ bcnos, or part of No, II. j F. 2, wanting m Ohio.

Trenton Group (including \ Midd.e part of Mntinnl Sc- S ^"^^Jl'^^i"?" V^^'^Tii!^?'
Chazy, Birds-eye, and Black- j ries, or part of No. 1 1 . ] % Bl"e Limestone and Marls

river Limestone.) f
'^

f o< the A\ est.

imostou. (not ro- ( Not recognized in I'enn- \
Erroneously regarded as tl.o

. New YoW.) ] sylvania a^^d Virginia.
| ^Tr'Cesiln'iliSiCe^''-

I Associated with No. S, or the

Matinal Shales, or No. III. < Blue Limestone and Marls of

( Ohio.

1 Part of the Levant Scries, xt„, ,„„„„„;„„j „ ^v.^ xr...*

) or iiurt of No. V

.

^ °* recognized at the West.

(ralena Limestoi
cognized in

Iludson-rivcr Group.

Medina Sandstone and Clin-
ton (iroup.

Niagara Group.

Onondaga Salt Group.

Upper Hclderberg Limestone.

IS

Part of the Levant .Series,

or part of No. V.

Summit of the Levant Se-
ries.

DEVONIAN SYSTEM.

Cliff Limestone of Ohio and
Indiana. Upper Magnesiau
Limestone.

t Upper portion of the Cliff

J Limestone.

EXPLANATION OP THE MAP.

Accompanying this report, will be found a general Geological Map ot

the region over which our observations have extended, on w^ich we have
attempted to delineate by a system of colors, so far as practicable, the

boundaries of the several group's of rocks embraced in the above table.

•Although we have succeeded in recognizing most of the minor groups, such
as the Chazy, Eirds-eye, Black-river limestones, and also the Medina
sandstone and Clinton groups, not only by their lithological characters, but
by their fossil contents, yet their geographical range is so limited that they
cannot well be represented on a map of this contracted scale. By adopting
a set of symbols, we have endeavored to represent minor phenomena, such
as the bearing and inclination of the strata, and in many instances their

mineral associations.

In preparing the geology of the northern coast of Lake Superior, we
have availed ourselves of the labors of Mr. Logan, the distinguished Pro-
vincial Geologist of Canada. We have had less reluctance m prei€nting
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IS, tor tli< reason that l»is reports of nrogressan epitoif of his i , ._. ... . -. ^ _. . ^
have had but limiteu ci. 'ion in the TJj.ited States, and for the addi-

tional reason that they tend i cju( idate the geology of our own district.

EXPLANATION OF THE GENEBAL SECTION.

The Genernl Section appended to tliis report has been constructed for

the purpose ol hibiting not only the diiferent sy terns of strcitified rocks

which prevail in this ^rict, and the relative posiin»ns of the granitic and

trappean formations ; bu. is also designed to represent a geognostic pro-

file of the route traversed, in which the relative heights of the most promi-

nent points above the level of Lake Superior arc given. We have, also,

constructed a ground plan on which the topographical features of the region,

along the line of the section, are delineated—a feature not hitherto intro-

duced into works of this character, but which is calculated to nlTord the

inauirer essential aid.

This section commences at the head of Thunder Bay, on the north-west

coast of Lake Superior, and terminates at the mouth of the Menomonee
river of Green Bay, pursuing a course of about N. 18° W. and S. 18° E.

Its entire length in a direct Tine is nearly 260 miles. The scale of height

has been made to conform as closely as possible to that of length, with a

due regard to the representation of all the phenomena.
We nave not attempted to represent the drift deposits which are plenti-

fully distiibuted over nearly the entire region.

We propose to give a brief explanation of the phenomena delineated on

the section.

Commencing a few miles inland from Thunder Bay., ve meet with a range

of granite, belonging to the oldest system of uplx-ival, around which the

upper beds of the azoic system are deposited in a horizontal position. At
Thunder Cape and Pie island, these slates are exposed in a nearly vertical

section a thousand feet in thickness, with a crowning overflow of trap of

about 300 feet.

The greater portion of Isle Royale is composed of trappean rocks of the

Silurian epoch, which do not rise in great irregular masses, but present a

bedded structure. On the southern slope of the island, we meet with inter-

calations of sandstone and conglomerate, dipping with considerable uni-

formity to the souih-east. The southern margin of the island, between
Siskawit Bay and the point south of Washington Harbor, as well as thf>

various reefs, consists of conglomerate passing into sandstone ; and we h .

no evidence of the invasion of the trap between thi>, line and the south rr.i

coast.

Keweenaw Point is the counterpart of Isle Royale, except that the dip

of the sedimentary rocks is reversed ; thus, rendering it highly probable that

between these two points there is a great curvature in the strata, caused by
an elevation along the ';es of tw o volcanic fissures. The alternations of con-

glomerate and trap {<re i. '-h more numerous on the northern slope of Ke-
weenaw Point than Ol- "^ lvjy"Ii", and the latter attain a much greater

thickness. The prodi'-.iite vehi- of copper are restricted to the trap, al-

though in many instanoes* liii fisr.ures travi'.;- c the conglomerate. This ccfn-

glcmeratc is not, strictly speaking, a sedimentary roct, but in the iiature of

a tuff or peperino, and is due to the joint action of fire and water. On the

southern slope of the axis,, the sandstone which is here a purely sedimentary

I
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rock, and the equivalent of the Potsrlain, is sctn flipping; away from the

crystalline trap at a high angle; but at a short ihbl.tnc' irom the line of

igneous outburst, it verges towards horizontality ; md all along the coast to

near ihe head of Keweenaw Bay, it presents a sei les uf gentle undulations.

A short distance above the Methodist Mission ;it L'Anfic, it i seen reposing

uncoiiitu'inably on the slates of the a/.oic system.

From this point to Chippewa island, in the Menoinonee river—a dis-

tance in a direct line of more than 80 miles—the coiiiili v is occupied by

rocks of the azoic system, consisting of various crystalline schists, beds of

quartz, saccharoidal marble, and immense deposits of specular and magnetic

oxide of iron. They arc invaded at numerous points by igneous rocks, both

granitic and trappen .

At Chippewa Maiul, llie Potsdam sandstone is seen reposing upon the

upturned edg' ol li.e &]'.' s, or occupying the pri-existing depressions in the

igneous ro( ks. To this succeed the calciferous sandstone, and the Trenton
limestone liij i> i of Green Bay has beeii excavated in the Hudson-river

gr-'up, v'iii/e the Niagara and Onondaga limestones, being more indestruc-

tible, h tia a barrier reef on the east, known as the peninsula of Green
Bay.

Rie iiaiure oi
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CHAPTER II.

AZOIC SYSTEM.

Various crystalline Schists, forming the primeval Crust of the Earth.—
Contortions to which they have been subjected.—Presence of Igneous

Rocks.—Condition of the Earth at the time of their Formation.—
Effects of Metamorphism.— This System characterized by an entire Jlb-

sence of Organic Remains.—Supposed Causes of their Absence.—Geo-

graphical Distribution of these Rocks on the northern Coast of Lake Su-

perior.—Divided into tioo Groups.—./Issociated Igneous Rocks.—Me-
tallic Contents.— Their Relation to the Sihirian Strata.— Their Dis-

tribution on the southern Shore.—External Characters.—Igneous Pro-

ducts,—Lilies of Lamination in Slates.—Prevalence of Iron.—Diffi-

culty in estimating the Thickness of this Group.—Contortions of the

Strata.—Remarks on the existence of this System in other parts of the

World.

The Azoic System—so called from the entire absence of organic remains

—comprises the most ancient of the strata which form the crust of the

earth. They consist for the most part of gneiss, hornblende, chlorite,

talcose and argillaceous slates, interstratifieil with Iteds of quaitz, saccha-

roidal marble and immense deposits of specular and magnetic oxide of iron.

Most of these rocks appear to have been of delrital origin, but greatly trans-

formed by long-continued exposure to lieat. They are sub-crystalline or

compact in their structure, and rarely present unequivocal signs of stratiii-

cation. They exhibit the most violent dislocations ; in one place the beds

are vertical, in another, reversed, and in anothei', present a succession of

folded axes.

Intermingled with them is a class of rocks whose igneous origin can

hardly be doubted, and to whose presence the metamorphism so character-

istic of this series, is in some measure to be ascribed. They consist of va-

rious proportions of hornblende and folds})ar funning 1ra])s and basalts, or

where magnesia abounds, pass into serpentine rocks. They appear in

some instances to have beeii protruded through the jiri'existing strata in the

form of dykes or elvans ; in others to have flowed in broad lava streams

over the ancient surface ; and in othei's to have risen up through some wide-

expanding fissure, forming axes of elevation.

Most geologists, at this day, admit that the earth w-as originally in a fluid

.state and refer to heat as the solvent power; that the earth gradually parted

with portions of this heat so as to allow the materials (o crystallize and

form a crust around the incandescent nucleus ; that the waters acting on

this crust detatched ])articles of mailer asid carried them far into the ocean,

where they were ilepo;-it«-(l ia extensive beds, or strata ; and that by long-

continued exposure tf> lieat, thev assumed the crysialliuc character which
*hey now present. Their transformation in aggregation, structure and

chemical composition, has not resulted from mere contact with plutonic or

volcanic masses, but from gaseous sublimations \\ liich accompany erupted
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rocks, intense pressure and electro-chcmicnl agencies generated in the vast

laboratory of nature.

" If we consider our planet as a cooling mass of matter," observes De la

Beche—the great practical and theoretical geologist of England—" the

present condition of its surface being chiefly due to such a loss of its origi-

nal heat by long-continued radiation into the surrounding space, that, from

having been Avholly gaseous, then fluid and gaseous, and subsequently solid,

fluid {ind gaseous, the surface at last became so reduced in temperature, and

so little alfectcd by the remaining internal heat, as to have its heat chiefly

regulated by the sun,—there must have been a time when solid rock was
first formed, and also a time when heated fluids rested upon it. The latter

would be conditions highly favorable to the production of crystalline sub-

stances, and the state of the earth's surface would then be so totally dif-

ferent from that which now exists, that mineral matter, even abraded from
any part of the earth's crust, which may have been solid, would be placed

under very diiTerent coii.dltions, at these dilfercnt periods; we could scarcely

expect that there would not be a mass of crystalline rocks pioduced at first,

which, however they may vary in minor points, should still preserve a gene-

ral character and aspect ; the result of the first changes of fluid into solid

matter, crystalline and sub-crystalline substances prevailing, intermingled

with detached portions of the same substances, abraded by the movements
of the first-formed aqueous fluids."

Chemists have shown that similar materials, Avhen fused, yield dissimilar

products, dependent on the rapidity or slowness with which they cooled,

and the degree of pressure to which they have been subjected. The re-

searches of Mitscherlich and Gustav Rose liavc thrown much light on the

process of metamorphism. The artificial mineral products, such as garnet,

idocrase, magnetic oxide of iron, &c., and even some of the rarer gems
which have been produced in the laboratory of the chemist, or found among
the scoriffi of furnaces, all'ord us an insight as to the manner in which na-:

ture has operated on a grander scale.

Since the theory of metamorphism has been generally recognized, many
of the rocks which were formerly regarded as igneous, are now referred to

aqueous agency, and the transformations which they may have undergone
traced to the presence of erupted rocks.

Von Buch has shown that the gneiss around the Gulf of Finland has been
produced by the metamorphic action of granite.

Hoffman points out an instance in the Fichtelgebirge, in which argilla-

ceous schist, which can be traced for sixteen miles, is transformed into

gneiss only at the two extremities, where they come in contact with granite.

In the Pyrenees, compact limestone is changed into granular limestone,

where it comes in contact with the erupted rocks. The dolomite of the

southern Tyrol and of the Italian side of the Alps, is but a metamorphism
of calcareous beds, exhibiting no signs of stratification, and no vestiges of

organic remains.

The marbles of Carrai'a and Siena, which have afforded so many blocks

for sculpture, and which were formerly cited as examples of " primitive lime-

stone," are as recent as the oolite, while the sandstones which flank the

AppenineSj and were once supposed to rest at the base of the fossiliferous

series, are proved to belong to the tertiary. So too, the slates of Glaris,

which were formerly regarded as transition, have been proved by Agassiz,

from the fishes, to belong to a period as recent as the chalk.
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The vast beds of quartz in Soutli A mericii, vrhich lisc in mountains 7000
or 8000 feet in height, are, probiibly, but transformed beds of sandstone.

The ribboned jaspers of Orsk, in the Ural, according to Gustav Rose,

are, in all instances, in direct contact vrith greenstone porphyry, and are

but highly silicified schists.

Murchison and de Verneuil have observed, in the Ural, the sandstones,

limestones and shales of the Silurian and carboniferous s> stems passing

into chlorite, talcosc, and quartzose rocks, with beds of crystalline marble,

as they approach the lines of eruptive agency.

It IS needless to cite further examples of metamorphism. From the

countless analogies which exist, we are authorized in the inference that

gneiss is a highly metamorphosed form of shale, quartz of sandstone, and
saccharoidal marble of calcareous beds. We shall, therefore, in treating

of the various schists, marbles and quarlzose rocks, regard them as sedi-

mentary deposits, transmuted by eruptive agency. We shall recognize no
rock as purely igneous, unless it occur in vast, irregular masses, like granite

;

in dome-shaped, or crater-like summits, like basalt, or trachyte ; in long

lines, like dykes, or elvans, cutting through the incumbent strata ; in rami-

fying veins, like granite ; or broad lava sheets, like trap. Yet, with these

restrictions, there are many rocks in this district which almost defy classifi-

cation.

In the earlier periods of the earth's history, igneous causes operated with

greater force and intensity, and hence it is, that the ancient sedimentary

deposits differ so widely from those belonging to more recent epochs.

This system, as its name implies, is characterized by an ^ntire absence of

the remams of animal, or vegetable life. It is reasonable to suppose that

there was a time in the history of our planet, when its crust was subject to

constantly-recurring volcanic paroxysms, when mephitic vapors were es-

caping through extensive fissures communicating with the interior, and
when the waters were in a heated condition, and differed perhaps chemi-

cally from those of the existing oceans. Under such conditions, we ought
not to look for any types of animal, or vegetable life.

Many eminent geologists maintain that the lowest stratified rocks are but

portions of the Silurian, or Cambrian system; and that, from long-continued

exposure to heat, the lines of stratification have become obscure, and all

traces of organic remains obliterated. Our investigations in this district

have led us to a dilferent conclusion. If the Potsdam sandstone rests at

the base of the paleozoic series, if from that epoch we are to date the dawn
of animal creation, there is in this district a class of obscurely stratified

rocks interposed between the Silurian system and the granite,—rocks dis-

tinct in character, unconformable in dip and destitute of organic remains.

They have been so far transformed by direct or transmitted heat as to ex-

hibit few traces of their original character. Sandstone has been converted

into massive quartz, limestone into saccharoidal marble and shales into hard
crystalline schists. If we found these rocks graduating into stratified de-

posits of sandstone, shale and limestone, as we receded from the lines of

Igneous outburst, and enveloping the remains of animals and plants, we
should be led to a difFereut conclusion ; but, so far from it, the evidence is

ample that the strata which form the base of the Silurian system repose on
the upturned edges of the metamorphosed rocks, and that the causes by
which their metamorphism was effected had ceased to operate before the

deposition of the fossiliferous strata. I^etween the two systems there is a
'
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clesr and Avell-defined lint! of dernniTation. Tt forms one of those great

epochs in the history of the enrth, where thv geologist can pause and sat-

isfy hinisplf of the correctness oi' h.is coiifhisions. On the one hand, he

set s evidence of intense and long continued igneous action ; on the otlier,

of compiirative tranquility and repose.

Few regions, perhaps, alFord ampler facilities than this, for the investiga-

tion of the early history ot our planet, or at least of that portion extend-

ing back from llu' termination of the Silurian epoch to the first-lbrraed (r

azoic schists, "when the wnters were gathered together unto one pla »•

and the dry land appeared, " and although a few leaves may be wantir.j.-;,

enough reraain to form a connected and intelligible record. *

Having thus taken a general view of ilie origin of the azoic system we
will now proceed to describe its geographical distribution.

AZOIC SERIES ON THE NORTHERN SHORE.

The rocks of v.hich it i,s composed are developed on an extensive scale,

both on the northern and southein margin of the Lake Superior basin.

Commencing on the northern shoic of the lake, we find a series of talcose

and chlorite slates with occasional beds of coarser grits, in immediate con-

tact with the granite und gneiss. They have been divided by Mr. Logan,
the distinguished Provincial Geologist of Canada, into two groups—a divi-

sion which we have failed to recognize on the southern shore—the lowest

of which consists of sl.ites partially rliloritic. and talcose, and occasionally

holding a suilicient number of pebbles derived from the hypogene rocks to

constitute conglomerates. "These slates," he remarks, "are of a dark-

green color, often dark-grey in fresh iVactures, which at the base, appear to

be occasionally inters! ratified with beds of a feldsputhic quality, of the red-

dish color belonging to the subjacent granite and gneiss : sometimes they

are a corabinatioji of tMdspar and quartz, occasionally with the addition of

hornblende, making syenitic beds, and in some the hornblende predominat-

ing gives the syenite a general green tinge. Some of the beds have the

quality of a greenstone, others that of mica slate, and a few present tli ,

character of a quartz rock."t These slates, he conjectures, attain a thirk-

ness of several thousand feet, and are well exposed at the mouth of llie

)'iver i.\\'e, aboiL live miles from the Micliii-.icoten river. The strike (;i

ihe beds is very irregular and their dip bighly inclined.

The upper group rests vnconformchfy on the preceding, and tow i;;!s

tbe base presents conglomerate beds of no gi'cat thickness, the pelii)les of

which consist of white qu;irtz, red jaspei- a!;d o(ea'iona|]y slate, the whole
enclosed in an arenaceous matrix. iri;.'.liei nj) are found layers of chert;

• Lyell iuul others, ns ivi>iMil\i'd in u piovions ctKipicr. TiiMiiUiiin fli-.it tho rocks comjio.sijiy

tlio ii/.oic .systeni, niiiy once luive bw'ii f'o^^.siliii'i-ous. and tiii'.t tlicir (lystiillino clutractcr is

not due to ii peculiar and iia:ii:ent condition oC our jdanet. r.t the jicriod nf tlieir fbrnnitioii.

We can hardly conceive it possihle liiat ciaiises ol' Millicicnt intetisity to elevate eonfiuenl.s
aliove the level of the waters, eoiild have (ijier.'.ted w itlioit having left ninnistakeahle evi-

dencL's of their action. At a period uhen the ivufh was pissin;' ffoni a cli.iotie to a liabita-

lile .state, we may suppose that the two jrn;at anta.uoni.;1j»'a! lorees of lire and water were
ictively excited, ami the result v,o;;ld lie a v.i.-t ai'runnil dim of ii^ueou.s and deti'ital mate-
rials; thewholi' so niet-inioipb.os^'d as !o rLiidi r it dillieLili in ail cases to distinguish between
llicm ; and although in the suhseiiuenl liiste

peated and conjoint operations of the:

f MKTAMORIMIIS.M,

t Kepovt of Progress- 1840-7, p. .v..

>r tiv

the

one

irtli, theie is ahundanl evidence of"

ises. yet the a/.oie, age was emphatically
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occasionally approaching chalcc->lon} . Tho plates nre separated by thin

calcareous seams, presenting a ribbon-like appearance.

In the vicinity of the disturbed parts, the chert sometimes passes into

chalcedony and agate, and small cracks are filled with anthracite, which
is also found forming the centre of minute globules, enclosed in a silicious

matrix.

Higher up in the series, the argillaceous slates ijecome interstralified

with argillaceous sandstones, in such an altered condition that it is often

difficult, at first sight, to say whether the latter may not be trap layers.

Calcareous bands occasionally occur of sufficient purity to be called lime-

stone. Interlaminated masses of trap are found near the base and over

lying the summits. They are composod of a black hornblende anr'

greenish-white, horny-looking felilspai-, in no instance assuming an amyg-
daloidal character, but occasionally presenting a porphyritic appearance.

It exhibits a sub-columnar structure, and the crowning overflow of trap

communicates a peculiar aspect to the whole region occupied by this for-

mation. It attains a thickness of nearly 2000 feet, and, where it comes to

the lake, rises in bold, overhanging cliffs.*

"Beginning at Pigeon ]}ay—the boundary between the United States

and the British Possessions"—according to Prof. Mather, who has kiiuil)

placed his notes at our disposal—" we find the eastern portion of the pen-

insula lined with bold, rocky ciiiTs, consisting of trap and red grar:i'i'.

The latter is composed of red feldspar and cjuarts, with no raica, and is

intersected by huavy dykes of trap, and veins of trap and calc-spav, cciv

taining iron pyrites. The whole southern shore of the bay, wherever

examined, presents this character.

The falls of Pigeon river, eighty or ninety feet hi height—are occa-

sioned by a trap dyke which cuts through a series of slate rocks highly

indurated and very similar in mineralogical characters to the old grey-

wacke group. Trap dykes and interlaminated masses of trap were
observed in the slate near the falls. These slates, brown and grey in

color, form beds of stratified rock, nearly horizontal in position, around

the granite, exhibiting no marks ol derangement or upheaval through

which the latter rocks emerge like islands.

Both of these rocks are traversed by dykes, L>elonging to a common
system.

The base of nearly all the ridges and cliffs between Pigeon river and Frut

William is made up of these slates, and the overlying trap. Some of llie

low islands exhibit only the giey grits and slates. Welcome islands in

Thunder Bay display no traps, although, in the distance, they resemble

igneous products, the joints being more obvious than the planes of stratifi-

cation, thus giving a rude semi-columnar aspect to the chffs."

At Princes Bay, and also along the ch;un of islands which luie tlie

coast, including Sj)ar, Victoria and Pie island, (he slates with the crowning
traps are admirably {lis})layed. At the British and North American Com-
pany's works, the slates arc traversed by a heavy vein of calc-spar and
amethystine quartz, yielding grey suljnir.ret and pyritous copper, and ga-

lena. From the vein, where it cuts the overlying trap on the main shore,

considerable silver has been extracted.

At Thunder Cape, the slates form one of the most picturesque headlands

* Vide Report bcfbic icforri'd to.
i

]i. 1:!-1 1,
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-are occa-

!t common

on the whole coast of Lake Suberior. They are made up of variously

colored beds, such as compose the upper group of Mr. Logan, and repose

in a nearly horizontal position. These detrital rocks attain a thickness of

nearly a thousand feet and are crowned with a sheet of trappean rocks,

three hundred feet in thickness.

At L'Anse a la Bouteille, the slates reappear, with the granite protruding

through them, and occupy the coast for about fifteen miles: numerous

dykes of greenstone, bearing east and west, are seen cutting the rocks ver-

tically. The Slate islands form a part of this group, and derive their name
from their geological structure.

They are next seen, according to Mr. Logan, for about seven miles on
each side of the Old Pic river. Near Otter Head, a gneissoidal rock forms

the coast, which presents a remarkably regular set of strata, in which the

ronstituents of syenite are arranged in thin sheets and in a highly crystal-

line condition. From this point to the Michipicoten river, the slates and
granite occupy alternate reaches along the coast, for the distance of fifty

miles. '* With the exception of a few square miles of the upper trap of

Gargantua, these two rocks appear to hold the coast all the way to the

vicinity of Pointe aux Mines, at the extremity of which they separate

fj'om the shore, maintaining a nearly straight south-easterly line across the

Batchewauaung Bay, leaving the trap of Maraainse between them and the

lake. Thence, they reach tne northern part of Goulais Bay, and finally

attain the promontory of Gros Cap, where they constitute a moderately
bold range of hills, running eastwardly towards Lake Huron."*

This range, according to the same authority,t in its easterly prolonga-

tion, where it bounds the St. Mary's viver on the north, consists of purely

silicious masses of quartz rock, the bedding sometimes well-defined, and
the surfaces not unfrequently ripple-marked ; of conglomerate bands, con-

taining pebbles of vitreous quartz and variously-colored jaspers ; and of

limestones of a compact texture and colored green, buff and grey, the whole
reposing on granite. Interstratified beds of chert and chlorite slate are not

wanting.

The bedded masses of igneous rock consist, for the most part, of green-

stone trap, which in some instances attains the thickness of a thousand
tieet.

The limestone in different parts of the range varies in thickness from
fifty to one hundred and fifty feet, and, wherever seen, is found in contact

with quartz rock, or syenitic conglomerate. On Thessalon lake, great

mountain masses of quartz, with subordinate masses of jasper conglome-
rates, appear to underlie the limestone, and at La Cloche, a band from
3000 to 4000 feet rests upon it. The scale upon which these older rocks
'ire here developed, seems almost incredible.

The associated bands are traversed by several systems of dykes both of
greenstone and granite, and, at the points of contact, afford numerous
evidences of metamorphism and disturbance. They are also intersected by
veins more recent in their origin, which contain several forms of the sul-

phurets of copper, and afford promise of profitable exploitation.

|

* Canada Report, 1840-7, p. '2o. f Report, 1848-9.

I Professor Agassiz, in his work on Lake Superior, has described many of the igneous
belts and metamorphie locks which occur on the nortli shore, and has called attention to
the interesting fact tlmt it.s outlines have been determined in a great measure by these belts.
As that work is readily accessible to the American reader, wo deem it unnecessary to present
the vIqws of the djitiuguishod author in a moio extended form.

"11
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This formation does not here invade the American shore. The Potsdam
sandstone has been deposited in the sinuosities of the more ancient quartz,

or rests unconforraably on its upturned edges. The channel of the St.

Mary's has been excavated along the line of junction between the azoic

and Silurian systems, thus affordmg a striking coincidence in the poHtical

and geological divisions the country.

AZOIC SERIES ON THE SOUTHERN SHORE.

In the region included between the two great lakes, known as the north-

ern peninsula of Michigan, this group constitutes the fundamental rock.

The materials of which it is compose' appear to have been thrown down
in a comminuted state, since we rarely meet with those grits or conglome-

rates which occur on the north shore. They constitute alternating beds of

great thickness, known as gneiss, hornblende chlorite, argillaceous, sili-

cious and talcose slates, quartz, iyccharoidal, tind crystalline limestones.

They are highly inclined and much contorted, and nowhere exhibit the

characters of a purely sedimentary rock, but the evidences of raetamor-

phism are more striking as we approach the lines of igneous outburst.

Gneiss generally flanks the granite, succeeded by dark masses of horn-

blende, with numerous joints, but obscure lines of bedding, which often

graduates into hornblende slate or chlorite rlate, as we recede from the

purely igneous products.

The outlines of this class of rocks are extremely irregular, and a refer-

ence to the general map will give a clearer idea of their range and extent

than a mere verbal description. The great mass, it will be seen, occupies

nearly half of township 48, between ranges 30 ami SGj thence, they stretch

uninterruptedly south to the Brule river ; on the east they are bounded by

the granite and sandstone, and on the west by the granite. From the main
mass there are numerous projecting arms. One starts from townsliip 48,

ranges 25 and 26, and trending in a north-easterly direction, intersects the

head of Keweenaw bay, and terminates in township 51, range 30. It

flanks the Huron mountains on the north and west, and is separated from

Lake Superior by a narrow and irregular belt of sandstone. The length of

this arm is nearly eighty miles, with a width of eight or ten miles.

Another arm starts near Machi-gummi, or Big Lake, and runs nearly due

cast, intersecting the main lake between Presqu'isle and Carp river. Its

length is about thirty miles, varyii^.g in width from six to fifteen miles. It

is included between two granite bosses, the one on the north and the other

on the south. This portion is characterized by vast deposits of specular

and magnetic oxide of iron in a state of considerable purity.

Another arm about eighteen miles in length and ten in breadth extends

easterly into townships 42 and 43, range 28 ; while another shoots off in

a southerly direction, occupying the valley of tlie Menomonee as low down
as Pike rivc^r, in township 35. Their western termination is in Wisconsin.

In this district, the area occu])ied by these rocks exceeds eighty town-

ships, or more than three thousand square miles. The configuration of the

slates and granitcis may be compared to the contours of a rugged coast.

The main granite masses foim numerous projecting headlands, while the

subordinaio patches rise up like islands. The slates sweep round the pro-

montories and form nurarrous ;i;irrow and deeply-indented bays.

The topographical features of the region occupied by the slates are stri-
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3s are stri-

iKing. It is diversified by bold, rocky cliffs and narrow and intricace valleys,

with lakes and water-falls, with luxuriant forests and natural meadows.

The culminating points reach nearly twelve hundred feet above Lake Su-

perior or eighteen hundred feet above the ocean-level. *

! We commence our description of the local phenomena of this system of

rocks where they intersect the lake shore between Riviere du Mortf and

Chocolate river. The sketch entitled " View near Carp river " forming

the frontispiece may serve to convey an idea of the contours of this region

better than a written description. The lake here forms a spacious bay

with gently-curving shores. A range of quartzose hills rising to the height

of six hundred feet terminates abruptly by the coast and forms the back-

ground of the picture. The extremity of the point consists of sand-dunes

rising to the height of fifty or sixty feet, with rounded outlines and highly-

inclined slopes towards the lake. Along its margin are to be seen the re-

mains of ancient terraces which indicate its former limits. The middle

ground is occupied by a range of trappean rocks interlaminated with the

slates. The settlement here represented, has been named Marquette, in

honor of the early missionary, and has already become the main outlet of

the Iron region. The foreground is composed of another rocky promon-

tory which projects for some distance into the lake, and serves as a shelter

to vessels against a west and north-west wind ; while by the shore, vestiges

of the Silurian sandstone are seen reposing upon the upturned edges of the

azoic rocks. It would be difficult to select another spot, along the whole
coast, where the rocks of so many epochs, from the oldest to the most

recent, are represented. It contains an epitome of nearly the whole geol-

ogy of the district. -* -

The quartz zone exhibits two distinct ridges, where it approaches the

lake, hemming in tlie valley of Carp river with rocky walls, from two to

six hundred feet in height. As we trace it westwardly, it presents but a

single ridge, and after having passed Teal lake, sinks down and becomes
lost. Where exposed by the lake shore, it exhibits lines of bedding and
obscure traces of ripple marks. These lines bear east and west, and dip

86° to the south, while the Potsdam sandstone abuts against the quartz, in

a nearly horizontal position. Some of the quartz beds in this vicinity en-

close fragments of jasper and slate, showing that they contain vestiges of

prior-formed rocks. The southern ridge—using the notes of Mr. Hill—pre-

sents a number of conical knobs rising from two to three hundred feet

above the surrounding country. In section 2, township 47, range 25, a
granite boss rises above the quartz, over which the strata are folded like a

mantle. In the north-east quarter of this section, a band of slaty lime-

stone, somewhat silicious, is seen beneath the quartz, bearing north-east and
south-west, with an inclination of 44° to the south-east. In the northern

part of section- o, the quartz is observed, with another band of limestone

interstratified, bearing nearly west north-west. The protrusion of the gra-

nite has displaced the beds and broken their continuity ; one portion shifted

to the south, was traced as far as the line between sections 9 and 10, while

• For a list of heights dptcrmiued barometrically, see Appendix, C.
i This rivor is generally I'liUed Dead river. It cannot bo from the sluggishness of its cur-

rent, for in the distance of thirty miles, if falls more than a thousand feet, abounding in
rap ds and cascades. Its true name is the River of Death. There is a local tradition as tc
some act of violence here ])oipotrated, which wo cannot now recall, and from which thd
river derives its name.
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another portion, shifted to the north, was traced westward into section 4.

The northern beds were found to be associated with a layer of limestone, or

compact marble, only a few feet in thickness. The northern ridge attains

a higher elevation than the southern, the highest point in section 6, being

five Hundred and ninety-two feet above the lake. The quartz has been so

far metamorphosed as to destroy the lines of bedding, but in other portions

of the range, for instance, near the Jackson Forge, it assumes the character

of a quartzose conglomerate, and exhibits distinct lines of bedding. A
granite protrusion occurs along the line between townships 47 and 48, range

§5, which has caused a displacement of the strata, many thousands of feet

in a linear direction, throwing one portion of the fidge to the south-west,

and another portion to the north ; and it is instructive to observe how far

the course of the Carp river has been determined by this dislocation. The
main branch curves around the southern outlier, while the affluent, known
as Alder creek, finds its way between the granite and the quartz.

In section 31, township 48, range 25, near the west line, another band
of compact limestone was observed, and thence traced westward, by Mr.
Hill, through sections 33 and 36, being well exposed in the escarpments of

the ridges. It is less silicious than that before described, variously colored,

white, ash-grey and flesh-red, and beautifully veined with tints of a deeper

hue. It calcines readily into lime, and affords beautiful ornamental mate-
rials.

Along the valley of the Carp, between Jackson Forge and Teal lake,

beds of novaculite, or fine-grained silicious slate, are found interstratified

with beds of quartz. It has been already quarried at several points, for

hones, and there is, even now, a considerable demand for them. The beds

are exceedingly fissile, and full of flaws at the surface, so that much of the

mass is comparatively worthless ; but it is believed that the blocks taken

from a greater depth, and beyond the action of atmospheric age.*?ts, will be
free from these imperfections. Messrs. Smith & Pratt have esUuJished a
actory for the purpose of sawing these blocks, at the mouth of a small

stream, near the Marquette landing, and are driving a thrifty business.

Between the quartz range and Dead river, the underlying rock consists,

in the main, of chlorite and talcose slates, intersected by three belts of

igneous rocks, ranging nearly east and west.

De la Beche, in reference to the greenstones and schistose rocks oi Boss-
iney, Cornwall, remarks that, " there is so intimate a mixture of compact
ana schistose trappean rocks with the argillaceous slates, that the whole
may be regarded as one system, the two kinds of trappean rocks having
been probably erupted, one in a state of igneous fusion, and the other in

that of an ash, during the time that the mud, now forming slates, was
deposited ; the mixture being irregular from the irregular action of the
respective causes which produced them ; so that one may have been derived
from igneous action, and the other from the ordinary abrasion of preexisting
solid rocks, they were geologically contemporaneous."

This description is applicable to many of the igneous rocks of this region.
They form neither long lines of dykes, nor axes of elevation, but broad
sheets, bearing the same relation to the slates that the trappean bands of

Keweenaw Point do to the conglomerates. Many of the slates appear to
be composed of pulverulent greenstone, as though tliey might originally
have been ejected as an ash, and subsequently deposited as a sediment, and
pass by imperceptible gradations, from a highly fissile to a highly compact
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state. In some places, for example, at Marquette and Presqu'isle, they

assume a spheroidal structure, as though after their deposition they had

k'en so far operated on by heat as to allow a rearrangement of the parti-

cles. Along the lines of volcanic action, we frequently find, throughout

this district, a green pulverulent substance, somewhat resembling chlorite,

and containing a large amount of magnesia and lime, which is probably iu

the nature of an ash. The same ingredients enter largely into the compo-

sition of many of the trappean rocks, for they possess a soapy feel, and

when reduced to a powder, elTervesce feebly with acids.

There are undoubtedly, at this day, beneath the bed of the ocean, nume-

rous " salses," which, from time to time, pour forth streams of pulverulent

materials, but whose operation is concealed from human sight. We know
that for weeks in succession, there flowed streams of chocolate-colored mud
fiom the crater of Graham's island, before it finally sank below the surface.

The contributions from this source, to the first formed stratified deposits,

have not been duly appreciated. This volcanic mud is nothing more than

tlie comminuted particles of trappean rocks, reduced by friction ; and in the

early history of our planet, when the fissures communicating with the inte-

rior were unfilled and volcanic energy was manifested more intensely than at

this day, it would be reasonable to expect that igneous causes contributed

as powerfully to the reduction of the preexisting rocks, as the ordinary

abrading action of water. The slates are composed essentially of the same
ingredients as the trappean rocks with which they are associated, and the

main difference between them may be, that the one was the product of

s ilses, ejected in the form of mud, while the other was the product of vol-

canoes, ejected in molten streams. It has been supposed that the talcose

nature of the slates associated with the igneous rocks was the result of

metamorpkisra, but the supposition that they have resulted in some
instances from the destruction of the latter, is quite as reasonable.

About a mile from the lake shore, on the road leading to the Jackson
Forge, a low range of trappean rocks, of a compact texture, and of a dark-

(Plg. t.)

Brecciated bomblende and feldspar rock.

lereen color, is intersected. Between the Jackson and Marquette landings,

Kv the lake shore, a similar belt is observed, which again appears near the

function of the roads, about four miles inland.

Another belt intersects _ the coast a short distance above the Marquette
landing, which does not differ essentially from those before described. The
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slates in the vicinity of these belts are compact, of a greenish color, and

traversed by different systems of joints, more distinct than the lines of bed-

ding, cutting the mass mto cuboidal blocks.

At Little Presqu'isle, another band of igneous rocks, of a highly crystal-

line character, projects into the lake. Distinct acicular crystals of horn-

blende are distributed in places through a paste of pure-white feldspar,

while in others, these two minerals are disconnected, the latter forming

beds of considerable thickness. Angular fragments of hornblende slate,

chlorite slate; jasper and a green magnesian mineral, are seen enclosed in

the mass near the water's edge, as represented in the preceding illustra

lion, (Fig. 1,) which may be regarded as a volcanic breccia. These frag-

ments seldom exceed a lew inches in diamete.

.

Like most of the rocks of this region, its surface is smoothed and striated

in a wonderful manner. Below the mouth of Dead river, a highly crys-

talline mass of this character emerges in the form of an island fifty or sixty

feet in height.

The main Presqu'isle consists of a dairk-green trappean rock, rising in

overhanging cliffs to the height of a hundred feet. A description of this

rock ana the relations which it bears to the sandstone will be given when
we come to treat of the Silurian system. Over this is depcsited a volcanic

tuff, imperfectly stratified, filling up the previous depressions, and attaining

a thickness of twenty or thirty feet. It presents a complete net-,work of

veins, a few lines only in width, which penetrate but a short distance into

the subjacent basalt. At one place, on the north-west sjde of the point, an

irregular vein bearing north and south is seen for two hundred feet in a

linear direction, in tins obscurely stratified tuff, which yields the su.';>i.irets

of lead, copper and iron, but not in sufficient quantities, to render its ex-

ploitation profitable. Asbestus is also sparingly distributed, and may be

regarded as a metamorphic product resulting from the pr-^sence of lime.

Traces of magnetic oxide of iron and black oxide of mangane&'e are detected

in some of the veins farther eastward.
Proceeding up the valley of Dead river, between sections 7 and 16,

township 48, range 25, the stream is precipitated from a height of twenty

feet over a ledge of schistose rocks, which exhibit distinct lines of bed-

ding and abrupt convolutions of the strata.

In the next range west (27,) the trappean and schistose rocks are frequently

exposed in the bed of the stream, consisting of alternations of tab"ose and

chlorite slates, and hornblende and feldspar rocks. They stretch out in

numerous parallel ridges, bearing north of east and south of west, and pre-

sent, for the most part, southerly escarpments. On the north-west quarter

of section 16, the river is precipitated in a series of rapids over the

former class of rocks, affording fine exposures for observation. On the

west boundary of section 6, in a high ledge which rises from the northern

bank of the stream, the slates are again observed dipping to the south at

an angle of 70°.

The stream here bears west-north-west, conforn ling to the direction oi

the strata. After flowing along the northern lin( ; of township 48, nearly

through range 27, it divides into numerous branc lies whose sources lie to

the north-west, in the region of the granite.

Proceeding southward from Teal lake, we first er icounter a ridge of trap-

pean rocks Avhich skirt its southern shore and rise a bruptly to the height of

two hundred foet above the lake-level, succeeded bj ' chlorite slates and vast



19 [4]

masses of specular and magnetic oxide of iron. As we shall devote a

special chapfCT to the character of these masses and their relations to the

associated rocks, a more minute description is here deemed unnecessary.

We would merely observe that in this region the iron masses are invariably

found in this association—never occurring in the granite.

These alternations of Irappean and schistose rocks continue, to near tne

southern boundary of township 47, and are characterized in many places

by the ores above described.

SECTION FROM LAKE St PERIOR TO LAKE MICHIGAN.

The coast near the head of Keweenaw Bay (L'Anse) affords an admira-

ble section of the slates and the overlying sandstone. (Vide Plate XXI.,
Figure 1.)*

The following is the descending order of succession :

1 and 2. Fissile sandstone—the equivalent of the Potsdam—dipping slightly

to the west-north-west, of a reddish color, and coarse-grained, passing

into a conglomerate composed of pebbles of milk-white quartz, and
occasionally trappoan pebbles—13 feet, resting unconformably on the

azoic rocks, consisting of
'

3. Chlorite slate and novaculite, or silicicms slate, variously colored, and
much contorted—in places folded over

4. A dark hornblende and fi!ldspar rock evidently trappean in its origin.

Formations 3, and 4, arc traversed by veins of quartz which in no case

penetrate the overlying sandstone. The slates sire also occasionally

intersected by dykes of trap. (5)

This section is exceedingly instructive, inasmuch as it enables us to draw
a line of demarcation between two formations different in age and external

characters. While the newer formation—the Potsdam sandstone—is but

slightly if at all disturbed and little changed by metamorphism, the older,

or azoic slates, are contorted and folded into numerous arches, and in seve-

ral places, invaded by igneous rocks. Their structure lias been changed
from granular to sub-crystalline, and the whole mass is intersected by nu-

merous planes of lamination.

These slates are displayed for three miles along the south-eastern coast of

Keweenaw Bay, and, within that distance, exhibit several distinct convolu-

tions, alternately convex and concave. This structure is probably charac-

teristic of the whole of the azoic series, but it is nowhere so beautifully

shown as along this coast, for the reason that it is im])osf ible to meet with

equally extended sections inland. Even where, at the surfoce, the strata are

apparently vertical, if we could trace them downward, (hey would proba-

bly be found to form parts of flexures more or less abrupt. The upper

portions of these flexures are, for tlie most part, imperfectly traced, for the

reason that they have been removed by denudation.

The section displays in a very remarkable degree those planes designateo

as planes of lamination, represented by the highly inclined lines. (Plate

XXL, Figure 1-6.) llowevcr great the foldings of the strata, which may

* The geology and topography on a sonthcrly line between Lake Superior and Lake
Michigan is illustrated on the General Section, it is but jnsticc to ndd that in the explora-
tion of this regiou, us well as in the preparation of the section, wc wore assisted by Mr. S.
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be traced by the variety of colors, these lines pursue a parallel direction,

only an inch or two asunder, sometimes coincidmg with those of stratifica-

tion, and sometimes intersecting them at greater or less angles ; thus showing

that the materials composing the mass have undergone a rtSarrangement

since they were first deposited,—a result probably due to the operation of

some great law of crystallization, as yet but imperfectly understood.

The lines of lamination dip towards the south, or away from the axis of

elevation, and the separation of the blocks is more easily effected in this

direction than along those of stratification.

Professor Sedgwick was the first geologist to describe these lines, and

their uniformity of strike. In the gorge of the Wye, they were observed

to cut mountain mnsscs from the summit to the base, preserving throughout

a strict geometrical parallelism. He is of the opinion that no retreat of

parts, no contraction in dimensions in passing to a solid state can account

for the phenomenon, but that it must be referred to crystalline or polar

forces, acting simultaneously and somewhat uniformly in given directions,

on large masses, having a homogeneous composition.*

At tne head of the bay, the slates reappear and exhibit the same folded

structure. They are somewhat changed in their lithological character,

taking into their composition a larger amount of chlorite. For a mile or

more, they are exposed along the bed of Fall river, and, in places, are suffi-

ciently fissile to be employed for roofing purposes.

The silicious beds noticed as occurring on section 25, form a very tolera-

ble material for the coarser kind of honos, or whetstones ; although the

substance is somewhat friable, it has a sharp grit. The IndiaJiS frequently

resort here to obtain pipe-stones, which they work into curious and fantas-

tic forms.

Along the northern flank of the granite, the slates are obscurely traced,

their presence being indicated only by occRsional fragments strown over the

surface, or by low ledges in the beds of rills. As we approach the granite

axis, the detrital rocks become more crystalline and exhibit in a more
marked degree the effects of metamorphism. About a mile and a half

south of the line between townships 50 and 49, range 32, (vide the

general section appended to the report,) gneiss was observed flanking a

range of well characterized granite. Between this point and the head of

Keweenaw Bay, about eight miles distant, the following is the order of

succession of the rocks.

• The experiments of Mr. Robert Were Fox seem to point to voltaic agency as tho cause
of those phenomena. lie succeeded in producing lines of lamination in clay by long- con-
tinued voltaic action, the planes of the laminse being formed nt right angles to tho electric
forces. He considers that the general laminated siructuro ot the elay in these experiments
appeared to indicate that a series of voltaic poles were produced throughout the clay, the
symmetrical arrangement of which had a corresponding efli'ct on the structure of the clay,
and that this view was contirmed by the occurrence in several instances of veins, or rather
laminifi of oxide of iron or copper, according to the manner in wiiicli the exjjeriment.s were
conducted. He considers the jH'evailing direction of the electrical forces, depending
often on local causes, to have determined that of cleavage, and the more or less heteroge-
neous nature of the rock *.o have modified the extent of their influcnoe.

—

Keport of the

Polytechnic Hocitlij of Coniwall, quoted by Dc la Bi'riie.

Mr. Darwin states that the ore of" tho gold mines of Yacjuil in Chili is ground into an impal-
l)able powder, which is washed and the sediment collected in a pool, vJiich after having
subsided is thrown into a heap. Chemical action then ensues, various salts effloresce on the
Kutface, tho mass hardens and divides into concretionary fragments. These fVagments were
observed to possess an even and well-defined slaty structure, but the laminaj were not in-

clined at any uniform angle.— Travels in South America,
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1. Granite rising m a ridge over a thousand feet in height, and bearing

north of cast and south of west.

2. Gneiss, with a large amount of mica.

3. Compact hornblende, with silex in places predominating.

4. Chloritic, argillaceous and nilicioiis l.ites.

Passing over the granite which forms a zone ten miles in width, and rises

in places to the height of twelve hundred feet, being the culminating

point between the two lakes, the azoic rocks reappear. Near the centre

of township -IS, range '2i, on the southern Hank, the following was the

order of succession observed.

1. Granite, ranging nearly east and west.

2. Quartz and feldspar passing into granular quartz.

3. Compact hornblende, traverserl by numerous joints.

4. Magnetic and specular oxide of iron, with thin laminae of white, granu-
lar quartz.

This association of rocks was observed north of a small lake known
las Sagiagans, which forms the first link in a chain extending as far east as

range 30. It is one of the sources of the Menomonee and lies one thousand

land forty-nine feet above its embouchure. On the north, the granite rises

lin precipitous ridges, with rounded summits, while to the south, the coun-

jtry occupied by the slates stretches out in low, marshy plains. On a rocky
lisland near the northern border of this lake, there occurs a hornblende and
Isilicious s^ate with thin lamina of magnetic oxide of iron. Passing through
|a tortuous channel, bordered on either side by marshes, we emerge into a

second lake of about the same dimensions. Granite is observed on the

lorth in conical hills, three and four hundred feet above its surface. Be-
veen the second and third lake, there occurs a portage (No. 1,) where the

stream descends twenty-four feet in the distance of three-fourths of a mile,

iside from the descint, the channel is obstructed by numerous boulders of

lornblende and granite. In section 31, township 48, range 31, loose

lasses of honiblciide were observed containing a large tmount of magnetic
Iron. The compiiss here exhibited great perti^bation, and in one instance

Ihe poles were reversed. In passing o\er this portage, numerous blocks

y compact and slaty iron ore were seen strown over the surface, but no-

where in place.

Portage No. 2, is a short distance east of the entrance to Machi-gummi,
Ir Big Lake, and tlie trail winds around the base of an elevated knob for

liree-fourths of a mile.

Machi-gunuiii is among the most beautiful of the inhuii! lakes of this

Bgion. It is ill the form of a crescent, and elevated 1014 I'eet above Lake
Superior. The numerous islands which dot its surface consist of dark-

reen, compact hornblende, jointed, and perhaps bedded. A range of

lilar rocks borders its northern margin, cropping out in mural cliti's, two

id three hundred feet high, crowned with stunted cedars and spruces,

fhe southern shore is lined with similar rocks, intermingled witli patches

irk-grecn slates, corrugated on their surfaces, and displaying distmct

Ines of bedding, which dip nearly vertically.

All along this chnin of lakes, the aberrations of the needle are great, and

pdications of iron abundant. To William A. Burt, Esq., is due the credit
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of having first determined the existence of these beds and proclaimed (heir

value.* On the north side of Mat-hi-gummi, in numerous places, an impure
variety of magnetic iron is seen associated with hornhleiidc or (juart/, pre-

senting a banded structure. On the southern shore, Mr. Burl observed a

bed along the south boundary of township AS, range oO, Mclicn ol, having

a granular structure, a dark brown color, and l)earii)g soiilh-wcst ; hut it

was exposed to no great e\<en(. Another bed associated with a rock in

which quart/; largely predominates, was observ<'d on \hv ? outh side of

section 3o^ forming a knob twenty I'eet in height. It was lamiiiiited and
jointed, the lamina^ bearing \\. S. W., and dipping HO" fl. 8. K. Fu range

29, on the south side of section ''\2, a ledge of iron ore t JL'lit led in height

crops out for the distance of neai-]y seventy-five cl)ains ; coiiise W. N. W.
Mr. Burt describes it as variable in richness, structure granular, lustre

in fresh fractures metallic, highly magnetic and sometimes possessing

polarity.

Another bed is described by him as occurring in range 28, on the south

line of section 83, in the forni of n knob fifty feet in height, jointed

and banded, resembling a brovNii hematite with a largv admixture of

quartz.

At the outlet of the lake, the stream, increased by nmnerous afTluents,

expands to the width of sixty feet, with an average (!ei)(h of two and a

half feet, and takes the name of Machi-gamig,— or. The river Jlowhig

from a large lake. It winds its way tlu'ough sU|X.'rficial deposits which
conceal all traces of the subjacent rocks, until it reaches township 46,

range 20 and 30, where it forms a lake-like exparision. A chain of hills

two hundred feet above its surface, approaches frcni the left to near the

water's edge. On exploring this I'ange, we found that it consisted of a

mass of specular oxide of iron, portions of which v.-ere of sidlicienf purity

to be prof!tii[)ly wrought. Fo;- the distance of eig'ity ieet from the Avater,

the rock is concealed by soil sup})()rting a dense growth of trees ; it then

shoots u]) in a perpendicular cliff to the height of onc^ hundred and thirteen

feet. We passed along the base of this cliff for a (]tKirter of a mile seeking

for some gap through which we might ascend to the summit, imtil at

length, alter much toil and by clambering from one jirojecting point to

another, v.'e succeeded. Passing back from the brow of the cliff lor fifty

feet, the mass was found to consist of micaceous and granulai- oxide of

iron: to this succeded a band of white, granular (iuartz, witii particles of

iron, disseminated, and, also, laro;e I'ounded masses cf the same material in

the nature of a conglomerate, or pciliaps, a l)reccia, fifteen feet in thick-

ness, succeeded by specular Ik^ii exposed in ])la(<s to the width of one

hundred feet, to where the soil and frees concealed .11 further traces. This

iron for the most part, contains thin lamina? of qeartz ai'ranged in parallel

plates, bearing, so near as we could judge,—for th" day was dark and rainy

and a compass was of no avail,— north of west am' inclining 82° north-east,

—corresponding with the stiike and dip of the ({u -liy. rock. Other jiortions

present a granular structure and are highly ma:Mietic. Veins of quartz,

with iron ghmce, cut tlirough the mass, presenting external characters

altogether diiferent from those of the containing vock. 'I'liis ridge crosses

feetAa •>n , 1 , I i...,.i
mill 1 ).-5>.:,-i in \vil iiiiliuitu iilitl ijllic;

• Vide his I'qioit oii Townslii]) Tii^('^i, for 18!<i. Litiid flllii't' Docmni'uls for 18l!)-50.
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above Lake Superior. Here, in this cliff, is sufficient iron, though not as
rich as that of the Carp river region, to supply the world for centuries.

Above portage No. 4, in sections 1 and G, according to Mr. Burt, on the

right bank of the river, a similar ore ajjpears in a ledge from twenty to

fifty feet in height, dipping 80" to the south-south-east, of an iron-black

color, passing into steel-gray, often resembling very fine cast iron. Another
bed of similar character, was oliservcd by him on the east boundary of
township 47, range 29, twelve chains in length, rising in a cliff to the

heighth of fifty feet.

After leaving this portage there is an interval of several miles along
which no rock is exposed. 'IMie talcose slates probably here prevail, which
'are more easily denuded than the dos'-ly-graincd and firmly-cemented
hornblende rocks, but on a])proaching section \l\, township 46, range 29,
the latter reappear in ilark-green masses. Their external characters indi-

cate the proximity to a line of igneous outburst, and on the adjoining sec-

tion south (section 5, township 46 range 21,) the granite appears in low,
rounded outcrops, and occujiies a belt live miles in width, flanked on the

south by hornblende, presenting the same lithological characters as that on
the north.

A short distance below the mouth of Fence I'iver, (township 44, range
27 and 28), the left bank of the Maohi-giimig is lined with ledges of com-
pact and crystalline limestone, rising in places to the height of thirty feet.

The lines of bedding bear north-east aiicl south-west, and incline 36° to the

south-east. Its prevailing lint is flesh-red, inclining to bluish or ash-grey,

intermingled with irregular veins of a deeper hue. It is well adapted to

ornamental purposes, and for richness oi effect is not surpassed by the highly

prized foreign marl)les. Iriegular bunclies of quartz are scattered through

portions of the mass; but, with suitalile care in the selection, slabs of con-

siderable dimensions may be obtained. Three-fourths of a mile below, it

is again exposed in the left bank of the stream, bearing north 48^ east, and
dipping nearly vertically, flanked on the south by a bed of argillaceous

slate. This slate again appears about a mile below the moulh of Night-

watching river, so highly indurated that the lines of liedding are very

indistinct, while those of lamination are very conspicuous. At portage

No. 7, the slates rise in clifls one hundred and fifty or two hundred feet

above the stream, presenting precipitous escarpments to the south.

On the north boundary of this township (43) Mr. .John iJuil observed a

bed of specular iron of considerable thickness and purity, liuf we failed to

detect its presence in the river banks.

Below portage No. 7, the rocks consist of alternate ])ands of argillaceous

and hornblende slates. At portage No. 8, the latter roclvs are admirably

exposed in a nearly vertical position, bearingnorth 80' e.isl. Tliey are fis-

sile, of a dark-brown color and contain acicular crystals of amphibole.

At portage No. 9, (near the south boundary of township 1'2, range 31),

the granite pierces through tlie incumbent strata, fiuiniag an axis of eleva-

tion in an east and west direction. On either side, corresjionding alterna-

tions of hornblende and mica slate are observed, and altogether this section

aaords one of tlie most beautiful

found in the district.

impk

At portage No. 10, a mile ;urJ a half below, mica slate is exposed dip-

inif south ^'AT , and is ag;iiii succnMled by hornblende slate whicli continues

Hi

'i
'

liing sou

1o tlie junction of the Machi-grniiig and Brule rivers, where! the united
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streams take the name of the Menomonee, (Indian, Wild-rice river.) The
water of the former river is here precipitated from a height of twenty-four

feet over a ledffe of this rock which rises in sharp ridges on the adjacent

banks. The direction of the laminae, at this point, is north 72° west, dip
69' south-east.

As we descend the Menomonee, the hornblende and mica slates are found
to graduate into chlorite and argillaceous slates. At portage No. 1, alter-

nations of these rocks are observed—course north of west with a southerly

inclination. At portage No. 2, the chlorite slate forms an abrupt ridge
;

the mass contains numerous vesicles filled with calc-spar—one of the few-

instances observed where the slates assume a porphyritic appearance—course

north 75° east,—dip 75° southerly. The Twin falls break through two
parallel ridges of these slates. Here, they are of a dark-green color, in

some places fissile, and much plicated, but in others compact. Associated

with them are seams of quartz ranging and dipping with the enclosing

rocks. They often contain scapolite, and the sulphurct of iron and
copoer. The metallic contents, however, of these seams were regarded

as worthless. Aside from their conformable inclination and bearing, there

can be no doubt that they are contemporaneous with the slates and in the

nature of beds, not veins ; for, among the loose fragments in this vicinity

we procured specimens of quartz whose surfaces were beautifully ripple-

marked, while on cross-fracti're they presented a compact or sub-crystalline

structure throughout. These water-linos are so beautiful and regular that

we have thought proper to append a sketch of them, (Plate XXI., Figure

2.) They clearly prove the mechanical origin of the rock, and do they

not, also, throw much light on the origin of the associated schists ? The
compact texture may be regarded as the result of metaraorphism ; and
while this agency has thus modified its internal structure, it has failed to

deface the mould, or flask, in which it wss encased.

At the Upper falls the strike of the rocks is nearly at right angles to the

course of the stream ; but at the Lower falls the contortions arc so great as

to bring the strike parallel to its direction.

The whole of this region bears upon its surface the marks of powerful

abrasion, resulting from the drift agency. The rocks are worn bare,

rounded, polished and scratched. Sand, gravel, clay, angular fragments of

rock and boulders, are mingled together confusedly, and piled up in ridges

a hundred and fifty feet in height. At this point the striae on the rocks

bore north 65° east.

Between the Twin falls and the mouth of Muskos river, the compact
hornblende prevails ; but, at the rapids above the latter point, the fissile

slates appear with occasional plications. A short distance below, are seen,

along the banks of the Menomonee and in its bed, angular blocks of ash-

grey limestone, some of which contain 2000 or oOOO cubic feet, and con-

tinue for the distance of half a mile. From their magnitude and angularity,

and from their limited distribution, v.-e iaferred that the parent mass must

exist in this vicinity ; but the hills, which here rise to the height of two
hundred feet, are covered wilh drift, and their summits are strown with

boulders arranged in lincy, among which Mr. Desor recognised blocks of

limestone similar to those in the bed of the river.

Within township 09, range 30, occur two of the most beautiful cascades

of the Menomonee, the Great and Little Eekuenesec. TFor a sketch of the

former; see Part I. of our Report.) Above the Upper talis, the rocks con-
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sist of black, compact masses of serpentine, exhibiting few signs of bedding,

but traversed by several systems of joints. They talce into their composi-

tion a large amount of magnesia, and appear under different forms, such as

hornblende, steatite, serpentine, &c.

At the head of Great Bekuenesec falls, is seen a rock which bears

marked evidences of igneous protrusion. It does not appear to have cut

the strata, like basalt oV greenstone, in long dykes ; or to have flowed over

the surface, like the bedded trap ; but, rather, like granite, to have been

elevated in a pasty condition through a widely-extending fissure. Like

the granite, too, it presents a highly crystalline aspect, and is cleft by nu-

merous divisional lines into cuboidal blocks. Mineralogically, it might be

classed as protogine, being composed of feldspar, quartz and talc, arranged

in minute crystalline plates ; but geologically, perhaps this classification

might not be recognized, since the protogine of the Alps belongs to a much
more recent epoch. Occasionally, hornblende replaces the talc, when it

passes into well-characterized .>yenite.

Near the foot of the flills, "a bed of drab-colored, talcose slate, in a

nearly vertical position, is seen ranging north 70° west : to this succeed

dark masses of hornblende, or, perhaps, the term serpentine would be more

appropriate. Its texture is compact, and in other respects different from

the crystalline mass before described.

These serpentine rocks reappear at the head of Little Bekuenesec falls,

while at the foot, the drab-colored and silicious slates are exposed, bearing

east and west with a southerly dip of 80°. Beds of quartz, containing

brown spar and chlorite and magnetic oxide of iron, in octohedral crystals,

and copper and iron pyrites, are here observed, but they offer no induce-

ments for mining entorprisr^.

Between tliis point and .Sandy portage, the dark-colored slates appear on

the left, in vertical cliffs, rising in places to the height of two hundred feet,

and where they assume a compact structure, resemble basalts. The trail

across the portage winds around hills of drift-sand one hundred and fifty

feet in height, but along the river-banks the slates are occasionally exposed

in a nearly vertical position.

The serpentine rocks largely predominate between Sandy portage and
Sturgeon falls, often appearing in masses having rounded outlines, and tra-

versed only by divisional planes ; but, at other times,—for example, near the

head of the falls, — they display a bedded structure and pass into steatite.

In passing this portage, a ridge is intersected bearing north of east and
south of west, having very much the external characters of granite, but

mineralogically, it approaches protogine. It is traversed by different sys-

tems of joints, which cleave the mass into cuboidal blocks ; here are also

irregular fissures filled with magnesian carbonate of lime and serpentine,

with traces of carbonate of copper, but they have not the regularity or

the productiveness of true veins. Near the foot of the falls, is seen an

entangled mass of slates, cuneiform and about twenty feet in thickness.

Similar patches of slate are seen intercalated among the dark-green igne-

ous rocks, as we descend the stream. The gradations between the crystal-

line, massive, porphyritic and fissile varieties of rocks are infinite, and seem
to set at defiance all attempts at class! ucation.

At Quiver falls, the rocks in the main are finely granular, but occasion-

ally, crystals of red feldspar arc seen disseminated through a light-green

'I
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base. At the head of the first island below, a liighly crystalline green-

stone is seen, and to this succeed the compact varieties.

At Pemenec falls, the rocks assume a basaltic structure, being dark-

green, close-grained, and possessing a high specific gra^ity. They are tra-

versed by numerous lines of division, dividing the mass into cubic blocks.

Veins of quartz arc observed near the foot of the foils, three or four inches

in thicknt^s, associated with broAvn oxido of iron, bearing nearly cot and

west, and dipping 28^^ to the north.

This rock, occasionally porphyritic, prevails as far down as Chippewa
island, whore it comes in contact with talcose slates, of a light red and
grey color, beautifully variegated, bearing north 85° west, and inclining

but a few degrees from a perpendicular. Between the two, there is a

pretty distinct line of demarcation. At the immediate point of contact,

the hnes of bedding are destroyed, but a foot or two removed, they become
conspicuous. There is much sulphuret of iron, in the form of cubic crys-

tals, disseminated through the serpentine rocks. Near the foot of Chip-
pewa island, the slates become porphyritic, containing large crystals of red

ieldspar, and the dark serpentine rocks are seen in proximity. Numerous
alternations of these compact and fissile rocks arc observed in this vicinity,

the former occasionally changing to a crystalline structure.

Near here, on the left bank of the river, the Potsdam sandstone is seen

reposing in a horizontal position u])on the upturned edg.es of the slates and
filling the preexisting depressions in the serpentine rocks. A detailed de-

scription of this point will be given when we come to treat of the Silurian

system. A few miles farther down, the following section (Fig. 2,) was ob-

.SL'.'vcd Ir, Messrs. Whittlesey and Desor.

Fig. ii.

i
Junction of the Azoic and Silurian Series.

1. Drift. 2. yancistone, horizontal, 3. A inass of brittle, red oxido of iron, or red

chalk. 4. Sci'pcnlinc rock.

The drift here lonns a bank sixty feet in height, and although the sand-

stone is not seen in iintiiediate contact with the other rocks, there can be

no doubt of the order of superposition. The layers are nearly horizontal,

and consist of coarse-gi'ained silicious particles, of a yellow color, and
slightly coherent. At the water's edge, a reddish slaty rock, impregnated

with the iieroxide of iron, is observed, the Inminn^ inrliiiino" slifjhtly from a

perpendicular, while a liUlc farther removed, a mass of serpentine rock is

displayed in the same posiliion.
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>f iron, or red

Below this point, the compact serpentine rocks largely predominate over

the schistose, and are seen at short iuttMvals in tlie Lied ol" the stream, as

far down as the mouth of Pike river. Bands of quart/i are, also, found in-

tercalated. The underlying rock at Ihe White Rapids, according to Mr.

Desor, is of Ihis character, with the Potsdam sandstone reposing unconfor-

mably upon it, and tilling up a preexisting depression in its surface.
_

Tile beds of sandstone above describfd may be regarded as outliers of

the great zone which encircles all of the granite and a^ioic rocks of this

region. On the geological map wo have extended it as high up as Chip-

pewa island, where it was iirst observed. Here, probably, were its

ancient limits, and the underlying rocks were laid bare during the drift

epoch, when the whole of this region was {jowerfully abiaded.

From the White llapids to the mouth oi the Menomonee, about thirty

miles distant in a linear dii'e(;tion, the country is successively occupied by

the lower groups of the Silurian system ; first, by the Potsdam sandstone,

extending to near the Grand Rapids ; next, by the calciferous sandstone,

reaching within sixteen miles of Green Bay ; and next, I)y tlie Trenlon

limestone, occupyi';?; the intervening space. Tiiey repose conformably

upon one anothei- aii.i incline at a very slight angle to the south-east. A
description of these rocks forms no part of the subject matter of this

chapter.

The topographical features of the region, along the line of the section

just described, are somewhat striking. The explorer, leaving the waters of

Lake Superior, passes over a succession of parallel ridges, with rounded

outlines, rising higher and higher, until he attains the summit level—1200
feet—within about twelve miles of Keweenaw bay, when he strikes the

sources of the Menoraonee. Following along a londitudinal valley occu-

pied by a series of beautiful lakes and meadows, he comes to where the

waters are accumulated in one great resorvoir, 1014 feet above the level of

Green Bay — whose outlet is through a transverse fissure in the hills.

With a frail canoe and a couple of attendants, he commences the descent of

the Machi-gamig. Day after day, he glitles along the wooded banks, with-

out encountering a trace of man ; rimnirig, with i-ace-horse speed, the nu-

merous rapids ; or, wlicre too formidable, he lands anil makes the portage.

At night, he draws up his canoe, and camps b(>neath the shelter of a clump
of pines. Occasionally, he observes traces of the otter and beaver, and *^he

tracks of the bear, the wolf, or the deei-, impressed upon the sands by the

river margin.

The valley of the Menomonee has an uninviting aspect. The fires of

the Indian have repeatedly swept through the woods, destroying the prime-

val growth, and the charred and branchless trunks rise up above the birch

and aspen which have subsequently tak(>n root. Abrupt ridges, attainino"

no great elevation, traverse the couiitry i)i an easterly and westerly direc-

tion, and serve to relieve the dreary monotony of the scene.

The river itself abounds in lapids, cascades and water-falls ; and these

are so numerous and formidable that it cati never l)e navigated, except by
canoes. It drains an area of not less than 1200 square miles which offers

few inducements to the agriculturalist.

f-
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To illiistiafe still farther the relations

appt'iid the lollowi/ig

:

CO

'A

of the different formations, we

quotedThe sultjoined intbrmation is

from the MS. of Mr. Whittlesey.
" On the elevation ahout a mile north of

the line between townshijis 41 and 42,

are seen very large blocks of saccbaroi-

dal limesto)ie, quartz, f>ranite, greenstone,

and specular oxide >'' iron. One com-
posed of quartz and feldspar was 8 by JO
by 12 feet.—One of variegated marble,

green and white, was 4 by 12 by 8. I

saw but two exposures of the latter rock,

one on section 35, the other on section

36, due east. The beds were nearly co-

vered Avith debris and scarcely observable

at the distance of a rod. The iron rep-

resented by the large blocks cannot be far

distant, although I saw none in place,

nor did the surveyor, Mr. Euri, in run-

ning the township lines. The; needle is

not as much affected here as is usual in

vhc vicinity of iron, in fact, the pieces

which I broke from the blocks did not

sensibly disturb it. The variations given

by Mr. John Burt, in 1849, were as fol-

lows : At the S. W. corner of section 34,
0° o' E. ; one half of a mile N. along

the W. side of 34, 6^^ E. : which is near

the average variation of the place with-

out disturbance. At the middle of the

west line of section 35, or Ofie mile east

of the last station, it was 15'-' 15' E., and
one mile farther E. 9^^ 30' W. On the S.

E. quarter of section 36, it was 3*^ 5' E.

and a few rods N., 18^ 30' E. ; but both

of the above extreme variations were ta-

ken near large b'ocks of iron.

Most of the iron is of a dull -black

color, massive and tcugh, containing silex

in the form of chert, approaching horn-

stone; but much of it is quite pure yield-

ing from fifty to seventy-five per cent, of

ore.

The limestone is sometimes of a yel-

lowish tinge, resembhng the calciferous

sandstone, or lower magnesian limestone ; but at other times, it is pure-

white and green, beaulifully mingled, and is adapted to ornamental pur-

poses.

The space between this iron and marble ridge and the next elevatiun
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south is covered with a swamp which is drained by the waters of Cedar

river, near its source. It is doubtless underlaid by a confused mass of

hornblende, quartz and granite. These rocks are exposed for several

miles to the south : in fact, I saw them about a half mile to the east ot the

swamp. The alternations of these rocks represented in the section for

three miles present features strongly contrasting with the surrounding coun-

try. They are for the most part, denuded, and show sharp, steep faces

from twenty to eighty feet in height, bearing east and west, the escarp-

ments being on the south side. Red and smoky quartz are abundant. There

are, also, quartz veins and masses of quartz withm the hornblende and
granite. The northern portion of these crags is generally hornblende,

fibrous or compact: the granite contains silvery mica and occasionally

passes into syenite.

From these rugged rocks, we passed to a region of pines, growing upon
rolling land, composed of sand and drift, which conceal the rocks for three

miles, consisting probably of taloose slates, as st' i a few miles west. These
slates have been more powerfully abraded than the other rocks, from their

fissile structure and their yielding nature.

On the Correction line between townships 40 and 41, is a mass of vesic-

ular quartz which presents a remarkable appearance, resembling the fibres

of fossil wood. The dip is N. W. by W. at a high angle. It is of a red,

or yellow color, atid at first was mistaken for sandstone. " On the north

sMe of the stream, " quoting from the notes of Mr. Desor, " it forms a ledjjvi

twenty-five feet in height ; but on the opposite side, bluffs of pure whviie

quartz rise from one hundred to two hundred feet in height. It is appa-
rently bedded and cut through by joints, extending from the summit to the

base. At one place near the line, it may be seen passing into a hornblende

slate, and still farther north, into gneissoid rock. Proceeding east, we
found the rock assuming a gneissoid appearance, sometimes in layers and
sometimes compact. As a general result, it seems to me that the quartz

rock and hornblende are but a variation of the same thing. At the second
section corner the rocks rise high, smooth and rounded to the north,

but precipitous to the south. One fourth of a mile farther east, is a ridge

of black hornblende with intercalated seams of quartz.
"

About three-fourths of a mile further south, on the line of the profile,

the quartz is again observed in thick beds dipping west at an angle of 25°,

portions of which possess a remarkable fibrous structure.

Ascending from the Sturgeon river to the south, the slope is covered to

nn unknown depth with large water-worn boulders of igneous rocks, and
some few of metamorphic origin, with very little earth intermingled.

We had before observed this phenomenon, but n ver in so marked a degree.

This collection covered the nortuern face of two successive ranges. The
v-ubjacent rock is doubtless the slaty talc seen near some small lakes, two
miles west.

On the north side of Lac Furaee, or Smoke lake,* in section 23, town-
ship 40, range 30, there is a sharp and elevated ridge rising apparently to

• For the want of a better name, I call this sheet of water Smoke lake. It was a dark
and rainy day when we made our examinations. Following the section line to its northern
siiore, we were obliged to build a large fire on a terrace about one himdred feet above its

Bi irfdce, in order that, after we had ninde the tour of the west end, we might know by setting
ti>e compass when we were opposite the line. The Canadian voyageura aa they looked back
and saw the ascending column of smoke, exclaimed « Lao Fumie ' Lao Fumee .'"

:1|
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the height of three hundred and fifty fiit above the ]al>c, whieh I estimate

at two hundred feet above the Little Hekuenesec falls. This ridge is an

outlier of the loAver portion of the Silinian roeks ; the Potsdam sandstone

and caiciferous sandstone are found resting undistuibed upon the azoic

rocks below. The junction is not seen, !)ut there can be no doubt that this

is their relative position. Farther to the south-east, I saw (he sandstojie

in two places in the same position, the talcose slates existing not far dis-

tant. The slopes of the ,iills on both sides of the lake are composed of

heavy masses of coarse drift effectually concealing the rocks. The summit

on the south is more elevated than the base of the Potsdam sandstone, but

shows no trace of that rock. In its lithological characters, it may be de-

scribed as a soft rock, composed of grains of silex, of a reddish-brown

color, with a few black and red jaspery pebbles interspersed. Notwith-

standing its softness, arising from the want of adhesion between the parti-

cles, it resists the weather perfectly well. The exjiosure is slight, but

distinct, and extends along the northern slope of the ridge for a quarter of

mile.

The caiciferous sandstone, which reposes conformably upon it, is here

about one hundred feet in thickness, and comes to the surface at the sum-
mit. This does not represent the entire thickness, Ihe top having been

denuded. It is impossible to determine the thickness of the Potsdam sand-

stone here, but, about two miles to the south, I saw at least one hundred

and fifty feet of it exposed. The caiciferous corresponds perfectly, in ex-

ternal characters, with that of the Wolf and Oconto rivers, in Dr. Owen's
district. No traces of organic remains were observed.

On sections 34 and 35, the compact marble belonging to the azoic sys-

tem appears in ledges from ten to sixty feet in height, dipping N. E. by E
70°, but there is little uniformity in its strike or inclination, and but slight

traces of bedding. Its prevailing color is a pale blue, like that at Muskos
river, beautifully marked with white, green and red stripes. It can be

quarried jn large and solid blocks, is susceptible of a high polish, and
would afford a highly ornamental material for many architectural purposes.

Here the fluctuations of the needle arc so great as to indicate the prox-

imity of a large mass of magnetic iron, although none was observed within

three or four miles to the west. At a })oint one mile west, the variation is

given by Mr. Mullet, the linear surveyor, at 90^ 30' E. ; one half mile

farther west, at 35° 50' E., and thence, being frequently taken for the next

half mile, gives 164° E., 48° 30' W., 22° 45' W., 47° 30' W., 17° 25' W.,
and 10° 30' W. ; turning north one half a mile, it was 0° 45' E.
On section 30, about four miles north-west by west, from where the pro-

file cuts the line between townships 39 and 40, is a conspicuous iron moun-
tain, which extends towards the seat of these vaiiations. There is, also,

near the north-west side of Lac Fumee, on the huge drift hills, which cover

the rocks to the depth of one or two hundred feet, a great local disturb-

ance. The state of the country is such as to render geological explorations

difficult, being covered with bushes and burnt logs.

There are, on the upper Menominee, large tracts of land oiiginally

covered with pine, which have been prostrated by hurricanes and after-

wards burnt. These districts are called " brules." The second growth
consists of white birch, aspen, pine and hazel. The fires of the Indians

frequently sweep througli the new growth, destroying it, and giving room
for another growth. The explorer, therefore, commands a view of little
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more ground than tltal on wMch he stands, and may pass very near a low

exposure of rock and not see it.

The " Iron ridge" to the south-west of Antoine's lake, is the only ex-

posure of ore I saw in place, and this, for the most part, is covered with.

J rift. It probably extends along the range south of I. 'ce Antoine and Lac
V<'uraee, to near the meridian of the profile, betweci .sections 34 and 35.

The variation at the iron ridge is 17° E., and proceeding one mile east, it

is successively 0° 00', 18° W., 22° W. and 15° 30' W. I do not consider

riuctuations in the needle as an infallible sign of the proximity of iron, but

'<?. very good sign. There arc other rocks wnich affect the needle, and there

are beds of iron which do not affect it.*

Between this exposure of limestone and the Menomonee river is an ex-

tensive plain of sand-drift covered with dwarf pines. On the east and next

to the river, this heavy deposit of loose materials assumes the form of hills,

and water-worn gullies, and rests upon the talc>)se rocks which appear in

the river banks, especially at the Twin falls, the Great and Little Bekuene-
ific falls and at the Sandy rapids. There are patches where the rock is

laore ferruginous and compact, like greenstone, but the mass is either

^.'aty or compact talc.

The mass of specular and magnetic oxide of iron in the south part of

lownship 40, range 30, is believed to be the most southerly of all the beds

ot' this region. It is exposed at the wes*; end of a hill about one hundred
feet high, rising to the east one hundred and fifty feet, and occupying a
width of from one hundred to two hundred feet. Nothing but slaty ore

is seen for the distance of forty rods or. the summit. At the sides, as we
ilescend, the drift and boulders have been piled up around the mass. It is

a specular ore, of a bluish-black color, fine-grained, and gives a red streak.

On the south and east, there is an abundance of wood for charcoal, and
the water-power of the stream near the ore is unlimited. The Menomonee
is not fitted for navigation, and hence the outlet for these ores should be
through Bay des Noquets, forty-two miles distant.

"

Thickness of this System. Foldings of the Strata.—All attempts to

estimate the thickness of the various schistose, calcareous and quartzose

beds, must prove merely approximative. They occupy a belt which in its

widest expansion reaches not less than eighty miles in width, and wherever
exposed, have an inclination approaching verticality. If we were to deduct

tne spaces occupied by the purely igneous rocks, and then measure across

tve basset edges of those supposed to be sedimentary, the result would
f,\ve us an incredible thickness—a thickness far surpassing that of the whole
.series of rocks heretofore observed, from the base of the Silurian to the

crowning member of the tertiary. It is highly probable that the beds are

arranged in a series of flexures resembling those represented in Plate XXL,
Figure 1, but with broader and deeper curvatures, and that the observer, in

passing over the outcropping edges, beholds numerous repetitions of the

same beds ; they have, however, been so repeatedly shattered by earth-

quakes, so disturbed and forced asunder by igneous protrusions, and so

metamorphosed by direct and transn.itted heat, that it is impossible to

1^
* Mr. William A. Biut states, ihat iu passing I'-ora the Machi-gamig falls to Fort river, in

M 1846, he intersected a low ridge of iron, not far liom the corner of township 41 and 42. l)e-

M tween ranees 29 and 30. Tim ninss was very pu 'o, banded .and jointed, of a granular or

! H

micaceous structure, and having a nietailie lustre.

running the township lines.

This v.'as not subsequently met with in
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place their continuity except over limited areas. If we could unfold these

oeds, nnd stretch them out in a nearly horizontal position, as when first

deposited, they would require a far greater space than they now occupy.

The causes by which these foldings have been effected, will be discussea m
a subsequent chapter.

We have thus described the range, extent, and mineral peculiarities of i

series of rocks, detrital in their origin, interposed between the granite an!

the base of the Silurian system. Throughout their whole extent, they are

more or less metamorphosed, presenting p series of gradations, represented

at one extreme by crystalline gneiss and compact hornblende, and at tho

other by bedded limestone and ripple-marked quartz. To the presence of

granitic and trappean rocks this transformation is, in a great degree, to be

attributed. Much of the compact hornblende presents the external cha •

racters of an igneous product ; but, since it is found to occupy an almofrt

invariable relation to the granite axes—flanking their slopes—and to as •

sume a fissile structure as it recedes from the lines of igneous outburst, we
cannot but regard it as the more highly metamorphosed portions of the

dark-green chlorite slates. This compact hornblende is not to be con-

founded with those lenticular-shaped masses observed in the slates, which,

we doubt not, are trappean in their nature.

We have seen that those igneous causes which produced numerous axes
of elevation, and folded the strata into a series of flexures, had ceased to

operate before the deposition of the Silurian groups, since they are found

to repose in a nearly horizontal position upon the upturned edges of the

slates, or to occupy the sinuosities in the granite, nowhere exhibiting traces

of metamorphisra or derangement of the strata. We do not now allude to

the renewal of those igneous causes as manifested on Keweenaw Point anl
Isle Royale during the Silurian epoch, producing a class of igneous pro-

ducts widely different from those associated with the rocks of the azoic

system. In a former report (Part I.) we have described the igneous rocks

of the Silurian epoch as appearing under a variety of aspects, such as crys-

talline greenstone, porphyry, granular trap, and a highly cellular amygda-
loid, differing little from modern lava, except that the cells are filled with
various zeolitic minerals.

From the local details above given, it will be seen that the igneous rocks

of the azoic period, though crystalline, compact, and occasionally porphy-
ritic in their texture, are never amygdaloidal ; and hence we infer that they

were produced under widely different conditions. The latter may haife

been consolidated beneath the pressure of a deep ocean, while from the

former a greater part of this pressure may have been removed ; or it may
be that both were, in the first instance, equally vesicular, but that the latter

assumed a crystalline or compact structure from long-continued exposuie

to heat, under immense pressure. All the phenohiena would seem to indi-

cate that the eruption of the trappean rocks of this period took place be-

neath an ocean of great depth ; or, al least, under conditions widely dif-

ferent from those which prevailed during the formation of the trappeaa

belts of Keweenaw Point and Isle Royale.
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REMARKS.

The inrestigations of geologists in difTercnt parts of the world, within

the last few years, have clearly demonstrated the existence of a series of

non-fossiliferous rocks below the Silurian or Cambrian systems, and there

can be no doubt that they are destined to occupy a conspicuous place in

the classification of the rocks both of Europe and America. At the

meeting of the American Association at Cincinnati, in the spring of I80I,

we made the development of this system in the northern portion of the

United States and Canada the special subject of a communication. Profes-

sor Mather, after having confirmed the accuracy of our views, from per-

sonal observation, stated that he had observed the continuation of this sys-

tem near the sources of the Mississippi, and on the waters of the S(. Peter's.

Its existence in Missouri, where it is associated, as on Lake Superior, with

immense beds of magnetic and specular iron ore, is rendered certain by the

observations of Mr. Mersch, which will be found incorporated in the sub-

sequent pages of this repoi't. At this meeting, Dr. King, who has exam-

ined this region with much care, confirmed these views, and we regret that

the proceedings have not yet been made public, that we might quote his

remarks in full.

Dr. Engelman, also, on that occasion, described a series of a;ioic rocks,

as occurring in Arkansas, between Little Rock and the Hot Springs, which

present a striking analogy with those of Missouri and Lake Superior, con-

sisting of talcose, silicious and crystalline hornblende slates, often highly

inclined, with beds of dark-blue limestone. On these older rocks, rests un-

conformably a sandstone, probably analogous to that of Lake Superior.

Within this district of non-fossiliferous, stratified rocks, occurs a beautiful

syenite. The vast masses of micaceous, or sub-magnetic oxide of iron,

which occur in Missouri, find their representative in the well known " Arkan-

sas Magnets," or, in the iron ore of Magnet Cove. It is here associated

with the interesting titaniferous minerals, schorlamite, arkansite, or Brook-

ite, and also, elasolite. Dr. E. thinks he has traced this series on the

northern branches of the Colorado in Texas.

In the eastern portions of the United States, there can be no doubt of

the existence of this system.

We are satisfied from personal observation that it flanks the Adirondack

range in New York, where it is associated with hypersthene rocks and wath

masses of sub-magnetic oxide of iron, below the Potsdam sandstone.

The Messieurs Rogers describe a series of obscurely stratified rocks in

Pennsylvania and Virginia occupying the «ame relative petition, knovv-n as

the gneissoid series. They undoubtedly flank the Appalachian chain on

n

ill

Ex.—

3



[4] 34

the p?st, throughout their entire range, nnd will probably be found well

developeil in Tennessee and North Carolina.

In Kuropo, the existence of this series has been established beyond con-

troversy. It has been shown by eminent geologists, especially by Murchi-

8on and de Verneuil,* that the lowest beds in Scandinavia, containing the

least traces of organic life, arc the exact equivalents of the Lower Silurian

strata of the British Isles, and that these have been distinctly formed out

of, nnd rest upon, slaty and other rocks which had undergone crystalliza-

tion before their particles were ground up and cemented together again to

compose the earliest beds in which organic life is traceable. To this most

ancient system of rocks in Scandinavia, they have given the name of

azoic. By this term, they do not mean dogmatically to assert that nothing

organic could have been in existence during the earliest times, when those

rocks were in the process of formation, but simply to express the great

fact, that, as far as our present state of knowledge goes, we look in vain

for any traces of organic life, and it seems probable that they were formed

under such physical conditions that nothing living could have flourished

during that period.

The great mass of rocks in Scandinavia is made up of a crj-stalHne,

granitic gneiss, presenting an almost infinite succession of feldspathic,

quartzose, micaceous nnd hornblendic laminffi, wLkh are often highly con-

torted, though a general strike or direction may be traced over a large

tract of country. These rocks are by no means to be confounded with the

metamorphic Silurian strata, occurring under a similar and analogous form

in the same country. These azoic rocks are often disturbed and cut through

by dykes of greenstone and traversed by countless veins of granite.

It is evident from the direct comparison of the more ancient azoic with

newer metamorphic Silurian, that, from lithological characters alone, no

distinction could be drawn between them, and it is only where the most

conclusive evidence is afforded, by superposition of the latter unoonforma-

bly upon the former, that they can be clearly recognized and defined as

belonging to different ages.

De la Beche remarks that, although alterations in the mineral character

of the fossiliferous rocks, from the influence of intrud* d igneous matter in

a molten state, or arismg from other modifying causes, often produce mien

slates, hornblende slates, gneiss and other forms of laminated and stratified

deposits, with a peculiar asj>ect, there appears, nevertheless, evidence in

Scandinavia and the British Isles, and also in other parts of Europe, to

show that, beneath all the fossiliferous rocks, there are mica and chlorite

slates. OUartz r^c^'! r>.rv«tnllinp limpstfiriFS. rrnpiss. hnrnhlrnrlp. anH ntVipi-

rocks of earlier production. These may be, indeed, merely altered, or raet-

* Russia qflH) < Urol Mountains, Vol. 1, p 10.

I

%
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amorphascd, dctrital and chemical deposits of earlier times, and possibly

organic rumriins may eventually be discovered m them; but until this shall

happen, it seems desirable to keep them asunder, for the convenience of

showiiig previous accumulations to those known as the Cambrian group.

He, therefore, proposes the name of Mona Series for the reception of these

older rocks, v/hich are well displayed in the island of Anglesea, in con-

nection with those of the succeeding group.*

In the admirable and detailed examinations of the Geological Survey of

Wales, where the numerous intercalated beds of trappean rocks and the

complicated series of faults have rendered the task of unravelling the geo-

logy one of great difficulty, the surveyors have clearly shown the existence

of this azoic series below the lowest Silurian strata, which is there repre-

sented by the sandstone of Barmouth and Harlech.

Barrande, also, in his investigations of the Bohemian basin, has recog-

nized a series of semi-crystalline slates alternating with compact argilla-

ceous slr^ps, below the lowest Silurian strata, in which he has failed to

detect any trace of organic life; hence he has applied the name azoic to

these rocks without meaning to assert positively, that the series is absolutely

destitute of all traces, but simply as indicating the great fact that, thus far,

none have been discovered.
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CHAPTER III.

GRANITE ROCKS OF THE AZOIC PERIOD.

Granite.— Its Composition.— Mode of Formation.— Character of the

Scenery where it prevails.— Peculiarities of Structure.— Range and

Extent on the jYorthern Shore.— Its External Characters.— Range and

Extent on the Southern Shore.— Greenstone Dykes.— Section between

Lake Superior and the Mouth of the Escandba River.— Section from

Keioeenaw Bay to the Mouth of the Menomonee.— Character of the

Granite in the Western Portion of the District.— .Age of the Granites

of this Region.— Mineralogical Composition.— Economic Value.—
Trappean Rocks.— Intensity of Igneous Action during this Epoch.

We shall use the term granite in an extended sense, as comprehending

not only those compounds of feldspar, quartz, and mica, which form gra-

nite proper ; but those compounds consisting of feldspar and quartz, to

which the specific name of pegmatite has been assigned by the French, and

those of feldspar, quartz and hornblende, usually known as syenite.

- The gradations between the most ancient granites and the products of

existing volcanoes are innumerable. There appears, however, this differ-

ence between them, that while the latter have been poured out in lava cur-

rents, the former have been elevated in a softened condition, forming vast,

irregular masses, or bosses, over which the incumbent strata are often

folded. They have not been protruded from narrow apertures, like the

basalts, but from widely-extending gorges.*

The granites often occur in long, narrow lines, termed cleans, which
appear to differ in no lespect from CTeenstone dykes, except in composi-

tion, and also in ramifying veins, filimg up the preexisting fissures.

In most regions where granite constitutes the prevailing rock, the hills

assume a rounded outline, and afford few scenes of picturesque beauty.

We meet with no over-hanging cliffs, no needle-shaped peaks shooting up
into the sky, no narrow and intricate defiles, where the sunlight rarely

penetrates. All of the angular points aie smoothed off, as though the

plough and the harrow had passed over the region.

The granite masses are characterized by tabular divisions, which often

communicate to them a stratiform appearance. Where it occurs, says

Von Buch, in large i' sulated masses of a faintly arched ellipsoid form, it is

covered by a crust, - i- shell, cleft into blocks—instances of which are met
with, alike in the Harz district, the Mysore, and lower Peru.

* Humboldt. Cosmos, Vol. I p. 258. Tousethelanguagcof an eminent observer, "imagine
a large wedge forced from below through a sheet of thick ice on a river, or poud. First, the
ice rises in un angle that becomes sharper and higher, as the wedge rises : then it cracks and
opens, presentinf, its upturned edges on both sides, and through comes the wedge. And
this is a very diHerent process from what takes place when the ice merely cracks and the
water issues through the crack. In the one case there is a rent, and water dilTused over th"
surface : in the ot1<ur theru is the projecting wedge, flanked by the upturned edges of tho
ice."—Hugh Miller.



f1

37 [41

At the cataracts of the Orinoco, Humboldt saw granite in large flattened

spherical masses, which could be dividcil, like basalt, into concentric

la)ers.

GRANITIC KOCKS OP TriC NOIITIIRRN SIIORK. I
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Granite forms, for the most part, tlic rim of the Lake Superior basin.

The culminating points between the lake and Hudson's bay, on the north,

the branches of the Mississij)pi on the south-west, and Green Bay on the

south, are of this formation.

It appears in low, undulating hills, nowhere attaining a greater elevation

than 2500 feet above the ocean. On the nortliern shore, it is more widely

distributed than on the southern ; but its geogiaphical boundaries have
been imperfectly determined. We propose to give, in a condensed form,

a brief description of its distribution on both shores of the lake.

Beginning at Pigeon river, in the iiorth-wi'stern extremity of the lake,

we find, according to Prnfessoi' Mather, a luas.s of grimile lorraing the east-

ern extremity of the peninsula, where it appears in high ridges. It is com-
posed of the two minerals, icd feldspar and quartz, closely aggregated, and
is traversed by heavy dykes ol' greenstoiir, and \eins of quartz and calc-

spar, containing the bi-sulphuret of iron.

H

range. according to Mr, Logan, comineueos at Fort William, ani,

keeping north of the Kaministiquia river, is prolonged in a north-easterly

direction, flanked on either side by beds of gneiss and chloiite slate. It

intersects the coast about ten miles below the mouth of the stream, and is

seen at intervals along the shore, for n eonsideral)!e distance ; it then

recedes inland, and, crossing the isthmus between Thunder and Black bays,

regains the water, about nine miles Irom the bight ot the latter, in a spur

terminating at Granite islet. The main range is protracted in a northerly

direction, intersecting the Nec^^igon river some distance above the second

rapid, and again approaches the lake • - ar the mouth of Jack river, which
falls into a deeply-indented cove in Neipigon bay. Farther on, it emerges

irom the overlying sandstone and trap, anil appears on the bay at a point a

little west of north from the entrance to the Chenal Ecnrte—the strait

between Simpson's island and St. Ignace. Cutting across a projecting point

of sand, it forms a bold, rocky coast, crowned by occasional masses of

trap, along the north side of (irand I)eti-oit, as far as Lcs Petits Ecrits,

where it is intersected by trap dykes, running in an easterly and westerly

direction.

In the north-eastern extremity of the lake, the coast from Pic river to

Otter Cove is formed by a gneissoid rock, which a few miles inland attains,

according to Bayfield, an elevation of eight hundred feet above the lake.

From Otter Cove to Michipicoten river, the coast is occupied by alternate

reaches of granite and slate.

With the exception of a few square miles of trap at Gargantua, granite

and gneiss are the only rocks exposed along the shoie until Ave arrive in

the vicinity of Pointe aux Mines, a distance of about fifty miles, at the ex-

tremity of which they separate from the shore, maintaining a nearly

straight south-easterly line across the eastern part of Batcheewauaung
Bay, leaving the trap of Mamainse between them and the lake. Thence,
they strike the northern part of Goulais Bay, and finally attain the pro-
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montory of Gros Cap, where they form a moderatclj bold range of hills,

running eastwardly towards Lake Huron.*
With regard to the composition of this rock, Mr. I cgan remarks, that

the base is granite occasionally passing into syenite by the addition of
hornblende; but the latter does not appear to beoTtin present wholly
without the mica. Both the mica and hornblende are, in ^ener^l, black, the
quartz, either opake or translucent-white, or colorless, or tiansparent. The
color of the feldspar is usually some shade of red, and, being the prevailing
mineral, gives in most cases a reddish tinge to the mass.

i-:

m

GRANITIC ROCKS OP THE SOUTHERN SHORE.

Crossing over to the southern shore, we find the coast intersected, at

rare intervals, by granite masses. Between Huron Bay and Carp rivt;r, a
few points composed of this rock ;ne observed, generally connected with
the uiiiin-land by aiKck otsand.?lOT!e— as for instance, at Granite Point, and
Dead river. There are several islands in this vicinity composed in the

main of granite; but, on the lee-side, patches of sandstone are seen, which
have escaped the genenil denudnlinn to which this region has been sub-
jected. The Huron islands, according to Mr. Hill's observations, rise from
eighty to one hundred feet above tlif> lake, and are composed of granite.

It is not improbable that, at no very remote epoch, they were connected
with the m:iin shore by a neck of sandstone, as is seen at this time at

Granite Point.

The surface of these islands is bare nnd polished, and traversed by numer-
ous stria;, bearing N. 20° E. and S.20° W. Nowhere on tlie southern coast,

have we seen these evidences of the diift epoch so well defined. It is only

in the fissures of the rock that trees take root and grow with a stinted

growth, and hence these islands presenl an inhospitable appearance. This
granite, unlike most of that found ' n the southern shore, contains conside-

rable mica, and is intersected l)y several systems of joints cutting it into

tabular plates, which will materially aid the quarry-man in his labors. It

affords adiniiable materials for construction, and the day may not be far

distant when quarries will be opened to supply the cities ol the lakes. The
rock may !)e quarried ahnost by the water's edge, and vessels can approach
within a ftiw yards arid be protected from every wind.

Granite island is a nearly bare mass of rock—comprising an area of

two or three hundred square feet—on the top of which a few straggling

cedars maintain a sickly growth. It is situated about six miles from the

main-land, and three or four degrees east of north from Granite Point.

Middle island also belongs to this class of formations. The granite con-

sists of the binar} eom})ound of feldspar and quarts^. Powerful dykes or

greenstone intersect the mass, some of which are ninety feet in width, and

we counted no less than six within the distance of forty rods.

They cut the granite in remarkably straight lines, (see Fig. 4,) leaving

clean, smooth edges, as though the shock by Avhich the original fissures

were formed, had been suddenly applied. In the smaller dykes, the green-

stone is very compact and fine-grained ; but in the larger, while it exhibits

this texture near the edges, towards the centre it becomes highly crystal-

Cauada Report for 1846-17, p. 22 Et Seg.
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rapidity, with which portions of the mass parted with their heat, in the

process of consolidation. There are two systems of dykes; one set bears

nearly east and wesx, while the other bcnrs north-east and south-west

;

these, in their turn, are intersected by veins of quartz, as seen on the

northern side of the island. The contour of the mass is rounded, and nu
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Fig. 4.

Greenstone Dyke at Middle Island.

merous deep striae, some oj' fi are two feet in depth and four feet in

width, were observed, bear' -
;
20^ W., S. 20° E.

Several granite islets appear off Presqu'isle, but as they differ in no re-

spect in structure from Middle ishmd, a Ihrther description is deemed un-

necessary.

These islands are but thr- outliers of a mass which, in our district, is spread

over an area of more than 2000 square miles. It has an extremely

irregular outline, which cannot well he defined by a verbal description.

The reader, therefore, is referred to the general Map of the region for a

representation of its boundaries.

Granite forms the coast betv.ccn Presqu'isle and Granite Point. Proceed-

ing westwardly, it expands rapidly until it attains a width of twenty-five

miles—a spur shooting oft" to the north-west, known as the Huron moun-
tains—and, after having passed tl-.c Miidii-gummi, contracts equally rapidly,

and terminates on the sources of the Sturgeon river. The extreme length

of this granite axis is about sixty miles, and its culminating points rise 1200
feet above the lake.

Another granite boss rises to the south of that above described, and
ranges in a nearly parallel direction for about thirty-six miles. The
interval between them is from twelve to fifteen miles in width, occupied by
crystalline schists, marbles, beds of quartz, and specular iron.

Farther west, another granite belt starts from the head Avaters of the

Ontonagon river, and thence extends to the western limits ol the district,

intersecting the head of Agogebic lake, and crossing the Montreal river

about fifteen miles from its mouth. Southwnid, it forms the water-shed
between the rivers of Lake Superior and the INIississippi, and passes beyond
the limits of this district into Wisconsin. It is probable that this belt is a

continuation of that first described, but we have not been able to trace the

continuity. There is an interval of twenty mih^s, where the surface of the
country becomes nearly horizontal, and is strown with accumulations of

clay and gravel, burying up the subjacent rocks.

I
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There are, also, miirerous, insulated patches of granite scatt«red through

the crystalline schists, the positions of which are indicated on the accom-

panying map.

I'hc granite, for the most part, forms numerous parallel ridges, bearing

east anfl west, which are rouniled and featureless. Tlie rocks rarely

emerge to the surface in mural escarpments, but are concealed by the debris

of ages. Dense forests of mnnle and yellow birch, interspersed with pine

and hemlock, clothe the ridg<'^, while the intervals are occupied by almost

impassable mnrshes, filled with tamarack, cedar, and alder, or by natural

meadows, in which the blue-joint {Calamagrostis canadensis) flourishes

with rank luxuriance. A chain of small lakes is often observed, hemmed
in by the parallel ridges, whose outlet is through some tranverse gorge,

formed, not by the erosive action of water, but by a fissure in the roc^y

barrier.

The greater portion of the surface occupied by this claso oi" rocks has not

yet been sub-divided, and hence it is, that the maps representing its area are

so deficient in topographical information. Of the whole district, the grani-

tic region possesses the least economical value. There appear to be no
metallic venis worthy of exploration, and from the broken and rugged char-

acter of the surface, it is ill adapted to agricultural purposes. Besides, its

remoteness from navigable water will retard its immediate settlement.

Local Details,—We do not propose to make a transcript of our note-

books. Such a transcript would encumber the report with unnecessary

details, and serve no useful purpose. We shall extract such portions only

as illustrate some interesting problem in geology, or furnish facts of econo-

mical value. Sections extending through the (lilFerent systems of rocks of

this region, possess great uniformity, wherever taken, and their multiplica-

tion would throw little additional light upon its geological structure.

We shall, therefore, content ourselves with a few illustrations of this

nature.

Besides, in a region so vast as this, where the physical obstructions to

its successful exploration are so formidable, it has been found impossible,

with the means placed at our disposal, to make but little more than a

general reconnoissance. We have only attempted to delineate its more pro-

minent features, while to those who succeed us, we leave the more diff-cult

task of sketching in the individual lineaments. That task cannot be suc-

cessfully executed, until the country shall become intersected by roads and
dotted with human habitations ; until portions of the forests, which now
cover the whole surface, become levelled by the axe, and the underlying
rocks exposed in pits and quarries. Practical geologists alone can appre-

ciate the aid afforded by these artificial excavations. It is not from
wandering over the hills, or drift-covered plains, that he arrives at the

structural relations of a country ; but, by following up the beds of small

streams, where the superficial covering has been removed, by examining
quarries, where the fresh surfaces of the rocks arc exposed to the day, and
by scrutinizing the materials thrown out from avcIIs and pits.

The subjoined section will serve to illustrate the order of position in the

different groups of rocks, between Lake Superior and Lake Michigan.
It commences on the township line between ranges 36 and 38, and ex-

s

fi^'

o

s

20



through

e accom-

, bearing

:s rarely

he debris

A'ith pine

ly almost

y natural

Nourishes

hemmed
se gorge,

lie rocky

:s has not

i area art

he grani-

to be no

ged char-

Dsides, its

ent.

our note-

inecessary

tions only

of econo-

f rocks ol

mltiplica-

structure.

of this

iclions to

ipossible,

•e than a

nore pro-

la d>Foult

»t be suc-

oads and

Ihich now
iderlying

in appre-

Inot from

;s at the

of small

Ixamining

1 day, and

Ion in the

[lichigan.

and ex-

a [4]

»-0

tends thence, in . southerly uirection to the mouth of the Escaniba river,

a distance of about seventy miles.

Proceeding inland from the shore of Lake Su-
•jouodiig ajt"! !z perior, our route for the first six miles is over low,

marshy ground, supposed to be underlaid by the

Potsdam -andstone, in a nearly horizontal posi-

tion. Occasionally vestiges of ancient terraces

are observed, indicating the former boundaries of

the lake. Where the sandstone is exposed by
. the lake shore, it is of a dark-red color, and con-

: tains numerous white blotches, like those at To-
l bacco river am) Granite Point. A low granite

' ridge is first observed, according to Mr. Hill, a

mile west of tlu- corner of sections 34 and 33,
along the south bound ary of township 50, range

e

a
S

ui

26. Fragments of slate are seen at its base.

.S

CO «

SO that it is not improbable that a portion of

the azoic system is interposed, at this point,

as at many others, between the granite and
llie Potsdam sandstone. In section 1, along

lli(> east* boundaiy of township 49, range 27, a

ridgo of granite lour hundred and seventy-two

feet in height is observed, bearing N. 20" E. It

consists for the most part of the ternary com-
pound of feldspar, quartz and mica, differing in

this respect lioiu that seen by the lake shore,

irornblende occasionally replaces tlie mica, form-

ing syenite, the prevailing color being light-grey,

l^owerful dykes of greenstone traverse the mass
in a direction parallel to its prolongation. There
are also seen ntmierous granite veins, seldom ex-
ceeding eight inches in width, ramifying through
the granite, and occasionally through the green-

stone. Mica is more abundantly disseminated

through these veins than in the adjoining walls,

-A \^ — an interesting tact, since it tends to confirm
ils volcanic origin; for this substance has been
detected not only in the ancient basalts but in the
products of existing volcanoes. Gneiss is ob-
served to flank the granite both on the north
and on the south, with intercalated beds of

quartz and feldspar, and imperfectly laminated
hornblende,—the whole dipping uniformly from
the axis of elevation. These might with pro-
priety be regarded as the more liighly metamor-
phosed portions of the azoic system.
On section 7, another range of granite is

passed, four hundred and ninety feet m height,

bearing nearly east and west, which rises ra-

pidly to the westward of the line of section; but to the eastward verges
to a level. Gneiss is seen along its flanks to near the summit, which
consists of a darK-colored, crystalline mass.

be
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In section 18, numerous low ridges of granite occur, fl. :ed by gneiss

and hornblende.

Near the north line of section 19, a ridge of granite is seen which attains

an altitude of seven hundred and seventy feet, and bears nearly east and
west, with gneiss anl slaty hornblende along its slopes. The greater por-

tion of the line through this section passes over hornblende slate ; but, near

the southern boundary, the granite breaks through the incumbent rocks

and rises to the height of eight hundred and sixty-seven feet above the

lake. The mass consists of ii?ldspar, quartz and black mica, the latter so

far predominating as to communicate to it a dark color.

We here reach tho bounilary between the igneous and the melaraorphic

rocks, and it will be seen that as we recede from thfi ' line, the rocks be-

come less crystalline in their texture and exhibit more distinct traces

of bedding. The gneiss, the com[)act hornblende, and the quartz and

feldspar rocks, exhibiting a massive structure, will be found passing

into, or succeeded by, beds of argillaceous, talcose and chlorite slate, and
guartzose rocks, enveloping pebbles and displaying obscure lines of strati-

ncation.

To the south of the last described ridge, along the western boundary of

section 30, the line passes over hornltlende rocks somewhat fissile, contain-

ing seams of quartz conformable: in dip and bearing to the enclosing mass.

About one-fourth of a mile south of xhr nortliera boundary of township
'18, the talcose slates, with planes of bfflding, are seen for the first time.

The surface here attains an altitvilo of 1004 feet, which is higher than any
of the granite ridges along the line of the section. The valley of Dead
river sinks down nearly seven hundred feet, and the underlying rock con-

sists apparently of talcose and argillaceous slates. To the south, in sec-

tions 13 and 24, hornblende slates reappear and occupy a width of about a

mile and a half. In section 24, they are succeeded by talcose slates ; but,

in section 2o, the hornl)lende slates are again observed, and there is no
marked change in the rocks until we arrive in section 36, when the talcose

schists reappear, dipping to the south at an angle of 08°.

About a fourth of a mile north of Teal lake, a quartz range is intersected,

bearing nearly east and west, which forms one of the most striking topo-

graphical features of the country. Its altitude is nine hundred and forty-

four feet above the level of Lake Superior, and throughout its entire range,

it rises sharp and well-defined. The quartz exhibits imperfect lines of

bedding, and displays a slightly granular texture, Beneath this is a be-d

of novaculite ten feet in thickness, which possesses a fine grit and alfords

an admirabb material for hones. To this succeed talcose slates, the whole
dipping fiG'' to the south.

In section 32, township IS, range 2(5, a quartzose conglomerate is ob-

served ten feet in thickness, the included pebbles consisting of quartz from
the size of a buck-shot to that of a hen's egg.

A few yards to the south-west of the Jackson Company's Forge, this

sam" quartzose conglomerate is seen; but the pebbles do not attain so large

a size.

These beds, although greatly transformed by reason of their proximity to

igneoijs rooks, still retain traces of their mechanical origin.

Not far from the southern margin of Teal lake, there rises a range of

hills composed of dark-colored and compact hornblende rocks, which here

forms the " divortia aquarum" between the river systems of the two great
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lakes. The sources of th» Escanaba approach within a quarter of a mile

of Teal lake, which is drained by the Carp river of Lake Superior.

In following the line oi' our section to the southw.ird, still continuing

between ranges 2G and 27, we find a belt of about five miles in width

extending to near the north-cast corner of section 36, township 47, ranj^

27, occupied by the slates of the azoic series, and the intercalated beds of

trappean rock. The latter, however, largely predominate in apparent

thickness, the ridges bein^ numerous, and mostly of a dark-g:een horn-

blendic trap. Near the line between sections 1 and 12, a ridge of green

crystalline trap occurs, flanked on the south by hornldende slates, some-

what talcose in their composition, and dipping to the south at an angle of

65°. A mile farther south, the countrj gradually rises, with alternate

ridges of trappean rock, and bands of hornblende slates, which have a

finely schistose structure.

On the north side of section 13, the slates become more silicious, and
stand nearly vertically ; and, then again, are succeeded by low ridges and
rounded crests of a hard, compact, greenish, trappean rock. At the

corner between sections 13 and 24, the hornblende slates are highly

impregnated with oxitle of iron, which occasionally forms quite pure bands

in the slaty rock. The ground continues elevated along the eastern line

of section 13, being about 1000 ket above Lake Superior, and is partially

covered by drift ; two miles farther v/est,* however, the rock is exposed

along the whole length of the line between sections 14 and 1-3, and pre-

sents a constant succession of steep ridges of a dark and crystalline green-

stone, no slates being visible hi the depression between the ridges. Near
the corner of sections 24 and 2o, we find an abundance of angular frag-

ments of slaty hornblende-rock, containing iron, and masses of quartz,

with specular iron. These rocks rise into a dome-shaped protuberance a

little to the east of the line of section 2o, and have, here, an elevation of

about 1200 feet above Lake Superior. The slaty rocks are so impregnated

with iron, at this point, as to become very good ores.

On the line between sections 20 and 32, is a remarkable knob of con-

glomerate, alike interesting from the fact that such a form of rock is of

rare occurrence among the azoic series of this district, and from its intimate

connection with the origin of the masses of iron in its vicinity. The con-

glomerate forms here an isolated, rounded elevation rising at least a hundred

feet above the general level. It is made up of coarse blocks of various

sorts which belong to the neighboring traj)pean ir.id slaty beds, and arc o

very considerable dimensions. Among them we recognized, not only fra<,

ments of the rock associated with the iron; but masses of the iron itself,

and of the banded and jaspcry varieties. Most of the fragments of this

remarkable breccia are but slightly rounded and worn on their edges,

hc.ving in this respect much more the appearance of a friction-conglomerate

than of one in which the long-continued action of water had played a pai t

The b'ocks are cemented together by a very hard, ferruginous paste. The
nature of the surrounding country, covered with soil and forest-trees, pre-

vented us from satisfactorily tracing its connection with the adjoining

rocks. We are inclined, however, to regard it as connected with the

eruption of the adjacent granite, and rather as the effect of the crushirg

and elevating forces which such an elevation must have called into play.

If this is the case, it may be considered as analogous in its mode of form-

ation to the conglomerates of Keweenaw Point. A fact worthy of notice

1
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in this connection is, that, in spite of the heterogenous structure of the

mass, it exhibits a distinct tendency to separate, or flake olF, in (hick con-

centric layers, hke some eruptive granites.

The nature of the fragments composing tliis breccia, anil of the cement
by which they are unitetl, proves conclusively that the process of for-

mation of the ores of iron, anJ the impregnation of Ihe slaty rocks with
nietallic matter, nnist have been one of long continuance, and not a merely
momentary operation. The various kinds of ore must have been in exist-

ence before the formation of this mass, but they were subsequently broken
off and mingled together in confusion. Emanations of metallic matter

must still have been issuing lioni beneath, since we find I lie whole deposit,

thoroughly impregnated with it, and converted into one firmly coherent

mass.

Near the south-eastern corner of section 2~>, (township 47, range 27,)
we reach the southern bouni'ary of the slaty and trappean rocks, and
strike the belt of granite which intervenes between them an.' the Potsdam
sandstone, on the south side of the axis. The width of the granitic Wit
r.Jong this line of section is about ten miles, since it extends south as

far as the centre of township U'), where it was first seen in place by Mr.
Hall, in ascending the Escannba. The height of the land at the pomt of

Junction of the granite and slates, is about six hundred and fifty feet above
jake Supericjr.

The whole surface covered by this belt of granite is low and swampy,
the rock rising out of the ground in narrow and precipitous ridges, a

number of which are crossed by this line of section. They vary from

twenty to fifty feet in height above the adjacent surface, and have an eleva-

tion of trom six to seven hundred feet above Lake Superior. These ridges

frequently present almost vertical and bare walls on both sides; and the

desolate and forbidding character of the region, consisting mainly of low
and tangled swamps, and barren ridges, can hardly be exaggerated.

The raineralogical constituents oi' the granite, on this side of the axis,

are mainly reddish feldspar and quiutz, with but little mica.

At the junction of the granite with the azoic slates on the southern side,

the relation of the lormer to the latter is clearly seen. Tlie slaty rocks

are traversed by injecteil veins ol" griuiile, which gradually increase in

number and dimensions as we approach the granitic nucleus. On an
almost vertical wall of rock, about forty feet in height, near the south-east

[:
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portioi

fl i'

Fig. (i

u, vii%iut<;. L. lloniblendc-slatc c Vein of granite.

corner of section 25, (township -17, range 27,) the granite is seen pene-
trating the hornblende-slate like an nnmense wedge, and shooting out in
ramifying branches. The pieceding figure (Fig. 0,) s],ows the appear-
ance of the two rocks at this place.
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Around the portion of the granitic mass, indicatrd by <hc letter c, tho

slaty rock has all the appearance of having been brjit mv\ twisted hy the

injection of the granite vein. The following figiiiv(^'. ,^. 4 ,} rcncsent.s this

portion of the rock on a larger scale than the prt ( rding

:
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This contorted strucluit' seems to l)e due, not to an actual ci-owding

back of the schistose rock, but rather to a reanangeiiK'nt of its particles,

occasioned by the presence of the granitic mass.

Section from Keweeimw Buy to the nunitli of the Ahitomonce. (See

General Section.)— In asct'nding the first grunitt' axis bi.ck of Keweenaw
bay, its northern limits are observed to extend lo \\itliiii two miles of the

boundary between townships 48 a:id 49, riiuge ;5;5, approiiching within six

miles of the lake shore. It is ex}K)sed in a mural eliti facing the south,

about thirty feet high: it is of a light-grey color, and composed of an in-

finite number of rystalline plates, conf'isedly aggiegated, in wliich the

three constituents feldspar, quartz and mica, may be recognized. The
altitude of this ridge is 1064 feet above liake Superior. Descending into a

longitudinal valley, the granite is occasionally exposed in low ledges,

having a rounded form. Crossing the range line, it reappears in a cliff

fifteen or twenty leet in height, traversed by numerous and remarkably

regular divisional lines. At the outlet of a small lake which is one of the

reservoirs of Sturgeon river—near the cast part of township 49, range 33

—

it is again seen, under the form of well-characterized syenite. JNear the

centre of township 49, range 33, we ascended an abrupt ritlge, tlnce hun-
dred feet above tlie surrounding level, con)])Ose(l of rose-colored feldspar

and quartz, and traverser! by nimierous veins of quartz and chlorite. Sy-

enite reappears along the north line of township 48, range 32. A mile

farther south the granite rises to the height of 1198 feet above Lake Supe-
rior, forming the culminating point of this region. The southern boundary
of this belt, which i' here about ten miles in width, occurs north 0/

Sagiagans.

One of the sources of the Sturgeon river (U'osses this belt twice in this

vicinity. It rises near the northern group of azoic slates and, flowing south,

cuts through the main axis and sweeps around its base ; then recrosses it,

traversing the whole belt in a northwesterly direction. The course of this

stream has probably been determined by transverse fissures extending
across the entire axis.

,

The granite, it will be seen, forms a seiies of parallel ridges, bearing
nearly east and west. The gentler slopes verge towards "the north, while
the precipitous escarpments front the south. The longitudinal valleys con-^

i'
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tain numerous natural meadows, or small wet prairies, destitute of trees

and clothed with a rank growth of blue-joint grass. They appear to have
been the bods of ancient lakes which have been filled by the ufebria of the

surrounding hills, or diained l)y the abrasion of their former barriers. The
prevailing growth on. the rilgis is maple, yellow birch and ash, interspersfd

with colossal pines, sonK'tinus one hundred and fifty feet in height and six

feet in diameter. The low grounds are occupied by dense thickets of alder,

cedar and spruce, which are hung with long festoons of moss.

The second granite axis, where it crosses the Machi-gflmig (township 4o,

range 29,) is much contracted in dimensions, being only about five miles in

width, and attaining but a slight elevation above the surrounding coujitr>.

It consists of quartz and feldspar in large crystals, presenting, in many
places, the aspect of graphic granite. In crossing portage No. 5, it is seen

in low ridges running east ami west, having a rounded contour. Mr, Hill

explored this zone further east, and from his notes ,-t' gather the following

information.

Starting on the line between ranges 28 and 29, in township 43, and pro-

ceeding north, he describes the country as low and mai liy, ; lul so thorough-

ly covered with transported materials that the underlying rocks are almost

entirely concealed. The line of junction between the granite and sand-

stone was not observed ; but is supposed to occur near the northern part of

the township, since here, for the first time, loose blocks of sandstone were

noticed, which were supposed to have been derived fiom the immediate

vicinity. The granite is first observed on the line between sections 13 and

]2, in a low exposure. Near the south-east corner of section 36, town-

ship 44, a low, rounded ledge is seen, rising up through the surrounding

swamp. Along this line, through the whole township, frequent exposures

of this character are observed.

The southern portion of township 45, range 29, is low and marshy; I ut

the northern portion is broken, and the granite appears in numerous knobs

and ridges. In sections 1,11 and 12, dykes of greenstone are seen to cut

the granite in numerous places. In section 13, a large dyke occurs, bear-

ing east and west, and varying but little from a perpendicular in its down-
ward course. Its mineral components are hornblenf.e and feldspar intimately

mixed, with crystals of L^'.;sy feldspar disseminated.

There seem to be, acc(,rding to the observations of Mr. Hill, two gene-

ral systems of dykes in this region, though subject to minor deviations ; one

bears N. from 70° to 80° W., the other N. 10° E. The east and west

dykes are the main ones, being the widest, longest and best delined. Line!'

of division were everywhere noticed, one set bearing N. 75° or 80° W
and another from S. 10° E. to S. 10^ W.
Near the north boundary of township 46, range 28, gneiss is seen sup-

ported by granite on the south : on sections 3 and 4, heavy dykes of green-

stone, ranging east and west, traverse the mass. Some chlorite slate is

seen between sections 46 and 47, where the Escanaba river crosses the line,

flanking the hornblende ridges to the east and north.

Along the line between sections 27 and 2S, township 47, and in sections

30 and 31, the granite is traversed by two greenstone dykes, bearing east

and west, each of which is nearly eight hundred feet in width, composed of

a bise of co-npact hornblende and feldspar, with glassy crystals of the latter

disseminated. The granite in this vicinity consists of a highly crystalline

map'.e.
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On following the granite region westwardly from the Escanaba river,

where it crosses township 40, range 27 and 29, we find it possessing nearly

the same mineralogical character, and simila,v in its mode of occurrence to

that already described. This belt of igneous rock crosses the Machi-gftraig

river in township 4G, range 29, anil pursues a westerly course, bending to

the southward, for about twelve miles to the west of that stream. Beyond
this point, it can no longer be traced, except in occasional knobs and ridges

whicn rise out of the predominating slaty rocks.

There are numerous intrusive masses of granite scattered through the

azoic series of the southern portion of the district ; indeed, so numerous are

the successions, and so complicated the relations of the two rocks with the

accompanying trappean belt ,, and so gret;t the diversity of character, that

it would require much more time than we were able to devote to this part

of the region, even under the most favourable cirouuiotonces of exposure of

the rocks, to make out its detailed structure. We must content ourselves,

therefore, with a general outline of the most conspicuous points.

The granite rises in low ridges from amidst the talcose, hornblende, and
chlorite slates, in townships 41, 42, 43 and 44, through the whole district

westward to 4o. It is more quartzose than in the northern townships

;

mica is generally present in small quantity, and often arranged in parallel

layers, so that the mass assumes a gneissoid structure. This mineral is

generally very dark-colored, sometimes black, and, for the most part,

occurs in minute plates.

In the extreme western portion of the district, \vest of range 40, granite

is the predominating rock below the southern boundary of township 47,

and is associated with a hornblende-rock, which sometimes assumes a slaty

structure. The granite is mostly a binary compound of feldspar and
Quartz, the former largely predominating, and giving a reddish tinge to

tne whole rock ; mica is present only in very small quantity, while horn-

blende and chlorite are occasionally scattered in minute particles through

it. Nearly the whole of the granitic region in this part of the district

presents the most forbidding and desolate aspect. Though it forms the

most elevated portion of the country, l)eing the water-shed between Lake
Superior and the Mississippi, it is low ami swampy, and filled with

numerous lakes, of which over fifty were crossed by Mr. Burf, in survey-

ing the boundary-line between Lac Vieu\ Desert and the Montreal river.

There are occasional elevations, which are dry, and wooded with sugar-

map'.e, and which, undoubtedly, are covered with a good soil ; but, the

larger portion of the region presents almost interminable cedar-swamps, in

the midst of which the granite and ho/nblcnde ridges rise, with precipitous

walls, rarely to more than fifty feet in height above the surrounding coun-

try. These ridges are generally very narrow, and their sides are covered

with a thick coating of moss and lichens. Nothing can exceed the deso-

late solitude of this region. Not even the Indian traverses it ; it is desti-

tute of game, and its stillness is never broken, except by the crashing of the

tornado through the dense forest, tearing up the trees, and piling thera

together, so as to present an almost impassable barrier, as if still farther

to repel the intrusion of man into a region, so little fitted for hi

tion.
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The granite of the whole; of tliis portion of the district is very coarse^

grained and nrvstalliiie, and is oharactorized by a predominance of feWspar,

and an ahuost entire ab*tii;e of mica.

Jige of the Granites.— The granites of the Lake Superior region evi-

dently belong to two different epochs of upheaval. That of the north-

western const of the lake, in the vicinity of Pigeon river, was elevated

before the close of the azoic period, since the upper portion of the slates

reposes horizontally around it ; while that of the nortli-eastern coast, and
that which forms the axis between the river systems of the two lakes, was
elevated after the tt" lination of the azoic period, and before the dawn of

the Silurian, since the cranite has disturbed the upper beds of slates, while

the lower beds of the Potsdam sandstone rest undisturbed around it.

Mineralogical Composition of the Granite.— The granite, south of the

belt of azoic rocks in township 46, ranges 25, 26, 27, .ind 28, is generally

made up of feldspar and quartz, mica being almost always wanting, or

only present in very small quantity. The feldspar is by far the predomi-
nating mineral ; in fact, whole ledges in the granitic region are composed
almost wholly of it. It has gcnerjuly a pale, flesh-red color. On the w t

side of section 30, township 47, range 27, occurs a beautiful granite, mauo
up principally of large tabular masses of red feldspar, with a little milky
quartz, and occasionally a few specks of chlorite.

Of the feldspar an analysis was made, to acquire a more definite knowledge
of the nature of the alkalies present in this mineral associated with the

granite. This analysis gave on 2.0709 grammes of the substance, carefully

dried at 100' C.

Silica-

Osygcii.

66.70 34.66

Alumina and a little iron 18.68-

Lime .30

Potash 9.57

Soda 3.58

Water .70-

99.53

8.64

2.63

.62

This IS, as will be seen from the ratio of the oxygen of the silica of the

bases, the common feldspar, (orthoclase,) in which the oxygen ratio of the

protoxide bases, the peroxide bases, and the silica, is 1 : 3 : 12.

The water is undoubtedly in chemical combination in the mineral, play-

mg the part of a base. All the feldspare which we have exammed, contaui

more or less water, from one-half to one per cent., which water is not

removed by drying, at a temperature of 100" to 120° C. ; but which '

requires a full red heat for its expulsion.

Economic Value of the Granites.— Many of the feldspathic varieties

which occur in the interior readily disintegrate on exposure, and are ill-

adapted to building purposes. Besides, their remoteness from water com-
munication would prevent their extensive use.

There are numerous ledges of almost pure feldspar in this region, which

might be advantageously employed in tne manufacture of porcelain ware-

were they nearer to a manufacturing region.

The granite of the Huron islands; as before remarked, is admirablj,
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adapted to the purposes of construction, separating readily into large

tabular masses, and resisting the action of ntmosphorio agents.

Trappean Rocks.— In tlie preceding chapter, we liave described, with

some minuteness, the interlaminatcd masses of igneous rocks which occur

in connection with the slates, throughout their entire range ; and, in the

present chapter, have noted the occurrence of different systems of dykes

traversing the granite, it is, therefore, deemed unnecessary to enter into

farther details as to their mode of occurrence, or their range and extent.

In a subsequent chapter, will be found the results of a chemical examina-

tion of many of these igneous products.

From the commencement to the termination of the azoic period, as indi-

cated by the presence of these igneous products, the primeval crust was
subject to constantly recurring convulsive movements, manifested under
far different conditions, and with far greater intensity, than what we now
behold, even in those districts which are the loci of the volcano and the

earthquake. Sometimes the molten materials rose through the deeply-

seated fissures in long lines of elevation, again they cut through the incum-
bent strata in the form of dykes, and again flowed over the surface in

lava-like sheets.

Accustomed as we are at this day to witness the calm operations of

nature,— operations apparently controlled by fixed and uniform laws, and
rarely invaded by catastrophes, — we find it difficult fully toappreciat : the

turbulence which characterized this period of trjvnsition, when hrst the crust

emerged from the watery abyss, and assumed the distinctive forms of con-
tinents and islands.

M
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CHAPTER rV.
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TKE IRON ORES AND ASSOCIATED ROCKS.

Reference to the General Map and Section as to the Extent and Character

of the Iron-hearing Rocks.— Map of the Iron Region.— General DiS'

tribution of the Localities of Iron.— Description ofparticular Deposits.

— The Iron Cascade.— Jackson Company^ Location.— The Cleveland

Location.— The Iron Beds of the Machi-gamig.— Mear the Menomonee

River.— Occun-ence of the Ores of Iron in other Districts.— In Scan-

dinavia.— On the Island of Elba.— In the Ural Mountains.— In Mis-

souri.— In northern J^'ew York.— In Massachusetts and Canada East.

— Theoretical Considerations.— Resume.

Having, in the preceding chapters, given a description of the geolocical

relations of the azoic system, we now proceed to consider the mode in which
the iron ores are associated with that system ; and, in order to illustrate more
fully many of the phenomena exhibited in this district, we shall refer to

some of the principal deposits of a similar character, in other portions of

the earth.

The extent and boundaries of the azoic system, of which these deposits

constitute a part, have been fully set forth in the preceding chapters.

—

They are. also, delineated on the general map (f the district ; while, on the

general section, the relations of the different groups, ore to another, are

portrayed. On the map of the district between Kewecraw Bay and Cho-
colate river, we have indicated the most important and valuable beds of ore

by an appropriate symbol, thus ( S ).

From the results of our examinations, it will be seen that this district is

unprecedently rich in the specular and magnetic oxides of iron, and that,

so far as rslates to the magnitude of the masses and the purity of the ores,

it stands unrivalled.

Thus far, the principal deposits have been found connected with a belt

of crystalline schists and intercalated trappean rocks, bounded on either

side, by a belt of granite. This belt extends in an easterly and westerly

direction for more than thirty miles, and, in its widest expansion, exceeds
eight miles.

Proceeding south, for forty miles, along the eastern limits of the azoic

system, there are numerous evicfences of the existence of these ores, but

nowhere are they observed to be developed on a scale of such magnitude,
or in such a state of purity, as those of the bt-lt first alluded to.

The physical obstacles are not of such a character as to interpose a
formidable barrier to the successful working of these mines. Elevated from
eight hundred to twelve hundred feet above the lake, the ground affords a
gradual and easy descent ; the streams furnish an unlimited amount of water
power for the propulsion of machinery, and the magnificent forests of yellow
birch and nraple v.'ill yield an ample supply of charcoal for the reduction of

the ores; while, at the landing by the lake shore, the lee of Little Presqu'isle
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forms a shelter for vessels in all but north-east storms. The cities along

the shores of the lower lakes will, at all times, afford a market for these

products, whether wrought into the finer varieties of bar iron and steel, or

m the form of blooms and pigs. When we consider the natural advantages

which these localities present, it seems reasonable to suppose, that the day

is not distant, when the fabrication of iron will be successfully and exten-

sively prosecuted in this region,

GENERAL DISTRIBUTION OF THE ORES OF IRON.

Starting from the shore of Lake Superior, near the raouth of Carp river,

and proceeding westwardly, near the line between townships 47 and 48, we
strike the first deposit of iron in the north-east corner of section 1, in town-

ship 47, range 27. This is distant about twelve miles from the lake shore,

ami, so far as we know, is the most accessible point to navigable water.

Throughout the northern, and especially the north-eastern, portion of this

township, the iron ores exist in inexhaustible quantity, and under conditions

favorable to their development.

The only township which, in point of accessibility, and in the Jibun-

dance and purity of these ores, compares with that just rae;itioned, is that

adjoining on the east, (township 47, range 26.) Here, however, the depo-

sits, thus far discovered, are situated near its southern boundary ; and,

although in reality a litle nearer the lake than those before alluded to, they

are inferior in the purity of the ore.

Ill townships 47, range 2S, but few deposits of iron are known to exist,

the surfice being comparatively low and covered with drift. One or two
quarter sections on the northern boundary have been marked with the sym-
l) )l of iron ( S ), in accordance with the notes of the linear surveyors,

tlioigh we failed to find any beds of value. On the northern side of

section 18, in this township, we found specimens. which indicated the exist-

ence of ore of a good quality in the neighborhood.

In tow.iship 47, range 2), several localities of ore have been observed,

in a line nearly due west from the great deposits described as occurring m
range 27.

.

Proc.ee.liag still further west, in the next range (townships 48, range 30.)

there are abundant traces of iron associated with hornblende rocks, along

the northern shire of Machi-gummi, while m the adjoing township souths

on section 1, and in the a Ijoining township east, on sections 6, 7 and 12,

on the borders of the Michi-g.\nig river, these deposits are largely devel-

oped and possess a considerable degree of purity.

It is pres'i ne I thit these ores are prolonge I in their range beyond the

Mrichi-grinig, and in fact their existence, to a limited extent, has been as-

certiiined by the linear surveyors ; but the general surface of the region is

here intersecte I by few ridges, aid covered over with transported materials.

e.Te^tually concDaling the ui terlyiig rocks.

Farther west, oi the siarces of the B:\ 1 river, Mr. Whittlesey, while
connected with the survey of the Chippewa district, discovered numerous
deposits of iron, in the azoic series, and under conditions similar to those
which prevail here.

Crossing the \Iachi-g'\mig, the belt of azoic schists sweeps to the south
and southwest, iatersectin^ the Menomonee river, along the south-western
boundary of our district. Th"" u Thout this portion of their range, the oc-

^11

'i
f
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currence of these ores is by no means: rare, but they are nowhere developed
on such a scale, or exhibit so great a degree of purity, as those in the

vicinity of Teal lake ; some of the beds, howevei-, are valuable, and may
ultimately be made available. The most southerly deposits are in township

40, range 30, a few miles east of the Twin falls on the Menomonee river,

and are among the most extensive and valuable in this portion of the district.

When it is remembered that nearly the whole of this region is an
unbroken wilderness—without a human habitation, if we except the set-

tlements along the valley of the Carp, or a trace of the labors of man,
if we except the surveyor's lines, or the few blind Indian trails—it seems
reasonable to suppose that, at Ibis time, we }iav.e but an imperfect idea of

the extent of these iron-bearing deposits. The more important masses
have been discovered ; but there aic, undoubtedly, subordinate beds, equal

in purity, and susceptible of being wrought, which will not be revealed

until the axe shall level the forests, or the plough strip off the superficial

covering.

From, the above sketch of the geographical lange of the principal

deposits of iron, it will be noticed that, in the belt of azoic rocks as far

west as the Machi-gamig river, they predominate along the northern side

of township 47; so that, if we take a line running due east and west
between this lowiisliip and that of 48, for a distance of about eighteen

miles in length, w(! shall llnd nearly all of the valuable deposits conaen-

trated within a short distance to the north and south of that line. A ten-

dency to the formation of a smiilar belt may be noticed along the southern

side of township 47, wliere the aj^oic schists are in close proximity to the

granite.

PARTICULAll LOCALITIES or ORE.

We now proceed to a more detailed description of some of the more
important iron-deposits of this region. The great similarity which exists

among the different localities, renders it unnecessary to describe all which
have been examined in detail ; but, as a guide to the explorer, we shall

insert in the appendix a table of the sections and quarter-sections on which
iron ores are known to occur.

Township 47, Range 2(3.— The principal deposits of specular and mag-
netic oxide of iron are on and near the line between sections "7, 28, ^9
and JiO, and sections 31, 32, 33 and 34 ; they are arranged in a metal-

lit'erous belt, bearing nearly east and west. In section 31, the iron ore is

finely displayed in the bed, and along the ' mks, of a small stream which
is one of the sources of the Escanaba river. Al one point, it is precipi-

tated over a ledge of this ore, from a height vi' 27 feet, to which fall we
have given the name of the "Iron Cascade." The stream is of sufficient

size to furnish water-power, in case a forge should be established here.

This ore is a })eroxide of iron, mixed with considerable silicious matter,

(see analysis,) and seems 'r, exhibit indistinct lines of bedding which dip

at a high angle, and are intersected, at nearly right angles, by joints which
cut the mass into large tabular blocks. The quantity of the ore is evi-

dently very great, even at this one locality ; but its limits and thickness could

not be ascertained, owing to the heavy accumulations of drift which Mne

the stream on either side above the cascade, forming steep banks some fifty

feet in height.
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Proceediue eastward, we find, at the north-east corner of the section,

and along tne section line for the distance of a mile or two, at various

points, the apparent prolongation of the same metalliferous band; but

differing in character from that just described. The ore resembles the banded,

jaspery deposit, on sections 10 and 11 of the same township, in the next

range westerly, known as the Cleveland location. In fact, throughout the

whole extent of the azoic series, up to the granite, which makes its appear-

ance a little north of the south line of the township,—the line of demarca-

tion running nearly east and west along the w'hole of the township,—the

slaty rocks are so associated with the iron, that it is evident some great,

general cause has operated throughout their whole extent to impregnate

the entire mass with this metal. The relation of the schistose rocks and

the associated ore may be seen from the following section, (Fig. 8,) near

the north-east corner of section 31

:

!

m
Fig. 8.

N. ,-• S.

-

'•«,

a is a compact, quartzose mass, liighly charged with peroxide ol' iron, so as to bo perfectly

bhick, although distinct grains of quartz can be easily "ecognized iu it.

b is a somewliat sl.ity rock, resembling hornblondo slate, also impregnated with iron,

which occasionally forms in it bands of quite pure ore, and in some places alternates with
jaspery matter, as at numerous other localities.

!V1-

uid

ine

%

The presence of the peroxide of iron, in two adjacent rocks of so differ-

ent min'eralogical composition, proves that its diffusion through them
must be ascribed to some general cause, quite independent of the nature of

the rock itself.

We do not regard these ores as equal in value to the purely eruptive

ones : an abundance, however, may be obtained, which will probably yield

as high as forty, or fifty, per cent of metallic iron.

Along the line between sections 33 and 33, near the junction of the
azoic schists with the granite, the relations of the iron and the slatj and
quartzose rocks are finely displayeil, in a ravine which extends for a coi-sid-

erable distance in the e.ist and west of this lino. The phenomena, here,

p.re of the most coinplicHlod and interesting character. On the north side

of the ravine^ we have the slaty and quartzose rocks dipping at a high
angle to the north, and presenting a great variety of mineralogical structure.

Quartzose bands, composed of fine grains of silicious matter, impregnated
•with peroxide of iron, with occasional wide bands of pure ore, alternate

with a hornblende rock, having a schistose structure, and equally charged
with ferruginous matter. The whole appearance of the mass is that of a
series of beds of quartzose and hornblendic matter, thoroughly impregnated
with iron and greatly disturbed, and changed from their original structure
and position. On the south side of the ravine, at a distance of a couple of

hundred feet, a complicated succession of trappean and granitic belts,

crossed by numerous veins of igneous rock, is presented. Here, however
the rock is no longer charged with iron.

Township 47, Range 27.— Here, the deposits of iron, as before stated,

are displayed on a grander scale than in any other portion of the district,
- 3 A
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and ment a special description ; since they are not only preeminent in quan-
tity ajid purity, but are situated so favorably with regard to facility of
working and proximity to the hike shore.
The location of the Jackson Company embraces section 1, of the ab()^c

townrfiip; but their forcjcs arc situated in township 48, range 26, near the
corner of sections 28, 20, 32 and 33 on Carp river, which affords excellent
water-power.

The ferril'erous band here forms a ridge about a thousand feet in width,
and from a few feet to fifty in height, above the general level of tlie sur-
rounding country, and can be traced' almost continuously across the section
in an easterly and westerly direction. On the northern 'side of the belt, tlie

ore is compact, and of great purity ; near the centre it exhibits a bande J

structure, while, to the south, it passes again into the compact variety. The
annexed section (Fig. 9,) by Mr. Hill, will serve to illustrate these changes,
and show the connection of the iion with the associated rocks.

Fig.

11

N.

5 5

Section of the Jackson Ore Bed. Width 1000 fee'.

1. Clilorite slate. 2. Compact iron oie.

4. Ilomblende and Icldtpar rock, liiglily

crystadiue.

3. Iron and Jasper, in alterant ingbanda,
5. Veins of quurl:^, containing iron-

glance, cutting tlic mass.

Thus, it will be seen that this deposit is bounded on the south by a purely

igneous rock (4), and on the nrrth by slaty, chlorilic beds (1), the dip

being about 62° to the north. Towards the centre of the mass, the ore is

less pure, and passes into the banded variety. Numerous veins of qua-tz

(5) cut the great mass of ore, and contain specular oxide in large, brilliant

plates, which present quite a difi'ercnt appearance from the ore which they

traverse.

The character of the ore of this locality is somewhat various at different

points; but, in general, it possesses a remarkable degree of purity— for a

description and analysis cf Avhich, see the chemical composition of the iron

ores in the succeeding chapter. The iron hr.s been worked to a limited

extent in an opon qaat-ij-, but there -ire loose blocks enough scattered along
the base of the cliff to supply a furnace for many years.

The same deposit, above (lescribcd on section 1, continues westerly into

section 2 ; hut this latter section is far less valuable. The trappean rocks

here form . bold ridge along its northern boundary, being a continuation of

the liditre on section 1. In the sections still farther west of tliis tier

nothing of value has been discovered.

In the north-efist corner of section 12, next south of section 1, there are

evidences of a deposit of iron in the deep red soil and large masses of

ore, which lie near the surface on the side of a hill, of which the summit
is a crystalline trappean rock. No part of this section, hov»ever, has been

reported as containinsr a woikable- deposit of ore.

In the next adjoii.ii.g • ectiors west, (10 and 31,) are deposits of ore on

a sc^le of great magnitude ; they are, in fact, unrivalled in the abund-

(
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ance and almost absolute purity of the ore. The purest ore occurs in a
ridge, or elongated knob, which extends across the line between these two
sections, about an eighth of a raiie south of their northern boundary. It

rises with precipitous walls to the height of at least fifty feet above the

surrounding surface, and is made up of an almost chemically pure ore. It

exhibits many of the cliaracters of an igneous, eruptive rock, and cannot

be regarded in any other light than as a huge lenticular mass, which has

been elevated to its present position from beneath, while in a semi-fluid

state, exactly in the same way as the trappean ridges which accompany it,

and which it so strikingly resembles in general outline and position. The
ores of this ridge, though in the highest degree of purity, differ soraev/hat

in appearance at different points. The purest portions are a very compact
and fine-grsined specular ore, having an imperfect slaty st'*ucture, and
traversed by joints, like the slates in the neighborhood. Through this

fine-grained base are scattered numerous, minute crystals of the magnetic

oxide. In other places, th^ ore is almost entirely made up of an aggregate

of crystals of the magnetic oxide, sometimes very minute, and rarely larger

than a pin's head. Abundance of ore may be obtained in loose blocks,

around the base of the ridge, and of a qudiity I'nrivalled for purity, con-

taining between sixty-nine and seventy per cent, of metallic iron. (See

analyses of ores from this locahty.)

The emanations of metallic matter have penetrated the adjoining slaty

rocks in the vicinity of this locality, and filled them with crystals of mag-
netite oxide and occasional streaks and bands of fine-grained peroxide of

iron. The thickness of tlie mass described above, or its linear extent, can-

not be given with accuracy, as its limits are concealed by the heavy cover-

ing of drift which extends over the greater portion of this region ; but it

may be safely stated that this single locality is capable of furnishing an in-

exhaustible supply of ore; and that, too, without recourse being had to

expensive underground mining.

Farther south, we find another deposit of ore crossing the line between
the same sections (10 and 11), on a scale of still greater magnitude, though
not equal in point of purity, to the ore last described ; this is known as the

Cleveland location. It rises in the form of an elongated knob, or ridge, to

the height of one hundred and eighty feet above the small stream in the
valley at its base, and one hundred and fifty-two feet above the drift ter-

race, over which the road passes near its northern slope. Its height above
Lake Superior is 1039 feet, and it forms the - uhninating point on this line,

between the two lakes. This mountain of ore, for such it may be called,

is no less remarkable for its magnitude, than for its extraordinary structure.

rt is made up, as fiir as it is exposed on its sides, which rise irregularly,

and in some places with vertical walls, of alternate bam!,, uf pure fine-grained

peroxide of iron and of jaspery ore. The thickness of the bands v.'' ies

irora that of a sheet of pap'jr up to one-fourth of an inch. They are not
arranged in a constant position, with regard to the general disposition of the

mass ; but are twisted and cratorted in every variety of form and outline;

the curvatures are, however, mostly on a very small scale, the radius of cur-

vature in the concentrically folded layers being never as great as one fool

in lengtn. The deep-rod color of the jaspery portion contrasts admirably
with the steel-gray of the less silicious bands ; indeed, the singular beauty
presented to the eye on stripping off the mossy covering of a vertical wall

thus decorated by innumerable, fautastically-interwovea stripes of harraoni*

;; ;i
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zing and brilliant colors, can hardly be exaggerated. We know of nothing

resenibling it elsewhere. Th'T pevuliarity of structure, as well as the con-

volutions, is represented in ol'Iu ." X> J., Fit;. ;}.

The width of this deposit Oi 're cannot be less, at its base, than a thou-

sa^id feet, and it may be traced ibr considerably over a rai'e in length. It

is probable that the deposit which occuis on the western line of this section,

south of the trail, is a continuation of that just des'iribed. It appears in

the form of a rounded knob, portions of which are oi very pure ore, while,

in other places, it exhibits the same banded sliucture as the more easterly

portion of the ridge.

In the line of sections next south of 10, 11 and 12. namely, 13. 14 and

10, there is a large quantity of ir'^n at numerous localitl?:-?; but so fnr as we
liave examined them, they are much inferior in quality aud purity t(. lliose

just described. The iitotallic matter has apparently not iieen thrown Uj)

bodily in a fluid, or seuurUad, state ; but has permeated the slaty, silicious

rocks in the form of a ^ubliuiation from bi low, and is, theiCiore, not pure,

being mixed with more or lr;s foreign matter. At the south-eastern corner

of section 13, the h> riJ>luiii(' slate hi iliis impr.'gnatcd with iron, which
occasionally forms in it streaks oi qui*'' i^ure ore, tmt n'jt of any consider-

able th.ckness.

The same may be said of namf-rocs locclilios ixlomi; the line between sec-

tions 13, 14 and 15, and sections 22, 2'-i a,H; ^-4. hi proportion, however.
i:s we recede to the ncrth, or south, of a bru.udbout a mile in v.idth, occupy-

Jt)g the northern portion of the lownshtp; v.e find the qu-^iutity and purity

of tfie ore deteriorating.

Tovnship 48, Range iJO.— On Ihe northern shore of Machi-gummi, iro?i

has bceii ob.vtrved at several locfUnies, but it possesses no great purity. It

is associ'itcd with compact hornbl' nde and foldsjiar rocks, which may be

enjptive in their • ngin. In some insf.mces, it occurs in slates, when it par-

takes of the lamimfU'd structure characteristic of these deposits. In other

instances, tor example alone; the south boundary of section 32, township

48, range 30, it is assocuvied with a rock in which qunrtz largely predomi-

nates : an association verv common in the Adirondack ores of New York.

Tovmship 46, Ranges 29 and 30.— The largest mass observed by us in

this region occurs on the Icti bank of the Machi-giimig, in section 7, of

township 46, range 29, and < races of it are to be observed on several of the

adjoining sections. Jt here rises in a neirly vertical cliff to the height of

one hundred and thirteen feet, and is somewhat variable in purity. For
the mo^it part, it has a slaty cleavage, and, on close inspection, is observed

to be composed of alternatinjL>" bands of micaceous specular iron and quartz,

tinged red by the peroxide of iron ; but there are occasional belts which
disjilay a granular texture, and apparently possess a greater degree of

purity. Tiiesc lamina^ 've nearly vertical, exhibiting few contortions, and

range with s'^ much unifi-mity, vhat the observer would be inclined to refer

both the slates and the iron to a common origin. Interlaminated with it,

is a band of rock composed mainly of white, granular quartz, with traces

of feldspar, through which are disseminated particles, as well as rounded

masses, of specular iron. It i« difficult to pro- nee whether this is a

confrlomerate, or a breccia. Notwithstanding : -mmense development

of this iron, it was found impossible to deteriiime its relations to the

surrounding rocks, a fact of mucli importance in judging of its igneous, or

metaraorphic, origin. At several points, veins of pure white quartz were
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seen Iraveriilng the cliff, which contained iron glance, a form of this mineral

which was no where noticed except in this association.

In the vicinity of portage No. 4, and on the right bank of the river, ac-

cording to Mr. Burt, the same kind of specular iron is seen in ledges twenty

and fifty feet in height ; and another exposure of equal magnitude was
noticed fm the north boundary of township 46, range 29 ; but in both in™

stances, the associated rocks were not recognized.

On t?ie it)rth bount'ary of tov/nship 43, range 31, Mr. John Burt observed

a b^d of v\ n possessing a considerable degree of purity, but of ineonsider-

Township 40, Range 30.— This, as for as known, is the most southern

position of the ii on, and of course nearest to the navigable waters of Lake
Michigan. Its position, however, as will be seen, is far less favorable than

that of the deposits in the vicinity of Lake Superior, and we do not, there-

ab/e, Lelieve the iron will become of practical value, at least Avithin a rea-

sonable time. According to Mr. Whittlesey's notes, the bed is exposed
-ir the south-west corner of the township, at several points along the

wost siviP of a hill which is about one hundred feet in height ; its

breadth is from one to two hundred feet, showing nothing but slaty iron

ore on its summit for a distance of forty rods. The real extent of this de-

posit is concealed by heavy accumulations of ilrift and boulders along its base

and on the summit of the ridge; but it probably extends eastward for a con-

sitlerable distance. The distance from this deposit to the Menomonee river

is only two or three miles; this river would furnish a great amout of water-

power in the neighborhood of the ore, but is not navigable except for canoes,

which can be carried round the immerous falls by portages. The quality of

the ore does not appear, from the specimens collected, to be very good, it

being mixed with more than half its weight of silicious matter. The sur-

face of the township is so covered by burnt and fallen timber and a thick

undergrowth of maple and poplar, that it is difficult to ascertain much with

regard to the character of the subjacent rocks.

T')W)iship 40, Range 28.—In the south part of this township, on the line

between sections 28 and 29, there is, according to Mr. Burt, a deposit of

iron of considerable extent. It is at least a hundred feet in breadth, and
extends probably three-fourths of a mile in a linear direction. The speci-

mens of the ore show a very high uegrce of purity, as they contain but little

silicious matter, and are a mixture of tlie peroxide and magnetic oxide,

yielding from 03 to 68 per cent, of metallic iron. (See analysis.) The course

of the beu is N. 80° E. S. 80" W., and the dip is 80° to the north. This is

probably the most valuable deposit of ore in the southern portion of the dis-

trict, thus far observed.

Township 42, Range 30.— In the soulhein part of this township large

blocks of ore have been observr i, hni tiie be;. v,"is not discovered.

Townships 42 and 43, Rn\::e 32.—in these townships, several localities

of ore are reporte?! by M' ; )im Burt; but, a,, lie remarks in his notes, they

are not generally of suff:. .enlly good qiiality, or extensive enough, to make
them of much value. Tiie ores of this jiortion of the di:-'rict are generally

much mixed with silicious matter, and far inferior to those of the deposits

farther to the nr"-th-east. (See analysis.)
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0CC17RRENCE OF IRON ORES IN OTHER DISTRICTS.

Having thus briefly indicated some of the principal localities of iron in

our district, and given an account of their association with the slates and
trappean rocks of the azoic system ; for the purpose of cnabhng the reader
to form a clearer idea of their probable origin, geological position, and mode
of occurrence, we propose to allude to some of the most extensive and im-
portant deposits in other parts of the world ; excluding from our notice
those ores which occur chiefly in the form of an impure carbonate, in the
carboniferous series, and which are of such groat importance from their

immense development in connection with the coal. With these ores, those
of Lake Superior have no analogy, either in their mineralogical composition,
or their mode of occurrence. It is to those great deposits of the oxides of
iron which occur in various parts of the world, that we are to look for the
means of comparison. Among these, the best known and most extensive,
in Europe, are those of Sweden, of Elba and Russia ; and, in our own coun-
try, those of northern New York, and Missouri. They are of great extent
and of remarkable purity.

Mines of Scandinavia.— According to the best authorities, and especially

Durocher, who has given a very detailed and careful description of the
metalliferous deposits of Scandinavia, the ores of iron may be arranged in

the following scheme.

a. In gneiss alone, or accompanied by
granite, and in the allied Blatcs,

talcose, micaceous and ciilcare-

ous.

*. In hornhlende rocks, intercalated,

or interposed, in the gneiss.

I. DITISON.

Deposits in the azoic

ystem, (gneiss and
areillaccous slates.)

A. Deposits ofpure mag-
netic oxide.

n. DIVISION.

Deposits in the

pftkeozoic series.

III. DIVISION. \

Recent deposits. )

B. Specular iron, some-
times pure, and sometimes
mixed with magnetic iron.

C. Magnetic oxide.

Masses of magnetic and
tact of the palicozoic rocks

I In gneiss and associated quartzosc,

I
and miciiceous slates.

In the argillaceous sktes.

, rarely, of specular oxide, near the con-
and the granite.

Bog ore in lakes, swamps, ^c-

ffii

The deposits of the first division are by far the most important ; those in

the palaeozoic rocks the least so. It will be noticed particularly that the

former are enclosed in the azoic series, which in Sweden and Norway is

made up principally of a crystalline, granitic gneiss, presenting an almost

infinite succession of feldspathic, quartzosc, micaceous and hornblende lami-

nae, and often cut through and disturbed by dykes of greenstone and granite.

The researches of Murchison and de Verneuil show conclusively that these

rocks had taken their present form before the deposition of the lowest

Silurian strata. There are several localities where the magnetic oxide

occurs nearly pure and without gangue ; of this, the mine of Eispberg fur-

nishes a good example. It has the form of a lenticular mass, and its

longest axis coincides with the direction of the schistose structure of the

slates in which it is enclosed. The mines of Dancmora arc in a ferriferous

band of about 600 feet in width, and 7000 feet in length. In the neigh-

bourhood gneiss is the prevailing rock ; but, in the iinmediate proximity of

the mines, the rock exposetl is a greyish limestone, slightly raagnesian, ac-

companied by talcose and chloritic slates, which probably are subordinate

^^
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to the gneiss. The deposits oi iron form imperfectly cj lindrical masses,

their axes almost vertical, and their bases much elongated in the direction

of the schistose structure of the rock.

The mines of Uto, which are especially intorosting to the mineralogist on
account of the quantity of lithia minerals which are found there, are of

great importance. The orf is principally the specular oxide mixed with

tne magnetic oxide. It is in the form of lenticular masses, enclosed in

micaceous slates ant! quartz-rock ; at the point of contact of the ferriferous

mass, the quartzose beds predominate, and the silica is often colored red by
the peroxide of iron. The principal deposit is about one hundred and

twenty feet in its widest part, i'orraing an enormous, lenticular mass of an

irregular contour, and with a vertical axis.

At Gellivara, the magnetic oxide forms a mountain mass three or four

miles in length, and a mile and a half in width, a great portion of which is

very pure, some portions containing spocular ore mixed with magnetic
The principal reason why this enormous deposit has not been worked to a
great extent, is its remoteness from navigable water, and its very high

northern latitude, (67').

These deposits are called, in Sweden and Norway, veins ; but they differ

materially in character from what is genernjly understood by true veins.

With a few exceptions, they appear to have been deposited in the midst of

schistose, or massive rocks, in forms which approach more nearly to beds, or

elongated bands and irregular masses; and they have evidently not filled

previously-existing fis.sares which cross the strata at an angle, but almost

uniformly coincide in the direction of their greatest elongation with the

strata of the schistose rocks.

The micaceous, specular ores are generally associated with the quartzose

and mica slates, but rare'y with the calcareous rocks. Where the: ^ is cal-

careous matter near the junction of the ore and the enclosing rock, there is

a great variety of minerals in the gangue, indicating that they were
formed, under certain conditions, by the metamorphic action of the ferrifer-

rous mass upon the ailjacent rocks. The mine of Hassel, in Norway, offers

a good instance of the tendency of the specular ore to associate itself with

the quartzose and slaty rocks. The deposit is not a vein, but rather a

series of slaty beds impregnated with peroxide of iron, to the .amount of

twenty or thirty per cent.

The Mines of Elba.— The mines of Elba, which have beim so long

known as to have acquired a classic celebrity, afford abundant proof of the

igneous origin of the specular ores of iron ; and, on that account, are of great

interest to the geologist. The deposits of iron are piincipally concentrated

in the eastern part of the island, where they are associated with serpentine.

The sedimentary rocks in that vicinity have been metamorphosed and
intermingled with serpentine, so as to give rise to an abundance of beauti-

fidly variegated marbles. The mass of specular ore near Rio has all the

appearance of having been formed by sublimation, with pressure from below

upwards, through the strata, which are highly metamorphosed at the con-

tact of the ferriferous mass and '•' tr ,vhich these metallic emanations have

penetrated in every direction. nature of the gangue varies with the

rock in which it is contained. In the quartzose slates, it is mostly crystal-

liiied quartz, and ,n the calcareous strata, aciinolite and yenite ; so that it

13 evident that these effects could only have arisen from intense igneous

action.

ml
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The appearance and relations of he mass of magnetic oxide and hema-
tite of Monte Calaraita, an; such as to leave no doubt as to its igneous

origin. This deposit, which is much more exit-nsive than that of Rio, has

uplifted the incumbent strata and produced all <he edects of metamorfhic

action upon them. For instance, tlie rompac' limestone which lies adjacent

to the ferriferous mass, is changed into a sacrb ti ' dolomite, and, along

the line of contact, silicates of lime, magne.-.,i I . ui liave been devel-

oped. T' ' whole appearance of the uiii is, act )> j.^ to Eurat, that of an

immense wedge driven upwards from briow into the calcareous and schis-

tose rocks, producing all the cfl'ecls to lie expcctcil from the intrusion of

such a mass by igneous agency.

The age of the deposits of tlx- ishind of Klba is probably later than the

.Jurassic epoch; but it must be obscived llial, although th' sr . [ , I.ave

become very celebrated, from the great length of t'lmv duniig which they

have been worked, jet the deposits aie by no means on a scale of such

magnitude as those of the azoi<- system, though highly interesting from

the evidences of igneous action which they present.

Russian Mines.— The iron ores of iSijny 'i'ligilsk, in the Ural moun-
tains, occur in immense masses, which are thus described b- Murchison and

de Verneuil, in their Geolojfv ol Russia. From this, it v.Jl be seen that

the associated rocks of tlu t\\(j regions (Lake Superior and the Ural) are

somewhat similar, though diflering in age.

"On the summits and slopes of the Yissokaya-gora, patches of ore

(usually compact, and with a conch' dial fracture,) have been extracted

from a very remote period ; but, whellier these metallic masses are merely

the upper portions ot veins which tra^ erse the surrounding rock, or mere
adherent superficial patches, which occupy cavities and clefts in the gre«n-

stone, we could not ascertain. However this may be, the chief mass of

the ore is now seen to occu])y the valley on the western side of the hill, lor

it has been deeply cut into by open quarries. The refuse stuff, or capping

of decomposed i'eldspar and mixed matter, with hydrate of iron, having

been cleared away, an enormous body of the iron ore, (fer oxydule,) rudely

bedded, and traversed by numerous joints, is exposed by great works along

a face which, including the useless overlying materials, has a height of

nearly a hundred feet, and a l-ngth of several hundred

When on the spot, it seemed to us possible *.( accouiit for the ppearance

presented by this metallic accumulation, most of which is now but little

solidified, either by supposing it to hav(> been of plutonic origin, and that,

lr-',aiii^ from fissures on the hill-side, it had flowed, \vhen in a molten state,

into the hollow where it lies ; or. that it was formerly a mass of sedi-

mentary materials, which had been altered and mineralized b} hr <t and
vapors, which, making use of parts of the surrounding Hmc.-'^one ; a flux,

had elaborated the metallic substance. A feature pointed ' to r •; by M.
Schwetzoff, may serve to throw some light on the question he rigin of

the iron. In opening out the side of the vall'>y, nearest to tht hill of

greenstone, irregular knobs, or points, of that rock were met with, on strip-

ping which, it was foun'^ 'hat the iron ore had nccornmodated itself to the

inequalities of the surfacj, and that, at such pohits of contact, the ore was
not only harder and more crystalline than usual,—in fact, almost unmanage-
able by the workmen—but, also, much more magnetic than at a short ais-

tance from the greenstone.

JNow, if the observer were furnished with no other data than these, he

(

rcagnl

at Nil

and tl

itone

mud,
widthi

the vs

on the

At
right r

porph;

cxtrac

view t

had be

we we
made i

posterii

Ifwi

ti:»!'"



«1 L4]

are

of

for

ping

mg
dely

ong
of

mce
ttle

at,

te,

di-

nd
X,

M.
of

of

lip-

Vhe

tniglit, reasoning fiotn the countless analogies of un ciinorphism which
result from the eruption of igneous through sediraeiitary matter, infer that

the greenstone, intruding into ancient materials, had, in producing a change

throughout their "whole mass, rendered those parts only which were in con-

tact with it, most crystallint- and metallic, by the development at such

points of the most powerful electrical action.

We leaned, we confess, when on the spot, to this opinion ; but, after

having read the memoir of Colonel llelmersen, upon the origin of the

magnetic iron ore of Blagodat, we are bound to admit, that the phenomena
at Niiny Tagilsk may possibly be explicable in accordance with his views,

and that the metallic iion ore may have penetrated the preexisting green-

Stone of the hill, and thence have (lowed, as submarine lava, or volcanic

mud, into the contiguous depressions. The fact, that the ore expands in

width, thickness and dimensions, as it is followed into the lower parts of

the valley, and that it fills up the sinuosities of the subjacent rock, seem,

on the whole, to favor this view."*

At Blagodat, the chief eruptive rock is fcldspathic augite porjjliyry. Up-
right masses with metallic surfaces arc seen to rise out, as is were, from tne

porphyry, indicating the ancient quarries from whi. i the iron ore has been
extracted. When on the spot, we were rather disposed, they remark, to

view the great lateral and rudely stratified accunuilations as sediments which
had been metamorpiiosed by the influence of the contiguous er\iptive rocks;

we were then ignorant of the fact, that dykes of really intrusive character,

made up of crystalline and igneously-formed minerals, and clearly formed
posterior to the mountain, contained similar iron ore.

If we turn i
)'

' the foreign I k lities of this class of deposits to those of

our own C(>imtry, "c shall lim ' liat they possess many features in common,
and that they wer; 11 derived, probably, from a common origin.

Tro?i region, of Missouri.— From Mr. Charles F. Mersch, an intelligent

German metallurgist .. \\o was employed for several years at the Iron moun-
tain of Missouri m superintending the erection of furnaces and directing

their operation, we derive the )llowing information:
" The specular and magru iron ores in this portion of Missouri are

found in the porphyritic rocks which constitute all this part of the region.

The Iron mountain proper is a conical hill at the western extremity oi one

of these porphyritic ridges, its base covering an area of about three quarters

of a square mile. Its height is very nearly two hundred feet above the

surrounding plain, and its summit is an isolated cone; but on the eastern

side, some thirty feet towards a narrow wall of porphyritic rock which con-

nects it with the ridge forming the western extremity, the junction of the

, iron ore and porphyry is very plainly seen, along the line of intersection of

the surfaces of the two mountains. The specimens along that ifne contain

the two rocks mechanically mixed. At a short distance on either side of

this line, the iron ore and the porphyry are pure

This Iron mountain seems to consist of one single mass of compact oxide

of iron, almost pure peroxide, with not more than two or three per cent,

of silicious, or aluminous matter. Its top presents some large fragments,

but without any indications of stratification.

This same specular ore is found in several places in other parts of the

Russia and the Ural Mountains, Vol, L, p. 371.

1 1 i

^'W

-^\:i



[4] 63

I
' i

l;'

'

mountains, but nowhere in such an extensive mass. It seems to form bedi

coeval with the porphyry which encloses it.

Some four or five miles south of this iron mountain is situated another

of a much larger size, known in the country as the Pilot knob. Here the ore,

though not very dilfcrent in itschiinical composition, isdilfertnt in its phy-

sical characters, and is known as the magnetic ore.

Its altitude may be five or six luiruired feet; its summit being about on
the same level as the highest points of the porphyritic ridges. This, too, is

an isolated cone, and the ore occurs from the summit to the base, appa-

rently forming an immense dyke bisecting the mountain, which is porphy-

ritic, like the surrounding ridges. This ore not only occurs in lamina;, lite

the slates, but varies also with regard to its purity— in general becoming
more slaty as it becomes purer. When the impurities increase, the mass
loses this slaty structure, and constitutes a rock similar in appearance to

porphyry.

As to the relation of this porphyritic formation to the granite, I can only

add that, to my knowledge, there is no real black, or grey, granite in the

country ; but about two or three miles to the south-west of the Iron moun-
tain, commences a very remarkable formation of syenitic granite, in boulder-

like masses, resembling in its external characters that of the Nile. These
rest on dome-like formations of the same nature, with divided lines of stra-

tification, or division, running more or less parallel with the surface.

As to the relative age of this formation and the porphyry, I have no
facts to foimd an opinion upon.

With regard to the sedimentary formations, the only ore I ever saw im-

mediately connected with the porphyry is a sandstone (Potsdam ?) which
has been almost entirely destroyed by subsequent aqueous action; but which
is posterior in age to the porphyry and iron; since, wherever the layers ot

the latter come in contact with the porphyry, they repose in a nearly hori-

zontal position—a fact the more important, since there are portions of this

formation in other parts of the district, with different dips, produced in my
opinion, by the action of water.

En resume, I have never observed in the iron region of Missouri, to

which the preceding remarks refer, one single feature which would autho-

rize me to infer, or suspect, any volcanic or plutonic action posterior to the

formation of the first sandstones, except such action as might have caused

the absolute change of level in the whole country, of which there are

abundant marks."

In a subsequent communication, in reply to additional queries propounded
by us, he remarks :— *' With regard to the rocks which mark the intersection

of the porphyry and iron ore, at the Iron mountain, they are really some-
what like breccias, though fused into a homogeneous mass ; one rock con-

taining fragments of the other, though less angular than is generally the

case with breccias. My impression is that the specimens rather indicate

that the porphyry contains fragments of iron, than the contrary : at any
rate, I have never seen any which I would have considered as fragments of

the two rocks merely cemented together.

With regard to the direction of the ridges, I dare say but little about it,

although my impressions are that they run, at least in the vicinity of the

Iron mountain, north-east and south-west.

There are some features about the Iron mountain which I did

municate in my former letter; but, in order tmy you may

I
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mine how far the geological events of this region agree with thos« of Lake
Superior, I add here a section of the Iron mountain. (Fig. 10.) This sec-

tion hii.s HCtually been made, and there is, therefore, nothing theoretical, or
rather, hypothetical, about it, except the relative thicknesses of the different

masses.

fig. 1

I

i

Sietion of the Iron Montttain,

1. Pori>l»yrltlc mountain.
2. lion inouulJiln, of solid ore of great purity, all over the summit, apparently of unflkthom.

able (lupth.

a. Fragmentu of iron ore, derived IVoni No. 2, rounded as if by tho action of water, rary-
ing in size tVoiu a man's bund to that of a pun, cloHoly ag(;rcgattid, tbu intursticoH being filled

^vith a red, or brownish clay, rich in iron and mangano»o. This stratum baa an average
thickness of six feet.

b. A bed of red clay, without any iron ore mechanically mixed.
«. A slaty rock of clay-liko nature, called, in the country, liard-pan.
d. Sandstone, nut identical, in my opinion, with that before meutiuned.

These deposits are evidently of comparatively recent date, and hare
some connection with the history of the Iron mountain.

It is from the bed a, that the American Iron Mountain Company derive

their ore. Not only this bed, but the underlying one, b, extends some dis-

tance up the mountain. With regard to the two subj^icent ones, I can say
no more. How deep the sandstone extends has not been determined."

Ores of the State of JVeio York.— Our information with regard to these

extensive and important deposits of the ores of iron in New York, is prin-

cipally derived from Professor Emmons's Report on' the Geology o/ the

District, and from our own examination of a portion of this region.

In the nature of the ores and their mode of occurrence, as well as the

character of the associated rocks, there is a considerable similarity to those

of the Lake Superior district, but the analogy with the Swedish deposits is

still more striking. The New York ores are chiefly the magnetic oxide,

with some specular ore, or peroxide. They are included within gneiss,

quartzose, and hypersthcne rocks, and associated, not unfrequently, with ser-

pentine. The gneiss seems to be an obscurely stratified rock, similar in

position to the azoic slates of the Lake Superior region, the upward range

of the ores in both districts being limited by the Potsdam sandstone.

By far the larger portion of both the magnetic and specular ores of the

iron region of New York occurs in the form of masses, apparently due to

igneous agency. These masses appear to be contemporaneous with the

rock whicn encloses them, and, like the trappean rocks, they exhibit a

jointed structure. The extent of many of these deposits is so great, that

the ore can only be considered as a roc/c, and the deposits classed like

greenstone, porphyry, or serpentine, among rock formations. These erup-

tive masses almost invariably coincide in their line of greatest linear develop-

ment, with the line of strike of the associated rocks, but are exceedingly

irregular in their dimensions, expanding to a great width, and then con-

tracting again within very narrow limits, or disappearing for some distance
i'l
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entirely. Although thus coinciding in their strike, they do not invariably

agree m dip, with the planes of the rock enclosing them.

Among the n: ost extensive of these deposits, are those of the Adirondacl.

mountains, which consist of the magnetic oxide, showing in their mode of

occurrence a striking resemblance to the Swedish deposits before described,

of the same class. Notliing like the appearance of regular veins is observed

in them, except the small ramifications which are subordinate to th? large

masses. They have often a jointed structure, and break into tabular blocks.

Some of them are slaty, having parallel lines of separation, a structure

which may, with probability, be referred to the action of crystallizing forces.

The width of these deposits seems to be very groat in proportion to the

length through which they have been traced. Thus, the " Sanford bed,"
according to Dr. Emmons, is exposed for a length of 1667 feet, and its

width is 514 feet.

In describing these deposits. Dr. Emmons appears to have been satisfied

of their igneous origin, and of their being by no means veins. In his descrip-

tion of the ores of Clinton county, however, he seems to recognize, in Iheir

mode of occurrence, all the phenomena of true veins,* in corroboration of

which, he cites the celebrated " Arnold vein.
"

In our examination of this locality, we gave a ditferent interpretation of

the phenomena here displayed. So for from regarding the containing rock

as granite, we thoi'ght we saw abundant evidences of itL metamorphic ori-

gin. It does not appear im the form of a vast, irregular, compact mass; but

presents well-defined lines, like those of bedding, having a uniform dip and
Dearing. The ore is arranged in bands, conformable to these lines, and
although it is slightly vairiable in thickness, it was not observed in any
instance, to cross the min«;ral planes. It has none of tiie characters of a

true vein. There are no well defined walls, grooved and striated— no
distinct lines of separation between the metallic and silicious matter, and no
gangue, different from the wall-rock : so far from it, there is a gradual pas-

sage from one into the other, and, even where there is the greatest con-

centration of the ore, we find diss'^minated particles of silicious matter

which do not differ in mineralogical character from the exterior rock.

From the phenomena here displayed, most; geologists would at orce recog-

nize the deposit as a bed, and not a vein. It is true, this bed does not pur-

sue a uniform direction ; but when it is observed that the quartzose rocks

are here traversed by powerful trappean dykes, we are not at loss to

account for the dislocation.

Ores of Massachusetts.— Canada Ea.^f, —In Massachusetts, according to

Professor Hitchcock, the micaceous oxide occurs in beds. At Hawley, it is

included in the talcose slates, and at Chester, in the hornblende slates, inter-

stratified with talcose siutos.t

Mr. Logan has describer numerous deposits ofspecular and magnetic oxide

of iron, in the townshins of Sutton and Brome,t Canada East, in a prolon-*

gation of the Green Mountains. They occur between two dolomitic belts

on the west side of the anticlinal axis, in a highly metamorphosed formation,

supposed to be the equivalent of the Hudson-river group. He describes

the deposits as beds, ranging and dipping with the associated strata. " The

• Report on the Second Geological District of New Tork.

t Geology of Massachusetts, 612.

i Report of Progress, 1847-8, p. 60 tt ceq.
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ore of the whole of the localities that have been described is of a thinly

laminated or slaty character, often splitting into curved plates where corru-

gations exist, and in the bluff in question the laminae throughout the whole
wee present a most complicated and fantastic set of contortions, but closely

compacted together, in so smooth and polished a transverse section that it

was not practicable to ascertain whether there was a tendency to separation

in the lines of supposed deposit ; a few patallel joints, independent of these

lines, were observed, but giving thick plates." These ores are more or less

titaniferous, of a finely granular structure and contain an admixture of

chlorite. There are, however, in this vicinity, transverse veins of nearl)f

pure specular iron, with a quartzose gangue, cutting chlorite slates.

THEORETICAL CONSIDERATIONS.
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Having thus indicated some of the most interesting localities of the ores

of iron, analogous in their geological position and mode of occurrence to

those of the Lake Superior district, we are naturally led to the considerft'

tion of the theory of their origin : a question of the highest scientific in-

terest, with regard to which the opinions of eminent geologists are at va-

riance. These differences, principally relate to the questions,

I. Are they Veins, or Beds ?

II. Are they of Igneous, or Metamorphic origin ?

To the consideration of these questions, we propose to devote a few
pages.

I. These deposits, so far as investigated by us, display few of the pheno-
mena of veins. A vein we understand to be a fissure of indefinite length

and depth, running, in most instances, across the lines of stratification, and
filled with mineral or metallic matter, differing from the enclosing walls.

The contents of a vein are generally separated from the walls on either

side by selvages of decomposed earthy matter, so that the gangue and
mineral matter are easily distinguished and detached from the accompanying
rock ; moreover, there is generally evidence that the fissure is subsequent

in age to the rock which it traverses. In all of these characteristics of a
true vein, the great deposits of iron, whether observed on Lake Superior,

m Missouri, New York, or Scandinavia, will be found to differ essen-

tially.

We do not intend to imply that there may not be veins formed secondary

to, and dependent on, the existence of larger masses. These appear in

some of the deposits of the New York iron region in the form of ramifying

and branching strings, shooting out from the great body of ore. So at the

Jackson location, and on the Machi-gamig, we have numerous quartz veins,

secondary to the main ferriferous mass, into which the iron has been sub-

limed ; but it is worthy of remark, that in those veins, which never exceed
an inch or two in width, the ore is in the form of brilliant plates, or proper

specular ore associated with a quartzose gangue, which is not the case in

the main body at all. The great deposits of this metal, however, as we
have seen, occur under conditions widely different. The Iron mountain of

Missouri rises up from the surrounding plain like a great dome, or protuber-

ance, while the ferriferous belts of the Lake Superior district expand to

the width of more than a thousand feet. In Scandinavia, they assume the

lorrn of llattciied, cylindrical masses, and the same is true with regard to

Ex.—3
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their occurrence in northern New York, their width, in some cases, being

nearly as great as their extent.

In regard to the junction of the ferriferous belt with the enclosing rocky

masses, it may be said, in general, that there are no selvages and no abrupt

lines of demarcation between the two ; but that they arc, as it were, soldered

together, or else the amount of metallic matter gradually decreases and is

replaced by rock. In most of the Lake Superior deposits, there is a total

absence of any appearance of selvages, and, moreover, there is no ganguc,

or peculiar mineral matter, connected \vith the ore. Where there is a ten-

dency to a parallel structure of the metalliferous belts, the bands of rock

enclosed by them are in no way different in their nature from the formation

itself in which the whole system is contained. Neither do we find any ap-

^

pearance of rubbed and polished surfaces, indicating a subsequent intrusion

of the metallic mass, as if it had been driven in between the strata like a

wedge. This is an important point, since we can hardly conceive of such

enormous quantities of matter having been forced up from beneath, along

the line of least resistance of the strata, without some evidence of such a

powerful disruption of the rock, and of the immense friction of the uplifted

mass against the rocky walls. The almost universally observed coincidence

of the line of bearing, or line of grea*:est extent, with the lines of bedding

of the adjacent rock formation, is another essential point of difference be-

tween the mode of occurrence of the iron deposits, and that of other ores

occurring in regular veins. If there had been a set of previously existing fis-

sures, analogy with the metalliferous veins of the great mining districts would
lead us to expect to find them, in the greater number of instances, crossing

the formation at an angle with the line of direction of the strata. This is

not the case with any of the deposits of ore in the Lake Superior region,

and very rarely, if ever, in the other districts. We find, on the contrary,

that the great iron beds of this region preserve in their direction a perfect

hannony with the slates of the azoic series, which forbids the supposition

of there ever having been a set of fissures formed by any disruption of the

strata.

Having thus shown that these deposits are essentially different from

veins, we proceed to discuss the second branch of the enquiry.

II. Are they of Igneous, or Metamorphic origin ? Or, in other words,

have they been forced up through some -wiJcly expanding fissure and flowed

over the ancient surface in broal sheets ; have they penetrated the prior-

formed strata in the form of metallic emanationij lom below ; or, were they

originally deposited by aqueous causes, bui subsequently modified by direct,

or transmitted heat ?

The occurrence in nature of specular and magnetic oxide of iron, and
especially of the former variety, is such as to leave no doubt of its having
been an original igneous product ; but, whether it is so, in all cases, can-

not, perhaps, be demonstrated. If, however, it appears, that this theory of

its formation is analogous to what we know to be true, in many cases, and
does not controvert any known fact, and that it is the only one by which
the phenomena of these deposits can be explained, we should not hesitate

to adopt it. We know that the sublimation of speculai iron is a phenome-
non frequently exhibited, on a large scale, in volcanic craters. In that of

Vesuvius, for instance, the clefts and cavities are often found lined with
delicate and beautiful crystals of specular iron, deposited in such a manner
as to leave no doubt of its having been sublimed from the seat of igneous

I



67

[ords,

)wed

jrior-

Ithey

frect,

and

Jcan-

|ry of

and

thich

litate

jme-

lat of

Iwith

Inner

Uous

[4]

P

1

acti< '>n beneath. It is related, by Italian nnthors, that at the time 'of the

erupt ion by which Torre de I'Annunziata was overwhelmed, numerous well-

define d crystals of this substance were gathered from the v, alls and doors

of the convent.

Wet'onsider thnt the evidence is sufficient, as shown in the preceding

pages, tO" prove that the slates and quartiiose rocks of the azoic period were
originally deposited from water, and that, since their deposition, they have
undergone great changes in their structure. These belts, we have also

shown, al ternate throughout the iron region with undoubted igneous pro-

ducts, wh ich, in all probability, were poured out during the accumulation

of the se( lilnenta .ry deposits, in lava-like sheets, over the bottom of the sea,

Intercala< tetl am ong these mixed products, we find the immense masses of

ore, and 1 ;o one or the other of these classes, we have no alternative but to

refer thei r origin.

In man y distr icts, there is an intimate association between the iron masses
and the t rappeai i, poiphyritic and serpentine rocks. The Iron mountain of

Missouri occurs in connection with porphyry, without any vestiges of meta-
raorphic rocks ; at Elagodat, upright masses, with metallic surfaces, arc

seen to ritje -out of the augitic porphyry ; at Monte Calamita, Elba, the iron

mass has nj)liftcd and metamorphosed the incumbent strata ; v/hile, in the
Lake Super ior re gion, the trappean rocks very often, but rot invariably, occur
in close jirc )ximity' to the great deposits of ore. On the other hand, the ores

at Dai-\eni<ora are t, \ssociated with metamorphic products^ and the same is true,

to some e7:teiit, of fh-^ specular ores of New York, Canada and Massachusetts.

Were the trappe an rocks found to be an invariable accompaniment of these

deposit?,, there wou Id be little hesitancy in assigning to all of them a purely
eruptir (> origin; bu t when we find them under the form of beds, in clearly

metair.ioi (,hic strata, having a common bearing and inclination, we are dis-

poser i t( )egard ther. a as having been derived from the destruction of pre-

viovisly-ijrme'l igneo ns masses, and their present association to have resulted

fro in aqueous deposition.

The azoic period h'. iv ing been one of long continued and violent mechan-
ical action, there is no reason to doubt that many of the stratf* of which it

is comnosed may have bo en derived from the ruins of previously formed

rocks of the same ag'j, botii sedimentary and igneous. This is clearly shown
to be the case in the. remarlcable knob of conglomerate, describ'd on page

43, which contains rounded f'ragmcnls of the various kinds of ore found in

the adjacent ''egion.

These ores in many districts, assume a banded structuie. This is the case

in the Lake Superior region, where we frequently find them interlaminated

with jasper, chert, quartz and talcose slate. At the Pilot knob, i.i Missouri,

they become lamellar as they increase in purity ; at the Sanford bed in

the Adirondack, tlie same structure is displayed: und, at Nijny Tagilsk,

they resemble a rudely stratified mass.

At first glance, this band ed structure might be regarded by some as the

result of aqueous deposition, by which alternate scams of quartzose and ferru-

ginous matter were s})read ovt^' each other, and the whole subsequently solidi-

fied and welded together by he'at ; but, if we examine the circumstances more

closely, it will bv; found more i.'i 'Hcult to accojiut for ali of the facts, under

this hypothesis, than might at fi'xst appear. The extreme tenuity of these

bandSj whioh are often no thicker than a sheet of paper, renders this supposi-

tion of their analogy to strata highly improbable. In fact, this banded
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structure in many of the Lake Superior ores—for example, at the Ciev^eland

iron knob, will be hardly apparent to the eye, on fresh fracture of a speci-

men, the weathered surface of which may present a beautiful series of intri-

cate convolutions of alternate bands of bright-red and steel-grey. Besides,

in examining this mountain mass, we find every portion exhibiting equally

fine and equally contorted series of convolutions, li' these were reallj the

\ result of aqueous dei)Osition, we should expect, from analogy with other de-

* posits of a similar character, that some of the layers would be of more con-

^ siderable thickness than others ; and that, supposing the contortions to have
,' been caused by lateral pressure of the plastic mass, in some cases, at I ast,

' the foldings would exhibit a considerable radius of curvature, which is not

the case here.

We know of no theory which affords so probable an explanation of this

structure, as that by which the action of seggrogating forces is brought

into play. An analogous phenomenon may be seen both in the igneous and
aqueous rocks of Keweenaw Point. Thus, (in Part I., p. 61), we have

described a concretionary structure in the trappean rocks, resulting from

this kind of action, by which a series of waving and differently colored

bands have been formed. To a similar origin must be ascribed the parallel

bands of red and white, with which the sandstone cliffs on the southern

side of this point are ornamented, the direction of which is in no degree

dependent on the stratification. (Part 1., p. 115, and PI. XII., Fig. 1.)

The jasper of the Porcupine mountains, in the western portion of the dis-

trict, exhibits a banded structure analogous to that of the ores in question.

The flexures are exceedingly intricate, and bear no marks of having been
the result of original stratification. Theie is no actual line of separation

between the lighter and darker bands, and if a specimen is struck with a
hammer, it is found that it no more easily breaks in the direction of these bands
than across them.
On the whole, we are disposed to regard the specular and mp^netic

oxide of iron as a purely igneous product, in some instances poure. out,
but in others sublimed, from the interior of the earth. The supposition,

entertained by some, that it may be a secondary product, resulting from
the decomposition of the pyritous orgs, or from tlie nietamorphism of bog-
iron, is inadequate to account for the accumulation of such mountain
masses, or to explain its relations to the associated rocks.

Where these ores occur in a state of almost absolute purity, in the form
of vast, irregular masses, occupying preexisting depressions ; or, where the
incumbent strata are metamorphosed and folded over them ; or, where they
are traversed by long lines of ferruginous matter in the form of dykes

—

there can be little doubt that these ores have risen up, in a plastic state,

from below.

Where they are found impregnatu}^ metamorphic products, such as
jasper, hornstonc, or chert, quartz, chlorite and talcose slate, not only
interposed between the laminje, but intimately incorporated with the mass,
giving it a banded structure, we are disposed to regard it as the result of
sublimation from the interior.

Where they are included in metamorphic strata, in the form of beds,
of variable width, with a conformable range and dip, and with minute par-
ticles of the associated rock mechanically mixed with the ore, we are dis-

posed to regard them as the result of aqueous deposition, although the
materials may have been derived h\-m the ruins of j)urely igneous products.

11
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We may conceive that the various rocks of the azoic series were originally

deposited in a nearly horizontal position, at a period prior to the appearance

of organic life upon the eartli : that these stratified deposits were composed,

for the most part, of finely comminuted materials, principally silicious and

argillaceous, in some cases consisting of ahnost pure silex, like the purest

portion of the Potsdam sandstone which was afterwards deposited upon

these strata.

During the deposition of these strata, at various intervals, sheets of plastic

mineral matter were poured forth from below, and spread out upon the sur-

face of the preexisting strata. These igneous rocks are exceedingly compact

and uniform in their texture, which would seem to indicate that they were

under heavy pressure, probably at the bottom of a deep ocean. The same

depth of water is also inferred from the comparative absence of ripple-

marked surfaces throughout the whole series.

During this period, the interior of the earth was the source of constant

emanations of iron, which appeared at the surface in the form uf a plastic

mass in combination with oxygen, or rose in metallic vapors, or as a sub-

limate, perhaps as a chloride ; in the one case, it covered over the surface

like a lava sheet ; in the other, it was absorbed into the adjacent rocks, or

diffused through the strata in the process of formation. Besides, a large

amount of iron entered into the composition of the igneous rocks of this

period, chiefly in combination with silica, jis a silicate of the protoxide.

Portions of the eruptive masses were occasionally subjected to denudation,

and the ferruginous particles were, under the action of .olent currents,

spread out in thin beds, or swept into some depression of the surface, form-

ing a lenticular mass, upon which the strata were afterwards accumulated,

When the silicious materials had become impregnateil with metallic matter,

which may have been scattered more or less uniforauly through it, a rear-

rangement of the silicious and ferruginous particles in some instances took

place, under the action of segiegating forces, by which the whole mass as-

jiumed a banded structure.

SubsequenMy, the whole series of beds, sl'.ity, quartzose, ferruginous and

trappeau, were elevated, and, in all probabilit) , folded, perhaps at the epoch

of the elevation (jf the granite ranges on the north and south of the ferri

ferous belt of the azoic system.
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CHAPTER V.

KCONOMIC GEOLOGY OF THE AZOIC SERIES.

Chemical Examination of the Iron Ores,— Method of Analysis adopted.—
Occurrence of foreign Impurities in most Ores, and their Effect on the

Quality of Irov — Methods adopted to detect these Impurities.— Their

Jlbsence in the Lake Superior Ores.— Analysis of Ores from various

Localities in this District.— Remarks on the Results,— Metallurgy of

the Iron Ore ~ - The Catalan Forge.— The Method of working these

Ores,— The Tenacity of this Iron.— Cost of Production of a Ton of

Iron.— Occurrence of other Ores.— Other Economic Materials.

Before entering on the subject proper of this chapter, we shall give the

results of •; •_• iiiuiiytical invtsligation of the ores of the azoic series, since

their chemi, 1 composition is the first thing required to be known, before

forming an opinio" . ^ their economical value.

in the chemical examination of the ores of iron which occur within our

district, we have endeavoreil, not sirn})ly to make our researches with suffi-

cient minuteness to be able lo give the percentage of metallic iron which
they contain, but also to ascertain whether those foreign and accidental

impurities, which usually accompany such ores, were present. This is an
important question, since the quality of the iron manufactured from the ore

ilepends, not only on the method employed in the fabrication, and the skill

with which the metallurgic processes are performed, but also on the nature

of the ore, and the kind and amount of impurities contained.

In general, the method of analysis was as follows : The specimen to be

analyzed was carefully pulverized, and dried at a temperature from 110° to

120° C, In this way, all the accidental moisture contained in the sub-

stance was entirely removed, and none of the ores examined were found to

lose in weight, on being subjected to ignition, after having been thus dried
;

they do not, therefore, contain any water, in chemical combination.

The dried substance was then transferred t-o a bulb-tube, and its weight
being ascertained by weighing the tube before and after the introduction of

the ore, it was then ignited in a stream of dry hydrogen gas. The oxygen
was estimated by collecting the water formed in a chloride of calcium tube,

and thus weighing it directly, or by determining the loss of weight of the

tube, after the ignition. The latter was generally the method adopted, as,

with all the precautions which could be taken, the collecting of the water and
weighing it directly was found to give less accurate results.

The substance, after the reduction, was attacked by weak chlorohydric

acid, which dissolved out the metallic iron, and lelt undissolved the earthy,

silicious portion of the ore. This was separated by filtration, ignited and

weighed, and then, eitlicr fused vwth carbonate of soda and analyzed as a

silicate, or qualitatively determined by the aid of the blowpipe. The
filtered solution was then heated, and a few drops of nitric acid added to

peroxidize the iron, which was then precipitated by caustic ammonia. If

the precipitate of peroxide of iron <'ont;iined iihnniua, it w.^s separated by
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treating xvith caustic potash. The precipitate of iron was carefully dried,

ignited in a current of air, and weighed as the peroxide. The filtrate,

from which the precipitate by ammonia had been separated, was evaporated

to dryness, and ignited to expel the ammoniacal salts, when the nature of

the remaining ingredients, which were present, if at all, only in minute

quantity, could be determined. These were generally lime, magnesia, or

manganese.

In this way, having ascertained with accuracy the quantity of oxygen and
of metallic iron, by calculation from the peroxide obtained, it is easy

to determine the state of oxidation of the iron in the ore,— that is, the

relative quantities of the peroxide, Fe, O,, and of the magnetic oxide,

f Fe O Fe^ + O3.

There are, however, other substances which very commonly occur m
small quantities in ores of iron, and Avhich have a great influence on the

quality of the iron produced from them ; but these must be sought for by
a special examination, and their presence or absence thus demonstrated.

The most important of these substances are phosphorus, sulphur, titanic

acid and manganese ; arsenic and copper are a frequent accompaniment of

these ores, but generally in very minute quantity.

The influence which these foreign substances, when present in the ore,

have upon the quality of the iron manufactured iVom it, depends principally

upon their relative quantity; but, in general, it may be said, that sulphur

and phosphorus have an injurious effect on the iron, if the ore contain any
considerable quantity of these substances ; a ccrtciin proportion of manganese,
on the contrary, is generally considered to increase the value of the iron.

It is generally conceded, that the best steel is not one which contains nothing

but carbon and iron ; but that those varieties which unite the greatest amount
of- hardness and tenacity, with the requisite malleability are such as contain

minute portions of other substances. This is especially true of silicium and
manganese ; of the-^former, the best steel may contain as much as .02 per

cent. Some metallurgists even arc of opinion that silicium is an essential

ingredient of good steel.

In regard to pig-iron, the qualities required in it depend on whether it is

to be manufactured into bar-iiion, or used for castings. In the former case,

the amount of silicium or aluminium, present in the pig-iron, may easily be

sufficiently reduced by puddling, while the sulphur and phosphorus are

much less easily got rid of. For the manut'acture of castings, it is neces-

sary that the iron should have a sufficient degree of fluidity when melted,

and that it should be of a uniform texture, and sufficiently tenacious,

when cold. Phosphorus renders the pig-iron fluid, when melted, and hard,

but, at the same time, brittle, when cold. Sulphur gives a porous texture

to the casting, and is generally injurious.

The best methods of determining the })rcsencc of the above-mentioned

impurities in an ore of iron, is as follows

:

To detect sulphur, the ore should be pulverized, and treated on char-

coal, v'ith three times its volume of dry carbonate of soda, in the reducing

flame of the blowpipe. The fused mass, after cooling, is then removed
from the charcoal with the forceps, and laid on a bright, polished surface

of silver, and moistened with w:itcr. If the ore is perfectly free from

sulphur no discoloration of the stirface of the silver will be perceived on
washing off" the substance, after it has been .illowed to remain upon it for

a few minutes. If a trace of sulphur were present in the ore, it would be
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indicated by a brown stiuji of sulphurot of silver ; if ihc quantity of sul-

phur was more considerable, the stain would bo more deeply and strongly

colored. Of course, the absolute freedom of the carbonate of soda
eriiployed, from this impurity, must be ascertained before using it for this

purpose.

The presence of phosphorus is best ascertained in the following manner

:

A small quantity of the pulverized ore is mixed with aboutfive times its

volume of a mixture of four parts, by weight, of carbonate of soda, and
one of pure sihca, and the whole fused in the oxidating flame of the blow-

pipe, on charcoal. The fused bead is then pulverized, and boiled with
water, which dissolves the excess of carbonate of soda, and the greater

portion of the silicate of soda, as well as the phosphate of soda formed in

the operation, if phosphorus was present in the substance. The alkaline

solution is then supersaturated with acetic acid, and thoroughly boiled', to

expel all the carbonic acid. In the solution, after filtration, a small piece

of nitrate of silver is placed, when the presence of phosphorus will be

indicated, by a more or less intensely colored precipitate of yellow phos-
phate of silver around the spot where the nitrate of silver gradually dis-

solves.

The presence of titanium may be best ascertained by the blowpipe, as

follows : If the quantity of the substance is considerable, it will be made
evident by heating a small portion on platina wire in the reducing flame of

the blowpipe with salt of phosphorus. If titanium is present, the bead
will acquire a deep brownish-red, or blood-red color. If the quantity is

very minute, not over one per cent., the ore must be heated on charcoal,

and after a thorough reduction, metallic tin must be added, when the pres-

ence of titanium will be indicated by the light-yellow color of the bead.

If no titanium is present, the bead will have a greenish color.

Manganese is almost universally present in ores of iron. If the quantity

of this metal is not almost infinitesimally sm.ill, its presence will be easily

detected on fusing a portion of the pulverized ore with a mixture of two
parts of carbonate of soda and one of nitrate of potash, when a peculiar

blue-green color, characteristic of manganese, will be observed. Althcug:i

an exceedingly minute proportion of the metal may be detected in this way,
there may be so slight a trace of it present, as to require a more elaborate

process to render it manifest. In this case, the substance must be dissolved

in chlorohydric acid, and the solution carefully neutralized by ammonia, and
the oxide of iron precipitated by succinate of ammonia ; the filtrate is then

to be evaporated to dryness, and ignited to expel the ammoniacal salts. If

there is the minutest trace of manganese present in the ore, it will be made
manifest by fusing the substance remaining after the ignition with soda and
saltpetre.

Arsenic may be detected, whether it be present in large or small quan-

tities, in the following manner:
A small quantity of the ore, fifty to seventy-five milligrammes, is to Ik-

mixed with about six times its volume of a mixture of equal parts of soda

and saltpetre. The whole is then heated in a platina spoon and the fused

mass treated with boiling water, until all the Sj'oluble })ortion is taken up.

The insoluble portion having been filtered off", the liquid is evaporated to

dryness, after adding a few drops of sulphuric acid. The dry residuum is

then to be pulverized with about three times its volume of oxalate of pot-

ash and a little coal dust, and the mixture heated fn gia&cs
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tube, sealed at one end, and drawn out to a small size at the other. If the

smallest trace of arsenic was present in the ore, a ring of metallic arsenic

"will be sublimed and deposit itself upon th" inside of the tube in brilliant

crystals. If the part of the tube be ther. u' off and heated in the blow-

pipe flame, the odor of garlic peculiar to the arsenical fiunes will be per-

ceived.

ANALYSIS OP ORES.

1. Onfrom the. Jackson Compamfs Location— Township 47, Range 27,
' Section 1.— This is a massive, light-colored ore, with a highly crystalline

structure, in which, under the microscope, numerous planes of the octohc-

dron may be seen. It is a mixture of the granular peroxide and the Mag-
netic oxide, as will be seen from the analysis which follows

:

.9267 gramme gave, by reduction, .273 loss, oxygen, .0268 insoluble,

and .9012 peroxide of iron= .03084 iron;

Oxygen « 29.46

Iron 68.07

Insoluble 2.89

100.42

No trace of manganese, phosphorus or sulphur was detected. The insol-

uble portion consisted almost entirely of pure silica.

2. Slaty Ore from the Jackson Company's Location— Township 47,

Ramge 27, Section 1.— This is a very compact variety of the ore of this

Company's location, and is somewhat slaty in its structure, ^t contains,

here and there, a small amygdaloidal cavity, with a nodule of o* artz. It

is divided by regular johits, like the slates of the azoic system.

The analysis shows it to be a very pure ore, being mainly thr* peroxide,

with a little quartz intermixed.

The results are : 1.0275 grammes, lost .2990 by reduction with hydro-
gen : gave .0169 insoluble residuum, consisting almost entirely of silica :

1.0142 peroxide of iron= .70994 metallic iron.

Oxygen 29.09
Iron 69.09

Insoluble 1.64

99.82

No trace of sulphur, or phosphorus, was detected in the specimen ex-

amined ; a slight trace of manganese was obtained.

Both the specimens from this location show a high degree of purity and
freedom from injurious substances, and an abundance of the ore may be ob-

tained of equal purity with that of the specimens analyzed,

3. Analysis of the very compact fine-grained Ore fro ' .Marquett&

Company's Ore-led—Township 47, Range 27, Section 10.- Ai- • is a very

compact and pure variety of ore, the body of which is fine-gr un' : perox-

ide, in which numerous small crystals of the magnetic oxidt ar, tissemi-

nated

f^
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1.7450 grammes were attacked by chlorohydric arid. Tho solution was
effected very slowly, although the substance had bef^n finely jHilverized.

After an entire attark had been eflecf'"!, tLire remained only .0032 of inso-

luble residuum ; = 0.20 per cent.

The filtrate from the insolubV- portion was supersaturated with ammonvt
and the precipitate of the peroxide of iron filtered olF: it weighed 1.75U?
= 1.2255 of metallic iron= 70.22 per cent.

1.4357 grammes reduced by hydrogen lost m weight .424 of oxygen
= 29.53 per cent.

Iron 70.22
Oxygen 29.53
Insoluble 20

99.95

Or, Peroxide of iron 90.58
Magnetic Oxide 9.17

Silica 20

99.95

>rti:

Thus it will be seen that this ore approaches very nearly to a chemically

pure mixture of nine-tenths of peroxide and one-tenth of magnetic oxide.

A great portion of the knob from which this specimen was taken is almost

equally free from all foreign ingrf:dicnts.

4. Iron Ore from the north-\oc:^t 'Quarter of Section 10, Township 47,

Range 21.— This is a beaut" iil variety of ore of great purity, consisting

of a fine-grained mass, haviUj^' n siaty structure, and being somewhat con-

toited, like many of the slates: uuoughout the whole mass are scattered

innumerable crystals of magnetic iron, hardly more than one-fiftieth of an

inch in diameter, which stand out in relief from the weathered s /ace of

the specimens.

I. 0.8213 gramme left .0094 residuum oi silicious substance, and the

remaining solution gave = .8174 of peroxide of iron. In the filtrate a
trace of lime and magnesia was detected.

II. .9412 gramme left .0107 residuum, which equals 1.13 per cent.

:

gave .9393 of peroxide of iron, which equals 99.79 per cent.

I. II.

Peroxide -of iron - -

Silicious substance

99.52-- 99.79

1.14 1.13

100.66 100.92

I. Gives 69,67 per cent, of metallic iron.

II. Gives 69.85 of metallic iron.

The ore is evidently a mixture of the peroxide with the magnetic oxide,

aS is shown by the results of the analysis, as well as by the appearance of

the substance itself.

Two determinations of the oxygen were made; ju one, .8213 grammes

i
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lost .'^217 of oxygen = 26.99 per cent. ; in the other, .0412 grammes lost

.2550 of oxygen = 27.1 1 per cent: mean of the two 27.06. A portion

of the iron is therel'orc in combination with the oxygen and the silica, as a

silicate of iron, in such a manner as not to be reducible by hydrogen.

Ore from the Iron Cascade— Township 47, Range 2(), iS'tt//" 31.

—

This is a good specimen of the ore occurring at this locality in Vt.y large

quantity. The specimen analyzed was taki-.Ti from the imnit.diate vicinity

of the cascade, where the water pours over ;i led"-'* of (he ore. it is a com-

pact, fine-grained mixture of quart/, iind s[>ecular i; n, ' ormei making

up from 3U to 10 per cent, of the whole
1.0138 grammes of the finely pi)Iveri::i-'d .substance, lip; r a long

time with chlorohydric acid, loft .5205 of a faintly reddi;- ,, - - '•;2.60

per cent, ; all the remaining portion of the substance w;; cd on the

addition of ammonia, there being not a trace of residuum idi. porating

and igniting the filtrate ; the precipitate of peroxide of iron, \ contained

a little alumina, weighed 1.0057.

Peroxide of iron - 60.03

Insoluble 32.03

Water and los!^ 1.34

100.00

No trace of manganese, or sulphur was detected. The insoluble portion

was analyzed by itselt', as a silicate, by fusion with carbonate of soda.

It contained :

—

Silica 95.85

Peroxide of iron 2.88

Alumina, lime, and magnesia 1.27

100.00

The whole quantity of peroxide of iron in the substance is 60.90 percent.,

which gives 40.87 per cent, of metallic iron. The ore is mainly a mixture

of silica with peroxide of iron, with a little insoluble silicate of the pro-

tox! !c of iron Jinr! alutnJu;.

Ore from the Machi-gdmig— Township 46, Rfnigc 29, Section 6.— This

is a beautiful specular ore, but contains nearly half its Aveight of silicious

matter. The remainder is nearly pure peroxiflc of iron.

0.5978 gramme lost by reduction witli hydrogen .0894 of oxygen= 1-1 .0-i

per cent. : left insoluble substance, vs hicli was silica with a little alumina

and a trace of iron, .2805= 40.92 per cent. The precipitate of peroxide

of iron weighed .3222= .2255 metallic iron= 37.73 per cent.

Iron 37.73
Oxygen 14.95

Silica 40.92

Trace of lime and magnesia

99.00
This ore contains a trace of manganese.

!i|

Si i,t
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Ore from north Side of Section 4, Township 43, Range 31.— This

ore was collected by Mr. John Burt. Like the other ores of this portion

of the region, it contains a lajge amount of quartzose matter intermixed

with it.

0.525 grammes gave .2208 in.soluble silicious residumn, == 42.05 per

cent. ; the precipitate of peroxidt; of iron weighed .3055, = 58.09 per

cent.

Insoluble silica- 42.05 .,,

Peroxide of iron 58.09

100.14
'

It contains about forty-two per cent, of metallic iron, with traces of
lime, magnesia, and some alumina. It contains, also, a trace of manga-
nese.

Ore from, Township 42, Range 28, scuth on line between Sections S8
and 29, thirteen Chains.— This ore, collected by Mr. John Burt, is a quite

pure and finely-granular variety, and considerably magnetic. It is a
remarkably pure and valuable ore.

1.2801 grammes left .1297 insoluble silica, = 10.13 per cenjt. Another
portion of the same specimen gave on 1.077o grammes, a loss, by reduc-

tion, of .2844, =: 26.40 per cent, of oxygen ; .9750 peroxide of iron, =
.6825 metallic iron, = 63.34 per cent.

Iron 63.34 ,

Oxygen 26.40
Insoluble silica - 10.13

99.87

This would give

—

Magnetic oxide - 19.05

Peroxide of iron 70.69

Insoluble 10.13

99.87

Another specimen from the same locality, also collected by Mr. Burt,

was analyzed. It differs, in external appearance from the last, in being

less fine-grained, and in having less of a slaty structure.

.9265 gramme gave .2573 oxygen, = 27.77 per cent., and left .0398 of

silica unattached, ^ 4.29 per cent. The remainder was metallic iron.

Oxygen -r 27.77

Iron (by loss) 67.94

Silica 4.29

100.00

This specimen contains less silicii tlian tho former, and more magnetic

oxide, as is also evident by its action on the magnet. It is a very excellent

ore, much superior to thf larger portion of ores which occur in its neigh-

borhood.
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Andysis o/" the jaspery Portion of the Ore from Township 47, Range

27, Section 10.— The bands of jasper and pure ore are so finely interlamb

nated, and have so little continuity, that it is difficult to separate the mor§

siUcious portion from that in which the peroxide predominates. On sepfii

rating the former, as perfectly as possible from the latter, and subjecting it tQ

an analysis, it was found to contain a considerable amount of iron.

.4399 gramme was attacked by strong chlorohydric acid and repeatedly

digested with it. There remained a large (juantity of insoluble substance

of a bright-red color, still containing a portion of iron which could not be

taken up by boiling with strong acid. This residuum weighed .308 gramme.

In the solution, ammunia gave a precipitate of .154 peroxide of iron.

Peroxide of iron, dissolved by the acid ^--- 33.4

Insoluble silica and iron •-^.•p 66,9

i

^ 100.3

The insoluble substance was fufied with carbonate of soda, and was fouiu!

to consist of silica, colored by about two per cent, of oxide of iron.

Silica 98.3

Peroxide of iron - 1.7

100.00

The substance is a mixture of silica colored by the peroxide of iron, and
probably some silicate of the protoxide, with free or uncombined po^xide
of iron.

From the above analyses, it is evident that the purest ores occur in the

northern part of township 47, range 27. Here, indeed, the specimens ana-
lyzed show an almost absolute purity and freedom from foreign ingredients.

The principal part of the insoluble matter left by acting on the ores with
acids, is silica ; none of them contain more than a very minute quantity of
alumina, lime, or magnesia. In most of the ores, the larger portion, by far,

of the iron exists in the state of peroxide, though nearly all contain a small
per centage of the magnetic oxide. Generally, the silica seems to be me-
chanically mixed with the oxides of iron, since the whole of the oxygen is

obtained by reduction in hydrogen. In a few in^Jtances, however, from one
to two per cent, of the oxygen is in combination with the iron and silica, in

the form of an irreducible silicate.

As far as the presence of injurious substances, such as sulphur, phospho-
rus and arsenic, is concerned, ail the specimens examined are entirely, or

almost entirely, free from them. A few specimens contain traces of sulphur,

but not in sufficient quantity to have any perceptible effect on the quality of
the iron manufactured. Manganese is present only in the most minute traces;

in fact, it can only be detected in most of them, by the most delicate an4
careful examination.

1
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METALLURGY OF THE IRON ORES.

The iron ores described in the foregoing pages will be found capable of
producing a soft, malleable iron. With proper care in its manufacture, it

may be convertfl into steel, adapted to the finer varieties of cutlery. The
silex, so intimately incorporated with the mass, will serve as a flux, and ren-

;!
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der the reduction of the ores easy, pan..'*^"^^^'^ ^^^^e t^e fu^'ion ^iikes place

in the furnace. Ores of almost any degfet °^ P^^^^Y can be obta med, but

the richest are, by no means, the most emiv reduced in the blast furnace.

The specular ores of New York are found to contain more or lest "< bisul-

phuret of iron (iron pyrites), which impairs their value, as it is not • wholly

expelled by roasting. In some instances, too, they ape associated with

titanium, which render them exceedingly refractory in the furnace. Nt "ither

of these substances have we been able to detect, in sufficient quantity to pro-

duce any perceptible effect, in the ores of Lake Sirnerior.

Notwithstanding the immense araouut of iron proaJiced in Great Brita. 'n>

none of it, with the exception of the Ulverstone charcoal 'roa^ is capable 4 '>t

conversion into the finer varieties of steel. The Swedish hoop J-*, the Indiai '

wootz and the Russia irons occupy the highest rank.

The famous Indian wootz-ore consists of magnefie oxide of iron unitedl

with a large proportion of quartz, the compound consisting of 42 silex, and
58 magnetic oxide of iron. The natives pound the ore and winnow away;

the earthy particles. With a clay furnace, four or five feet high— thc'

work of a few hours— and with a blast supplied by a bellows made of a.

goat skin with a bamboo nozzle, plied by the hands, for three or four hours,

,

the Hindoo brings out his bloom. A pound or two of this iron is enclosed

in a clay crucible, with small fragments of dry wood, the whole being co-vered

with a few green leaves. The orifice is then closed with clay, and the

crucibles are subjected to a heat for about two hours, in a blast furnace, ,

when the process is considered to be complete. In this rude way is pl*o-

duced a steel, eminently adapted to the purposes of fine cutlery.

For the reduction of those ores, the several companies have introduced

the Catalan forge, so extensively employed in the Lake Champlain region

of New York. This has been done for two v "^ns : first, it requires a
small outlay of capital ; and second, it avoids; ncertainty incident to

working a new ore with success in a blast funja>;v,. Besides, according to

Mr. Alger, who has had a large amount of experience in the iron manufac-
ture, these ores are better adapted to the production of malleable, than of
cast iron. They do not so readily unite with carbon to produce that grey,,

soft condition which is found in tic superior cast iron made from the he-
raatitic and clay iron ores ; and they require much greater heat for their

reduction and perfect metallization. An inferior article of pig-metal will

not bear transportation to a remote market, whereas a superior article of.

bar-iron may be profitably sent to any market in the country.

The forges are represented in plate XXII, which is copied from the

American Railroad Journal, for September 1849, illustrating one of a
series of valuable articles on the Iron manufactures of the United States,

by Mr. James T. Hodge.
" The first four figures represent sections in different directions through

the simplest form of the bloomery. Figures 5, 6, and 7, are sections illus-

trating a similar fire, supplied with an arrangement for heating the blooms
with the gases of the escape-heat returned to the oven, and mixed with a
current of atmospheric air.

Fig. 1, is a front elevation of a common bloomery fire. The following
letters designate its several parts and the apparatus connected with it, a, a,

**>— hot air pijics ; /;,— one of two bctl pipes ; c,— main blast-pipe from
the b!ov;ing eylijidcrs : ,'/,— !r.ck plntc of tlic fiire : c,— i

,1„4.,

4

J

' J '~
I

plate through which the cylinder is drained off; g,— bottom plate of the
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fire ; h,— water-box placed under the fire ; 'i,— small pipe for letting oflf

the waste water out of the fire-box
; j,— water tweer ; k,— pipe for sup-

plying cold water to the tweer ; /,— valve for shutting oflF the hot air from
the fire ; m,— throttle valve for regulating the supply of cold air to liae

hot blast-pipes.

Fig. 2. Side elevation of the same ; the letters corresponding to those of

figure 1. Fig. 3. Horizontal section of the same on the level of the

tweer. Fig. 4. Horizontal section on a level with the bed plates. Fig.
5. Side elevation of a bloomery fire with an oven for reheating the blooms.
The following letters represent the different parts : a,— bloomery fire; 6,

—

bottom of heating furnace, on which the cold iron is charged ; c,— sand
hearth ; d,— charging door ; e,— wind box

; f,— wrought iron blow-pipe

;

g,— pipe for conveying hot air to the wind .chest ; h,— opening through
which the hot air passes to feed the bloomery fire below ; i, i, i,— hot blast

pipes lying horizontally in the chimney
; j,— cast iron door lined with fire

brick, which slips up and down, closing in front, to keep out the cold air.

Fig. 6. Horizontal section of the same, on a level with the blow-pipes

and heating oven. Fig. 7. Front elevation of the same, the letters 6 and
7 corresponding with ttiose in 5."

In these bloomeries, malleable iron may be obtained from the ores by one
fusion ; but to accomplish this, it is necessary that they possess a great pu-
rity and melt at a low temperature. Hence only the hematites and the
specular and magnetic ores are adapted to this kmd of forge. Although
there is but one wsion, the ores undergo two successive changes.

1st. The deoxydizement and reduction of the metal by bringing it in con-
tact with charcoal.

2d. The melting and aggregation of the metal in a ball fit for the

squeezer.

The following is the method of treatment pursued in the reduction of

these ores.

The ore is introduced into the top of the forge, in alternating charges
with charcoal, in a state of great mechanical subdivision, resembling coarse

sand, having beeix previously calcined, stamped and washed, if it contain

much earthy matter. . The supply of fuel is maintained in the first stages of

the process so as to keep the space full and prevent the ore from collecting

together. Water is occasionally sprinkled over the surface, which prevents

the fine siftings from being blown away, and gives increased fusibility to the

scoriae. The ore falls down and the melted iron collects in a mass at the
bottom of the hearth, while the thin slags run off by an upper overflow.

The mass is' removed about every hour, m a pasty condition, by means of

a powerful pair of tongs— working by an iron wheel on a railway suspended

from the beams above— which seizes it firmly and conveys it to an anvil,

where an iron lever, called a squeezer, working up and down, kneads the
I

particles of iron together, forcing out the semi-fluid cinders and fashioning 5

the loup for the rollers, to which it is transferred.

The substitution of drawing cylinders in the place of trip-hammers has

greatly facilitated the manufacture of bar iron. It accomplishes in a few

minutes, the condensation of the particles, and the distribution of the fibres,

which formerly was attained only after repeated heats and hammerings.

In cylinder drawing, one workman holds the loyp in a pair of tongs and
passes it into the first of the grooves ; another workman, on the other side,

receives it and passes it back to the first, who passes it into a second aadl
*

I
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ismaller set, ahd so on, until it is reduced to a bar, three or four inches broad

and two in thickness. This is then cut by powerful shears, into short lengths

called blooms, which are afterwards subjected to a refining process.

So great is the dexterity displayed in these various processes, and so ad-

mirabfe the adaptation of the machinery, that the rude bail as it comes from

the forge, is converted into mill-bar iron, before it has had time to cool.

The whole operation is accomplished in a little more than a minute.

The bars are next subjectecl to the refining process, which consists in heat-

ing them in the oven above described, and bringing them to a welding heat,

which is accomplished in the course of one half or three quarters of an hour.

Where great tenacity is required, they are re-heated and rolled. From the

oven, they are passed to the extension rollers where they are fashioned into

the required form, whether round, square, oval, or rectangular.

Tenacity of the Lake Superior Iron — From the total absence of foreign

ingredients, as indicated by the analysis, it would be inferred that these

ores, if skilfully wrought, would produce an iron of great ductility and

tenacity. In the summer of 1849, we placed two samples of this iron,

sejlected, without any sreat care, from among the products of the Jackson

forge, in the hands of Major Wade, of the Ordnance department—^whose

office it is to test the tenacity of the guns made for the government—for

tie purpose of experiment. The results obtained \vere as follows

:

Sample No. 1, 7.550 density, 89582 lbs. pressure to the square inch.

Sample No. 2, 7.768 « 72885 «

. In the second sample there was a slight flaw observed, after it was
parted, which would account for its inferior tenacity. These results give

an unparalleled tenacity, and prove the high value of this iron.

During the past season, however, we received additional samples, made
from the same ore, but by a different iron-master, which were placed in

the possession of Mr. J. T. Ames, for experiment. The results were as

follows

:

No. 1, welded three-ply, 56546 lbs. pressure to the square inch.
" 2, welded 55017 " "• «

,

« 3, without welding, 58583 « " "

The second set of experiments proves that the iron experimented on, was
of a very ordinary quality ; and, when we compare its tenacity with that

rbefore tried, it is very evident that it has not been properly fabricated.

Nothing is more uncertain than the quality of iron, however good the ore,

where it is not skilfully and systematically wrought.
To show the comparative quality of this iron, we give the results of the

numerous experiments of Professor Walter R. Johnson, on the tenacity of

bar-iron, from localities both at home and abroad

:

strength in IbN.

per square inch.

Iron from Salisbury, Ct., by mean of 40 trials 58009
" Sweden, 4 « 58184
« Centre county. Pa., 15 « 58400
« Lancaster county. Pa., 2 « 58661
« Mclntyre, Essex co., N. Yr, 4 " 58912

' « England, (cable bolt, E. V.,) 5 « 59105
« Russia, 5 " 76069

To which we add the tenacity of the Carp-river iron, Lake
/ ua f^on

Superior, as determined by Major W«ue-
\

<^./wu«
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Cost of Produdian.— Tlu; following estimate, showing the cost of pro-

ducing a ton of iron, in the Lake Superior district, was furnished us by Mr.

P. M. Everett, the former agent of the Jackson company. It will proba-

bly be found to require some modification

:

Digging and transporting the ore to the forge, tw© tons of which are

required to produce a ton of blooms-----— $ 3 00
Roasting the ore (2 tons) at *1 00 per ton 2 00
200 bushels of charcoal at 5c, per bushel 10 (X)

Incidental : 2 bloomers at $2 75 t)cr day each, ) a qa.

2 firemen at 00 " "
J

^*

Stocking furnace at *1 15 1 15

Ousting, r.c that rate, i)er ton 6 74

Cost per ton, at the forge, of 2400 lbs. of iron in blooms $21 74

To this estimate should be added the interest on the capital, say $20,000,
wear and tear of machinery, tixpense of agency, and incidental expenses.

The cost of transportation to the lake shore (nine miles) is $4 00 per ton,

to Cleveland $5 00, thence to Pittsburgh $2 00= $11 00.

It ought to be added, that this company have water-power sufficient to

drive eight forges, whereas they now employ but two. The expenses of

agency and the interest on the capital would be no greater if the whole

Eower were employed. Besides, as the country becomes settled, there will

e a reduction in wages, and the facilities for transportation will be increased.

It now costs nearly as much to transport a ton of ore nine miles, by land, as

it does to send it nine hundred by water.

The nearest proximity of these ores to the lake shore, as we have before

stated—for example, those of the Iron cascade—is about twelve miles ; those

of the Jackson and Cleveland locations are a little farther removed, while
those on the borders of the Machi-g&mig are thirty miles—being about equi-

distant between the head of Keweenaw bay and the mouth of Carp river

;

but the outlet at the latter point would be preferable. Those on the Me-
nomonee are about fifty miles distant from Bay des Noquets on Lake Michi-

gan, being as remote from that point as the beds on the Machi-gumig and
the sources of the Carp. The ueds oi' a similar character, in Dr. Owen's
district, on the waters of Bad river, opposite La Pointe, explored by Mr.
Whittlesey, are distant from the lake eighteen and twenty-two miles.

We have thus endeavored to give all the information in our possession,

with regard to the range and extent of these ores, the relative distances of

the beds from navigable water, the physical features of the country which
, favor or impede their exploitation, the chemical composition of the ore, the

best method of working them, the tenacity of the manufactured article, and
the cost of production. From these data, business men can form correct

conclusions whether the time has arrived for their profitable exploitation.

Nothing would give so great an impetus to this region, or tend so much to

the rapid development of its resources, as the opening of a ship-canal be-

tween Lake Superior and Lake Huron. It is empnatically demanded by the

mining interest ; and the moment it is done, the value of the public domain
is enhanced ten-fold beyond the cost of its construction.

Occurrence of other Ores,— This class of rocki. over many p&itions of

the earth, has been found to be the repository of the rarer and more valu-

able metals, such as gold, silver, tin, &c. Between this district and the

ri
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Ural, there arc many points of rcsen bianco ; but Sir Roderick Murchison

has shown, that the impregnation of those rocks with gold took place at a

comparatively recent date, as recent es the drift epoch ; while, in this district,

the metallic emanations ceased before the commencement of the Silurian

epoch. It also presents many analogies with Cornwall ; but, thus far, the

results of our explorations have led us to believe, that, aside from iron, the

metallic products will prove of little value. We have not seen a single

regular, well-defined vein of any extent, with distinct wall-rocks and gangues

differing from the enclosing mass. There are fissures and irregular rents

which contain metallic products, such as copper and iron pyrites, magnetic

oxide of iron, &c.; but they differ from productive lodes in their want of

continuity and parallelism. At the Peraence falls, small veins of quartz,

associated with brown oxide of iron arc seen in the trappean rocks, having

the appearance of an auriferous ganguc. We regret that the specimens

procured by us in 1848, were forwarded to Washington by our predecessor,

without analysis. We do not assert that the rarer metals may not be found

;

but, thus far, all of the explorations south of the trap range of Keweenaw
Point, not only in this district, but in the Chippewa district, have not re-

vealed their existence.

At Presqu'isle, there is a vein seen by the lake shore, bearing nearly north

and south, and dipping 75° to the east. It is included in a rock which
exhibits some traces of stratification, and may be likened to a volcanic sand.

The New York and Lake Superior company, a few years ago, sank a shaft

upon it to the depth of forty-five feet. At the surface, it yielded the

sulphurets of copper and iron, galena, and black oxide of manganese, enclosed

in a matrix of chlorite, calc-spar and quartz ; but, a short distance below,

the more valuable metals disappeared, and iron pyrites was the only metallic

product.

Another vein was observed on the south-west quarter of section 27,
township 48, range 26, containing copper pyrites in a gangue of quartz.

It was explored to some extent, a few years since, by the New York and
Michigan company, but they met with lew inducements to persevere.

Narrow seams of sulphuret of copper are also seen in the quartz rocks,

below Carp river.

In the banks of a small stream flowing into the Machi-gamig, about ten

miles below the outlet of Machi-gummi, galena was discovered by Mr.
Crebbesa, in 1846 ; but we have not examined the locality, and have no
information as to its economical value.

On the Menomonee river, traces of the sulphuret of copper are abun-
dant

; but the veins are not concentrated. At tne upper of the Twin falls,

there are seams of quartz, included in chlorite slate, which contain traces

of this ore. Veins were also observed at the foot of Little Bekuenesec
and Sturgeon falls.

i. f

OTHER ECONOMIC MATERIALS.

Building Materials.— The granite of the Huron islands would afford a

beautiful and durable material for construction. The islands are, in every

respect, accessible, and we know not why thev may not soon be resorted to

for the purpose of procuring blocks.
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As we have described the situation of these islands and the character of

the rocks, in Chapter III., a farther notice is deemed unnecessary.

Roofing Slates.— In so vast a body of slates as are here displayed, it

would be surprising if numerous quarries suitable for roofing purposes were
not discovered ; but on the surface they have been so acted on by atmos-

f)heric agencies, that it is difficult to (loterrnine their true character. By
ong exposure, they lose tlie property of cleaving into laminae. This is so

well understood by the block-hewers in slate quarries, that they never ra'.se

•mor* blocks than the splitters can cleave in a short period of time. A frost

partially restores this property, l)iit repeated freezings and thawings destroy

it altogether. The beds at the ioot of little Hekuenesec falls, and near llie

Twin falls, on the iMeuomoiu'e vr.vr, will j)r()l)al)ly yield unlimited supplies.

Steatite and Serpcnline.— From the character of the rocks, beds of these

materials will undoubtedly be found in great abundance, but we are unable

to indicate any localities worthy of exploration. The beds near Sturgeon

falls, on the Menomonee, afford the best indications of any that have fallen

under our observation.

Fire-stones.— The talcose slates, as a general tiling, arc little affected by
fire. The divisional planes intersect them in such a manner as to produce

cuboidal blocks. These have been employed in the construction of forges

at the Jackson works, and answer a good purpose.

Hones.— Portions of these slates take into their composition minute par-

ticles of quarts^, forming novaculite. The beds at L'Anse afford very good
whetstones, but they are too coarse to produce a fine edge on razors, surgi-

cal instruments, &c.

The novaculite, however, of Carp river, is superior to any article which
has fallen under our notice, not excepting the Arkaasas, Turkey, or Scotch

stone, for producing fineness of edge. Engravers will find these hones
almost invaluable.

The coarser materials for scythe-stones are abundantly distributed. '

Fire-brick.— The light-drab and plumose talc -'Uvtes, described as occur-

ring near Chippewa island, on the Menomonee rue ., if ground and kneaded,

would make in admirable article of fire-brick.

Lime.— The marbles described as occurring in the vicinity of Carp
river and the Menomonee river, may be calcined into lime. The amount of

magnesia which enters into their composition, does not seem to impair their

value ; but the lime will not bear the addition of as much sand as an article

made from a purer limestone.

Ornamental Materials.— The limestones described as occurring near

Carp river, and on the Machi-gamig and Menomonee, afford bv^autiful mar-
bles. The prevailing color is light-pink, traversed by veins oi seams of

deep-red. Others are blue and dove-colored, beautifully veined- They
are susceptible of a fine polish, and blocks of any size may be procured.

For tables, jambs, and vases, they would rival, in hoauty, the most cele-

brated foreign products. Employed for external ornaments, the carved

lines would withstand the vicissitudes of our variable climate, and remain
sharp for centuries. These rocks, in place, exhibit angular surfaces, which,

after all, is the best test of their durability.

Fragments of pure-white saccharoidal marble, suitable; for statuary, have

been found upon the surface, but the beds from which they were derived

have not been discovered.

Soiae ,of the jaspers might be employed by the laoidary, for the smaller

1

-l



[4] 84

ornaments, but they have not been found in large masses, like those of the

Ural.

The dark and close-grained basalts, and the porphyries, with a (Fark-'green

base of hornblende and bright-red crystals of feldspar, observed on the

Menomonee, if wrought into vases and boxes, would rival those of Egypt.

Many of these materials will, sooner or later, be employed for the pur-

posc^i of construction and ornament.

ill

I,

''
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CHAPTER VI.

COMPOSITION op THE TRAPPEAN ROCKS.

The Terms Trap and Trappean Rock generic.— Varieties of Rock which

have been included under that JVame.— Their Mineralcgical Composi-

tion.— Importance of these Rocks in our District.— Trappean Rocks

associated with the Potsdam Sandstone.— Analyses.— Probable Analogy

with Dolerite and Anamesite.— Occurrence of them in Beds.— Trap-

pean Rocks of the Azoic System.— Analyses.— General Remarks.

The term trap, or trappean rock, has been applied in so general a man-
ner, and made to cover such an extensive group of mineral compounds,
differing widely from each other in their external characters and minera-

logical composition, that great confusion has arisen in the designation of the

igneous rocks. If we examine more closely what rocks have been desig-

nated under the name of trap, and endeavor to classify them, we find great

difficulty, inasmuch as our knowledge of the mineralogical composition of
many of them still remains in an imperfect state ; although much has been
done, within the last few years, to throw light on this subject, and
numerous chemists, among whom we might especially mention Delesse,

Durocher, Abich, G. Rose, Cordier, and Bergemann, have devoted them-
selves to this long and difficult task. It is with the intention of adding

our contribution to this branch of geological science, that we have, as far

as our time permitted, made a chemical investigation of a few of the

varieties of the igneous rocks of our district.

Not only has the term trap been applied to a great variety of rocks, but

that of greenstone is hardly less extensively used, both in this country and
in England, as well as on the continent. However much confusion the use

of' these two names may have caused, they will hardly be dropped, at least

not until the nature of our igneous rocks shall have been thoroughly studied

out, so that they can be arranged under systematic and fitting names. On
the continent, we find i'i:it by far the larger portion of the igneous rocks

embraced under the name of greenstone, are made up principally of labra-

dorite (or oligoclase) and pyroxene, in addition to which chlorite is often

present. To this variety of rock the name of diabase is given by continental

geologists. The term melaphyre, which includes many of the rocks known
under the name of trap, is denned to be a fine-grained compound of labra

dorite and titaniferous magnetic iron, and probably pyroxene, together with,

in many instances, carbonate of the protoxide of iron and carbonate of lime.

The absence of quartz, as an essential ingredient of these rocks, both dia-

base and melaphyre, is a characteristic and important point. Under the

name of basalt, or basaltic trap, are included dolerite, a crystallme aggre-

gate of labradorite, augite and titaniferous iron ; and anamesite, a homogeneous
and very fine-grained mixture of the same minerals, the labradorite gene-

rally predominating. This latter term includes especially the rocks of

northern Europe and Iceland. Basalt proper includes the rocks which
contain, in.addition to labradorite augite, and magnetic iron, a small amount

']
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of a zeolitic mineral, which gelatinizes in acids, and also, in many cases,

olivine.

In England, we find the terms greenstone and trap used indiscriminately

to indicate rocks mostly ol a fine-grained and compact nature, made up

chiefly of feldspar and hornblende ; — no distinction being made between

the different varieties of the feldspar family, or between hornblende and

pyroxene, or augite. In fact, we have only two great classes of igneous

rocks recognized ;— granitic, or hypogene rocks as they are sometimes

called, and trappcan rocks ; the great and essential distinction between these

two classes being the presence of quartz, as a distinct ingredient in the

granitic rocks ; while, in the trappean, the silicious m.itter is nil in combina-

tion with the bases alumina, lime, protoxide of iron, fioda and potash, form-

ing minerals of the feldspar and hornblende families. If the rock has a

columnar structure, it is called basalt, without regard to its mineralogical

composition.

In this country, the same confusion has prevailed, and all the dark-colored,

fine-grained igneous rocks have been called greenstone, trap, or greenstone-

trap mdiscriminately, without any attempt having lieen made to arrive at

a knowledge of their composition, regard being chiefly had to their difler-

ences of external form, such as their having a columnar, or amygdaloidal

structure. No attempt has been made, as far as we know, to separate, or

classify, the numerous varieties included under those general and generic

terms.

We find, in all the writings of American geologists, that the term " trap"
is used in a generic sense, and that it is defined to be a rock composed of

feldspar and hornblende and ; we are not aware that any further attempts

have been made, in this country, to investigate the mineralogical composition

of this great and widely-extended class of rocks.

The great importance of the trappean rocks in our district, from their in-

timate association with the veins of copper in the lower Silurian, and their

connection with the deposits of iron in the azoic system, has made it incum-
bent upon us to devote some attention to their mineralogical composition

;

and, though lack of time has rendered it impossible for us to carry out our

researches very fully, yet we trust that, having made a beginning, we shall,

ourselves, at some future time, be enabled to extend our labors still farther,

or that the attention of others will be called to this important subject.

The mere fact that we find the veins of copper, which are productive and
rich in metallic contents in one band of rock, becoming worthless when
passing into another, is sufficient proof of the scientific importance and
practical value of such an investigation.

TRAPPEAN ROCKS ASSOCIATED WITH THE POTSDAM SANDSTONE.

We hardly find, in any part of the world, so great a variety of mineralo-

gical composition and external structure among the trappean rocks, as is

exhibited by those trappean rocks which occur in the sandstone and conglo-

merates between the extremity of Keweenaw Point and the Montreal river,

and on Isle Royale.

In Part I, of this report, we have given some account of the different

varieties of trappean rocks which occur in the copper-region, particularly
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with reference to their external characters, and wc now proceed to the 'dis-

cussion of their mineralogical and chemical composition.

The principal mineral ingredients, so far as we can determine, which form
the different varieties of trappean rocks of this region, are labrador feld-

spar, (labradorite) hornblende, pyroxene, magnetic iron, chlotite, and epi-

dote. These minerals, associated in ever-varying proportions, make up the

great mass of the rocks, while the less widely diffused minerals are the

zeolites, especially Laumonite, quartz, calc-spar and iron pyrites.

The prevailing characteristic of these rocki is, that the mixture of the

minerals which compose them is so intimate, and the whole mass is so com-
pact and homogeneous in its texture, that the several component parts can-

not be recognized by the eye, unless in exceptional cases, and of course it

is impossible to isolate and analyze each by itself. In such a case, the only
way to arrive at a knowledge of the mineralogical composition of the rock
is to analyze it as a whole, and endeavor to ascertain by calculation, in

what manner the different substances are grouped together into mineral

compounds ; or if minerals which are soluble in acid, are combined with
such as are insoluble, to separate them in this way, and then to analyze

the soluble and insoluble portions.

We now proceed to give the results of some of our examinations of the

compact homogeneous rocks, after which we will describe those in which
distinct mineral compounds can be recognized by the eye, and then compare
the general results with each other.

Solubility of the Rocks in Acids.— A specimen from the wall of Shaw's
vein, on Isle Royale, was finely pulverized, thoroughly dried at 110° C, and
ignited. It lost on 3.203 grammes .072 = 2.2 per cent.

After long digestion, at a temperature of about 80° C, with nitric acid

(specific gravity 1.12), it was found that 26.95 per cent, of the whole was
takren up, leaving 73.05 insoluble jtiatter of a bnck-red color.

Chlorohydric acid dissolved on 2.2993 grammes, after long digestion, at

about the same temperature as before, .7803, leaving 1.519 insoluble; ot

the insoluble portion .5552 was silica separated in a state in which it was
taken up by carbonate of soda ; making for the soluble portion, including

the separated silica, 58.09 per cent. The solution was tested for copper,

hut no trace of this metal was found ; it contained a very considerable pro-

portion of peroxide of iron.

Analysis of Greenstonefrom the summit of the cliff, at the Cliff Mine.
— The following were the results of the examination of the greenstone from

the summit of the ridge at the Cliff mine. This is a crystalline variety,

very tough, and breaking with an uneven fracture. It is of a dark-greenish

color, very compact and homogeneous in its structure, but, when examined

with the microscope, three distmct minerals can be recognized ; one is nearly

colorless, or slightly tinged with green, and appears to be feldspathic; the

other is of a dark-green color, and resembles chlorite, while the third is

apparently pyroxene or hornblende. Occasional crystals of magnetic iron

occur, and can be made evident by pulverizing the substance and applying

the magnet.

The pulverized substance, dried at 100° C, lost, by ignition, on 2.114

grammes, .0374=1.74 per cent, of water; chlorohydric acid (1.13 specific

gravity), l)y long digestion, at a temperature near boiling, dissolved 21.17

1
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per cent., leaving 78.83 of silica and insoluble substance. Each portion
was analyzed by itself, and the results were

:

Soluble.

Silica

Alumina 30.95
Protoxide of iron 32.47

Insoluble.

. 64.58 (by loss)

- 11.67
^ ^

- 9.18
Manganese

-

Lime
Magnesia- -

Soda

trace trace

9.36 4.57
15.98 6.86

11.26 3.14

100.04 100.00

Analysis as a whole

Silica

Oxygen.

50.20 26.08
Alumina - 15.43

Protoxide of iron .- 13.79

Lime ~ 5.47

Magnesia 8.62

Soda ~ 4.75

Water 1.74

7.22
3.06
1.56

3.34
1.22

1.55

100.00

Jlndysis of a Specimen from Rock Harbor.—The next rock of which
an analysis will be given, is a very fine-grained and homogeneous substance,

from the shaft at Rock Harbor, Isle Royale, about fifteen rods north of the

house at Ransom. Like the preceding ore, it appears to be highly unfa-

vorable to the devcloprnent of the copper-bearing veins.

1.9444 grammes of the finely-pulverized and dried substance, lost by ig-

nition .0479=2.46 per cent.

The analysis of the dried material gave

:

Silica 47.97

Alumina 15.56

Protoxide of iron 12.41

Lime 7.07

Magnesia 8.28

Soda 6.24

Oxygen.

2.75
2.02
3.21

1.61

Water 2.46

24.93

7.28

9.59

2.18

tir

exl

thf

api

als|

a

see

ba^

ii^ il

99.99

The near agreement in the chemical composition of these two rocks will

be apparent.

If we proceed to consider, from the results of the above analysis, v/hat is

the probable mineralogicai composition of the rock, we are obliged to con-

fess 'that the problem is not an easy one. In the first place, as to the nature

of the feldspathic inoredient, which is the most important clue to this ques-

tion. The feldspathic portion of the triii)pean rocks, though it occurs in

IB
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distinct crystals, at various localities in the trappcan region, both on Isle

Royale and Keweenaw Point, is never found in crystals of sufficiently large

size to allow them to be separated from the rock and analyzed by themselves.

This is unfortunate, since, at the present time, so numerous are the different

varieties of the feldspathic family, that it is impossible to recognize and dia-

tinguish them without a chemical analysis.

As far, however, as the feldspathic ingredient can be made out, from an
examination of those rocks on Isle Royale and Keweenaw Point, in which
there is a porphyritic structure, and separate crystals can be observed, they
appear to have the crystalline ,character of the labradorite variety. They
also fuse much more readily before the blowpipe than orthoclase, yielding

a transparent, colorless and blebby glass. The results of the analyses
seem also to indicate, from the nature and relative quantity of the protoxide
bases, lime and soda, that the feldspathic ingredient is labradorite.

If, therefore, in the above analyses we assume that all the alumina
belongs to the labradorite, and that the other ingredient is one in which
alumina is not contained, we can reckon the amount of oxygen of the silica

and the bases (RO) necessary to form labradorite.

In the first analysis, that of the greenstone from the Cliff-mine, the
oxygen of the alumina being 7.22, if we deduct the double of that amount
from the silica, and one-third from the protoxide bases, we haye remaining

:

Oxygen of silica 11.64
" protoxide bases - 6.77
" water 1.55

And in the other rock, from Rock Harbor, we have, in the same manner
remaining

:

Oxygen of silica 10.37
" protoxide bases 7.1
" water 2.18

The results of these analyses correspond pretty nearly with that of the
trap of the Feroe islands, by Durocher.* In his analysis, after deducting
from the oxygen of the silica and the protoxide bases an amount corres-

ponding with that of the alumina, in the proper proportion to form labrado-
lite, there remains

:

Oxygen of silica 9.52
" protoxide bases 7.36
" water 2.66

Durocher considers that this implies the existence of a mineral analogous
to diallage, or a bisilicate of bases with one atom of oxygen +hydrate of
magnesia. In fact, if we deduct from the protoxide bases an amount of
oxygen equal to that of the water, we have remaining a silicate, in which
the oxygen of the silica is nearly the double that of the bases. The great
difficulty in this case is to know what part the water plays in the constitu-

tion of the mineral. As far as our researches go, all the trappean rocks

seem to contain from two to three per cent, of water. Recent investiga-

tions, however, still leave it doubtful whether this water belonfR to the

feldspathic mineral, or whether it may not be due to an intermixture of

* Annales dos Mines, Ser. III., Vol. 19, p. 647.
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chlorite in the trappean rock. The observations of Delcsse seem to prove
that water is constantly present in tlie feldspathic portion of the trappean
rocks analyzed by him. This is a point on which, however, we can give

no light, as we have not been able to isolate and analyze the feldspar of

any of our trappean rocks. We see, however, that chlorite is abundant in

them, and a portion, at least, of their water must be ascribed to its pre-

sence. In this case, if we take into consideration the variable composition

of the hornblendic or pyroxenic portion of the rock, the fact that a part of

the water may belong to the feldspathic portion, and that the iron is pro-

bably partially present as the magnetic oxide, we shall see that the difficul-

ties in the way of arriving at a complete knowledge of the mineralogical

composition of these rocks, by analysis of them as a whole, are nearly

insuperable.

The only variety of trappean rock occurring in the Keweenaw Point

range, in which the ingredients are distinctly visible, so that we have been
able to make out its composition, we find to be made up of a liQ,ht-red

feldspathic portion, having the character of iabradorite, of a dark-green

foliated mineral, which is probably pyroxene, chlorite and magnetic iron.

This variety occurs at Lac la Belle, and it graduates imperceptibly into the

common, compact, crystalline greenstone, in which the separate minerals

are no longer to be distinguished by the eye. This we consider to be the

most probable composition of the dark, crystalline varieties of the trappean

rocks on Keweenaw Point and Isle Royalc.

We have also on Isle Royale, beds of a porphyritic rock, intercalated

among the crystalline greenstones, which are composed essentially of a felds-

pathic ingredient, which is probably Iabradorite, and magnetic iron ; the

feldspar is of a light-greenish tinge, and occasionally exhibits inetalli<f reflec-

tions ; the crystals, are, however, very minute.

Both on Isle Royale and west of Portage lake, epidote becomes a predo-

minant ingredient of the trappean rocks, forming beds and vein-like masses

in it. In the Porcupine mountains and in the vicinity of Agogebic lake, we
have this mineral forming masses of such dimensions that it must be regarded

as a rock : it is often amygdaloidal, like tne other varieties of the trappean,

rocks.

The presence of free or uncombined sihca in the trappean rocks, except

when it forms a part of the vein-stones, is exceedingly rare. Where, how-

ever, the trap becomes epidotic, quartz not unfrequently occurs, filling the

amygdaloidal cavities. In the veins of the Ontonagon region, where epidote

abounf^i^, both as part of the rock-masses and in the veins, quartz forms the

predominating gangue.

The zeolitic minerals, so common in the veins, and often filling the amyg-
daloidal cavities of the trap, do not appear to form an essential ingredient of

the compact trappean rocks. None of them, as far as we have examined,

when acted on by acids, give any gelatinous silica. Carbonate of lime, so

common in the veins of the trap, seems to be rarely present in the compact

trappean rocks, as fcAv of them effervesce with acids. From the same rea-

son, we infer the almost entire absence of carbonate of iron.

The mineral nepheline is not found in any of these rocks, unless it be in

one locality on Isle Royale, near the end of Blake's Point, where the mass

is made up of a fine-grained mixture of magnetic oxide of iron and a light

greenish-colored material, which fuses readily before the blov/pipe, and

resembles nepheline in lustre and general appearance. *
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Olivine is entirely wanting in all these rocks, as far as we have been hWe

to ascertain.

On the whole, these rocks may, in all probability, be classed with that

member of the trap family, in which are included dolerite, anamesite and

basalt. This class of igneous products is developed on a grand scale in

Iceland, in the northern part of Ireland, and in Scotland. On the Faroe

islands and in Iceland they have been poured out in lava-sheets of great

extent and regularity, which, like those of Isle Royale, are piled upon each

other in numerous strata-like masses, exhibiting almost the appearance of

sedimentary deposits.

J

TRAPPEAN ROCKS OF THE AZOIC SYSTEM.

If the study of the raineralogical composition* of the trappean rocks

associated with the Potsdam sandstone is one of great perplexity and diffi-

culty, this is still more the case in regard to the igneous rocks which occur

in connection with the azoic system. So numerous are the varieties of these

rocks, and so limited has been the time that we have been able to bestow on

their examination, that we have accomplished but little towards arriving at

a knowledge of their complex and obscure mineralogical character. The
first thing which strikes the observer, in passing over the intercalations of

igneous rocks among the azoic slaty and quartzose strata, is the difficulty of

making a distinction between the purely igneous and metamorphic rocks.

The passage of one into the other, especially in the southern portion of the

district, seems, in many cases, to be so gradual, and their general appearance

and structure is so much alike, that it is often difficult to say where one

begins and the other ends ; add to this, the very great physical difficulties in

the way of a minute exploration of the almost inaccessible region in which

they occur, difficulties of which those who have not themselves experienced

them can form but a faint idea, and we shall not be considered as having

neglected to do all in bur power to throw light on this interesting subject.

The igneous products which are associated with the azoic system are, so

far as we have examined them, perfectly compact and homogeneous. They
'are entirely destitute of the amygdaloidal structure which characterizes the

traps described a's occurring in connection with the sandstone and conglome-

rate of Keweenaw Point and Isle Royale. They are, likewise, wanting in

the zeolitic minerals which are so abundant in the amygdaloidal traps, and
are, in every respect, more uniform in their texture and appearance than

these. In general, the mixture of the different mineral ingredients of which
these rocks are made up is very intimate, and we have never seen them
assume a porphyritic structure, or developed in crystals of sufficient size to

* be separated and analyzed. Thus we are reduced to the necessity of ana-

lyzing the rock as a whole, if we would wish to obtain any more satisfactory

insight into its real composition.

If we consider, for a moment, the manner in which these igneous masses
must have been formed, and the circumstances under which they were
poured out from the interior of the earth, we cannot expect to find an abso-
lute uniformity of texture or of composition, in the different sheets of plastic

matter, which were spread out over the surfiice at dificrent periods during
the same geological epoch ; but may reasonably expect that, during the con-
tinuance of the same general causes, the igneous products will be, in some
degree, characterized by peculiarities of composition.
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We will now proceed to the detail of the results of the examination of

these rocks ; and first, we will take up the trappean rock of which Presqu'isle

is composed.

Analysis of the Igneous Rock of Presqu'isle.— A peculiar variety of

rock occurs at Presqu'isle, and forms the principal portion of that projection

of the coast. It has all the aspect of an igneous, or eruptive rock. Its

color is a deep-green, almost black, and it is apparently homogeneous in its

composition, ft is somewhat columnar in its structure, resembling some
varieties of basalt. It is all readily attracted by the magnet, when broken

'into small fragments, but no distinct particles of magnetic iron can be per-

ceived in it. Before the blowpipe, it hardly undergoes any change when
heated in the platina forceps ; it becomes slightly rounded on the edges and

remains magnetic.

It is only partially soluble in strong chlorohydric acid, after long digestion

at a temperature near boiling. It contains both the protoxide and peroxide

of iron. A portion of the minerali which had been previously ignited in a

stream of carbonic acid gas, lost by reduction with hydrogen only 3.87 ^>er

cent., so that by far the larger portion of the iron is in a state of combina-

tion in which it cannot be reduced by ignition in a stream of hydrogen.

The analysis gave

:

Silica 38.24

Magnesia 14.83

Alumina -- 1.48

Lime 1.42

Water - 9.53

Peroxide and protoxide of iron and a little soda 34.50

100.00

The amount of iron, as found by the analysis, and calculated as a peroxide,

is 34.59 per cent.; but, on testing the solution of the mineral in chlorohydric

acid, attacked in an atmosphere of carbonic acid gas, it was found that both

the oxides of this metal were present in it. Want of time rendered it im-

possible for us to complete the analysis.

From the above results, it appears that the substance is fssentially a

hydrous silicate of magnesia and the protoxide and peroxide of iron.

This rock differs in its external character and chemical composition from

any occurring elsewhere in our district, and it is difficult to refer it to any
known class of rocks ; it approaches somewhat nearly, in composition, the

mineral Hisingerite.

The trappean ridges which accompany the iron of the azoic slates are in-

teresting and important, from their connection with the valuable deposits of |

this metal, as those of the Silurian with the copper. An examination was
made of the rock from section 10, township 47, range 27, as a good sample
of the kind of trappean rock most nearly connected with the iron. It forms
a high ridge, just south of the great ferriferous band extending through that

section. The rock is of a light-green color, tough, made up of a finely

foliated and lamellar horjiblcnde, with a siuali proportion of a feldspathic

ingredient, which is not distiiirtly to be made out, as it is not crystallized,

but which appears to have th" lustre and degree of fusibility of labradorite.

A few specks of iron pyrites are scattered through the rock ; and this mine-

ral is common to uU the trappean rocks of the azoic series. It is not easy

col
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to decide whether the main ingredient of the rock is pyroxene, or hornblende,

as the crystalHzation is too. confused to allow of the measurement of the

cleavage planes ; but, as far as can be judged by the eye, it seems to be horn-

blende rather than pyroxene.

Portions of the hornblendic element of the rock have a bright grass-green

color, like coccolite, and are of a granular texture.

The following are the results of a single analysis

:

Oxygen.
Silica 46.31 24.06

Alumina 11.14

Protoxide of iron - 21.69

9.68

6.91

4.44

trace

100.17

Lime
Soda
Water --
Magnesia*

5.21

4.82
2.76

1.78

I'he large quantity of water is remarkable, and we content ourselves with

stating the fact, without attempting to go into the discussion of the part

which it plays in the constitution of the rock.

If we neglect the water, and considering the feldspathic element as labra-

dorite, deduct from the oxygen of the silica and the protoxide bases, a quan-

tity corresponding with the composition of this mineral, taking all the alu-

mina as belonging to it, we shall have remaining

:

15.64 oxygen of silica.

7.63 oxygen of protoxide bases.

This would make a silicate, in which the oxygen of the silica was the

double of that of the bases RO, namely, hornblende or pyroxene. Thus, the

composition of the rock would be a mixture of labradorite and pyroxene,

together with water.

The above analysis may be taken as a representation of the rocks accom-
panying the iron in the northern portion of the azoic region ; in the more
southerly part of the district, along the course of the Menomonee, there

seem to be two classes of igneous rocks ; one, a very compact, dark, horn-

blendic variety, with occasional crystals of a feldspathic mineral, probably

labrador, interspersed ; and the other, a much lighter-colored rock, and in

appearance more resembling the granite family.

A specimen of the light-colored, homogeneous rock from the Menomo
nee, about four miles below Sturgeon falls, was particularly examined.

Before the blowpipe it fuses. readily to a colorless, transparent, glass; it

is very incompletely dissolved in chlorohydric acid. The analysis gave :

Silica- 54.54
Alumina 21.45
Peroxide of iron - 5.53
Lime
O- 1
ouua
Magnesia

Water - - -

100,00

8.40 1

7.54 i
'i

trace ;

2.54
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This is very nearly the composition of labradorite, so that it would seem

to be a massive feldspathic rock, or a feldstein of the Germans, which name
has been adopted into the English language by Sedgwick, and called by him

feldstone.

The same rock occurs along the Menomonee, from Sandy portage to Big

Bekuenesec falls, forming cliffs two hundred feet high ; it occasionally

takes into its composition a little of a light-greenish mineral, which resem-

bles serpentine, or talc, in appearance.

There are some rocks in iho same region, whether purely igneous or met-
amorphic, it is difficult to say, which partake somewhat ot the, nature of

serpentine, though we have not recognized any perfectly distinctly marked
specimens of this substance. A passage from rocks of this class mto horn-

blende and chlorite slates may not unfrequently be noticed. Of this uncer-

tain composition is the rock which is exposed m ledges on the road from the

Jackson landing to the Forge, which is of a character intermediate between
a trappean and serpentine rock.

In one respect, many of these igneous rocks resemble serpentine, and might,
on that account, be considered as likely to contain intermixed p'^rtions of

that mineral ; this is the large percentage of water which they are found
to contain, even when presenting a perfectly fresh and undecomposed ap-

pearance. This water may, however, with equal probability, be referred to

the presence of chlorite, which is certainly an occasional ingredient of these

rocks, although by no means as frequent as in the traps of the Silurian series.

There is evidently a gradual passage of serpentme and steatite into horn-

blende rock, and they all occur so mtermingled, and under such a variety of

form, that no exact lines of demarcation can here be drawn between them.
On the whole, as far as our researches on the trappean rocks of the azoic

series will justify us in drawing any general conclusions as to their place in

the classification of these igneous products, we are inclined to refer them to

the diorite family, though the feldspathic element is certainly not in all cases

albite, which is generally recognized as being an essential ingredient of this

class of rocks. The difficulty of determining this point, however, is very
great, inasmuch as this mineral forms comparatively a small proportion of

the mass, and exhibits only a granular structure.

We ought to advert to the large percentage of iron which all these rocks

of the azoic series are found to contain, and which is a fact important in its

connexion with the immense deposits of the oxides of this metal which are

associated with them. This iron is mostly in the form of the silicate oflthe

protoxide, in the purely igneous varieties : when, however, they pass into

slates, or assume the appearance of the raetamorphic rocks, the iron appears

in great abundance in the form of the bisulphuret, or iron-pyrites.



95 [4]

CHAPTER VII. •

MINEBALOOT.

The following list, arranged alphabetically, comprises all the minerals

which have been found in the sandstone and conglomerate, together with the

associated trappean rocks of the Lake Superior copper region, as far as we
have been able to determine. We Ijave also included the few minerals
which occur in the azoic slates and the associated igneous rocks:

We have added, under the head of each mineral substance, such informa-

tion concerning its crystalline form, chemical composition, and peculiarities

of occurrence, as may be of interest to the mineralogist and practical miner.

The intimate connection between the occurrence of valuable ores and their

associated gangues need not to T)e insisted on ; and it is evident that infor-

mation with regard to the veinstones and associated minerals of the copper-

bearing rocks forms an important addition to the geological description of
this region.

Actmolite.— See Hornblende.

Agate.— See Quartz.
^

Mbite.— See Feldspar.

Amethyst.— See Quartz.

Analcime.— This mineral ha'< been found in several localities, in beauti-

fully crystallized specimens. The crystals arc all trapezohedra : they are

never transparent, but generally nearly opaque. They are tinged with
various colors : light flesh-red, by suboxide of copper, or green, by car-

bonate or silicate of the same metal ; the crystals which contain no copper

vary from white to a light-grey or reddish-white. The largest crystals

are about an inch in diameter. At the Copper Falls mine, the crystals of

analcime are associated with calc-spar, and are influenced in their crystal-

line form by this mineral in a singular manner. A mass of calc-spar, for

instance, will exhibit, on its surface, numerous crystals of analcime, of each

of which, however, only from two to four of the trapezohedral faces are

visible. On cleaving off the calc-spar with care, it will be seen that the

analcime has been prolonged, sometimes for an inch or more, between the

crystalline planes of the calc-spar, being compressed, as if by the more
powerful crystalline force of the latter mineral, into four-sided prisms, on

the summits of which, as they have emerged from the calc-spar, the trape-

zohedral faces have been formed with their usual lustre and appearance.

At the old workings of the Pittsburg Company, at Copper Harbor, in the

conglomerate, this mineral was found in abundance ; in fact, it formed no

inconsiderable portion of the gangue of the veinv The crystals were

tfcnerally colored by suboxide of copper, and associated with an argil-

laceous substance, which was very liame to crumble, and thus destroy the

value of the specimens. At Eagle Harbor, crystals of analcime occur,

which are filled with a fine net-work of native copper, which has not, how-
ever, prevented the perfect development of the crystalline faces.

Other localities of this mineral are :—East bank of Eagle river ; Lake
Superior company's mine ; Massachusetts location.

Apophyllite.— This mineral is found in considerable abundance, and in

fine crystals, at several localities. At the Cliff" mine, the crystallized spe-

i
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cimens are all tabular, the faces P greatly predominating over M. The
planes a' are developed so that M appears only as a small quadrilateral

plane. The crystals are from onc-cighth to one-fourth of an inch in

diameter ; they are, occasionally, transparent and colorless. At the North
American mine,*they occur in abundance, mostly in octohcdra, with a

square base, the face P being entirely wanting on most of the specimens,

and when it occurs it is very small.

At the former locality the crystals occur in connection with native cop-

per, in small cavities in the masses, and separated from the metal by a thm
band of silicious matter.

The foliated variety (ichthyophthalmite) occurs at the Prince mine, on
the north shore of the lake.

Asbestus.— See Hornblende. ' '': — '

Augite.— See Hornblende.

Azurite.— See Copper, carbonate of.

Baryta, Sulphate of.— This mineral occurs abundantly m the conglome-
rate, and occasionally forms veins of considerable magnitude. The finest

crystallized specimens have been found at the works of the Mendenhall
mming company^ on Mineral creek. The ore obtained there consisted of
calc-spar and sulphate of baryta impregnated with sulphuret of copper.

The crystals are tabular in form, and colorless and transparent : they occur

implanted on the gangue and are very abundant, but do not exceed a quar-

ter of an inch in diameter. Near Agate Harbor the cock's-comb variety

occurs abundantly, in a vein in the conglomerate, associated with calc-spar

and sulphuret of copper. At both the above-mentioned localities the great

weight of"the sulphate of baryta, colored deeply by from eight to ten per cent,

of black sulphuret of copper, led to the erroneous idea that the ore was
very rich in this metal.

Blende.— See Zinc, sulphuret of.

Calc-spar.—This mineral constitutes an essential part of most of the

veins, both in the sandstone and conglomerate, as well as in the trappean

rocks ; together with quartz it forms the almost invariable gangue of the

copper, and it also occurs by itself in veins of great width, which are prin-

cipally found in the conglomerate. Crystallized specimens occur at many loca-

lities. A few of the more interesting forms may be mentioned. At Copper
Falls, Eagle Harbor, Agate Harbor, tne Cliff mine, and North American mine,

in the form of an obtuse rhombohedron, cuboide of Haiiy. The crystals are

often filled with bright spangles of native copi)er. At the old workings at

Copper Harbor, highly modified scalene-triangular dodecahedra, also six-

sided prisms, the latter of small size but perfectly transparent and colorless.

The oolorless crystals were implanted on the massive calcareous spar in the

vein, and evidently formed posteriorly to the latter. At Agate Harbor, the

dog-tooth variety was found in the greatest abundance, nearly the whole
mass of the vein being made up of a congeries of crystals of this form and

of a light-bluish color, associated with cock's-comb spar, and, generally,

colored by sulphuret of copper. At the Mendenhall company's location,

beautiful nemitropic crystals of the scalene-triangular dodecahedron were
found.

At Presqu' isle, an abundance of finely-crystallized specimens was thrown
out by the company engaged in mining at that place. The crystals are

nearly all hexagonal prisms with trihedral summits, some of which are an inch

in diameter, and one or two inches in length. They would be verv fine cabi-
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ret specimens, had not nearly all the crystals undergone a molecular change
for a depth of half a line, which has rendered them dull and rough upon the

surface. The calc-spar is here associated with galena, and is posterior to this

mineral. At the same locality handsome dog-tooth crystals* occur.

At Copper Harbor, in the black oxide vein, numerous fine crystallizations

of this mineral were obtained. They were mostly six-sided prisms, with
iiumerous additional planes, and scalene-triangular dodccahedra.

Carnelian.— See Quartz.

Chabasie.— Doubtful if found in the Lake Superior region, which is an
interesting fact, inasmuch as this mineral occurs commonly among the trap-

jiean rocks in numerous localities.

Chlorastrolite.— This mineral was first observed by Dr. Locke, on the
shores of Isle Royale, and afterwards obtained by Mr. J. H. Blake. It was
analyzed, and described as a new mineral by Mr. Whitney, in the fifth volume
of the Boston Natural History Society's Journal. The name, chlorastro-

lite, was given to it by Dr. C. T. Jackson, in allusion to its greenish color

and stellated strnctnre.

It occurs in finely radiated, stellated masses, with a pearly lustre, and
slightly chatoyant on the rounded sidef. Hardness 5.5 to 6 : specific gra

\ity 3.180 : color light bluish-green. Its behaviour before the blowpipe is

as follows

:

In the open tube it yields water, and becomes white.

In the platina forceps it fuses with great facility to a greyish, blebby glass.

It intumesces and swells up like a zeolite.

Soda dissolves it in small quantity, and gives a bead colored by a trace of

manganese : if more of the assay be added, it swells up to an infusible slag.

It is dissolved by borax readily, and in considerable quantity, and gives a
transparent glass colored by iron.

Salt of phosphorus dissolves it in small quantity, and gives the reaction

of iron.

With nitrate of cobalt it gives a beautiful blue.

It is readily dissolved by chlorohydric acid, the silica being entirely sepa-

rated in the form of a flocky precipitate.

The analysis of two specimens gave

:

I. II.

Silica 36.99 37.41
Alumina 25.49 24.25
Peroxide of iron 6.48 6.26
Lime 19.90 21.68
Soda 3.70) . qq
Potash .40

f

^-^^

Water 7.22 5.77

100.18 100.25

The ratio of the oxygen in these analyses is as follows :

I. II.

Oxygen—ratio. Oxygen—ratio.

Silica 19.22 3.00 19.4:3 3.00
Alumina & oxide of iron 13.90 2.10 13.19 2.03
Lime, soda and potash 6.50 1.01 7.41 1,14

Water 6.40 1.00 5.13 .79

Ex.—
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Another determination of the water was made on a third specimen, which

g*If 7.16 per cent., showing a near agreement with analysis No. I.

The ratio of the oxygen of the water, protoxide bases, the peroxide bases
and the sihca, is nearJy 1 : 1 : 2 : 3 ; and the formula is, therefore

:

3Sa8hiO,+2^^;g|jSiO.+3HO

This formula is that of meionite, with the addition of three atoms oi
water.

The calculated percentage of the mineral, according to the above for-
mula, is as follows, assuming that the bases Rj O3 are represented by six-
sevenths of alumina, and one-seventh of peroxide of iron, and the bases
R O by lime six-sevenths and soda one-seventh :

Silica ^ 38.25
Alumina 24.32
Peroxide of iron 6.31
Lime 19.97
Soda 3.70
Water- 7.45

I

100.00

The chlorastrolite has been cut and polished for the purpose of orna-
mental jewelry, and makes a very pretty gem. The best specimens are
found in the form of rounded masses, which have been loosened from the
trap, and worn and polished by the water ; they are most abundant on the

small islands, near the north-eastern end of Isle Royale. This mineral is

found in the rock at Chippewa harbor : the largest specimens which have
been found are about an mch in diameter.

A mineral much resembling chlorastrolite occurs, on Isle Royale, in radia-

ted epidote, in the form of small fibrous, radiated masses. The color is a
light bluish-green. The quantity which could be obtained of it for analy-

sis was so small, and it was so difficult to free it from the gangue, that the

following analysis can only be regarded as an approximation.

Silica - : 42.6

Alumina and oxide of iron- 31.2
Lime 20.6

Water 5.2

I:! U

99.6

As the ratio of the oxygon of the silica, alumina and oxide of iron, lime

and water are, approximately, 3 : 2 : 1 : 1, it is not improbable that the

above may be a hydrous epidote ; which supposition is rendered more pro-

bable by its mode of occurrence, in fibrous nodules enclosed in radiated and

massive epidote.

Chlorite.— This mineral occurs abundantly in the trappean rocks, and is

disseminated through them in fine particles, or fills the amygdaloidal cavities

of the rock. It is very commonly found covering the surface of the amyg-
dules of calcareous spar, interposed between the latter mineral and the trap.

It is also a constant accompaniment of the veins, especially in tho Ontonagon

Ifc
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region, where it forms a large part of the gangue, and is associated with
quartz. It occurs in large masses interposed between the sandstone and
the trap, on Keweenaw Point and in the Porcupine mountains. At the mine
of the Union company, a bed of chlorite, lying between the trap and sand-

stone, was worked for copper, which was interspersed through the mass in

fine and delicate films, and which most frequently occurred hning the exte-

rior surface of the amygdules of calc-spar ; these were scattered through

the chloritic mass.

ChrysQColla.— See Copper, silicate of.

Copper, JSative.— This metal is in every respect the most interesting

substance found in connection with the trappean rocks of the Lake Superior

region. Its wide distribution, and mode of occurrence in them, have been
already described in the first part of this report, and it will only be neces-

sary to add some few particulars of mineralogical interest, to what has
already been said with regard to this metal.

In addition to the enormous masses which occur in the veins of this region,

sometimes attaining at the Cliff mine the weight of several hundred tons, a
great variety of interesting crystalline forms are occasionally found. The
most interesting localities of the crystallized copper are at the Copper Falls,

the Cliff, the Phoenix (formerly Lake Superior), and the Eagle Harbor mines.

Unfortunately, but tew good crystals have come into our possession, as

they are highly valued by those interested in the mines, and of course diffi-

cult to be obtained, except' by those residing at the localities where they
occur.

The finest crystals which we have obtained were from the Cliff mine,

where they are frequently thrown out with the gangue, which is generally,

where the copper occurs crystallized, drusy quartz associated with calcare-

ous spar. These crystals are generally tetrahexahedra ; the largest which
we have is one-fourth of an inch in diameter. The twenty-four-faced figure

is formed by two replacements on each edge of the cube by the plane 6*.

The crystals, however, are rarely perfect, being almost always much dis-

torted ; and, often, only one or two crystalline planes are to be recognized on
the extremity of a shapeless, elongated mass. We have seen, from the Cliff

and Copper Falls mines, octohedral crystals, some of which were nearly an
inch in diameter ; cubical crystals also occur at the last named locality.

An abundance of dendritic, or arborescent forms, have been obtained at the

Eagle Harbor and Copper Falls mines, but their planes are too imperfect to

allow their detailed structure to be made out.

A beautiful instance of the crystalline form of one mineral modifying the

form of another, crystallizing within it, was noticed at the same locality,

where the compound group of twin crystals lay within a crystal of trans-

parent calc-spar, and the individuals of which had assumed, in reference to

the main stem, the angle of the rhombohedral crystal in which they were
enclosed.

No doubt, as these mines are farther opened, an abundance of interesting

forms will be developed. Crystals of analcime occur at Copper Falls, which
are completely filled, throughout their whole interior, with delicate ramifi-

cations of metallic copper, so that, if the silicious material were dissolved

out, the form of the crystal would still be recognized by the mass of metallic

matter remaining.

Copper, black oxide of.— This substance was found in large quantities,

forming a vein in the conglomerate at Copper Harbor. Its geological posi-

U\
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Uon hdH hocn described in a previous rtporl. This, so far as known, is

he only nrftaiu « of the occurrence of this substance in a state of purity,

id forming fhc principal mass of a vein. It is not to be coi.founded with

tlfe substance known to mineralogists as " copper-black," wiiich is a pro-

duct of thf decomposition .' other ores, and a mechanicil mixtun' of various

hydrated oxides, especially ol iron, manganese and co^.pei'. The name of

Tenoritt has been given to the oxide of copper fount! in minute hexagonal

scales on iIh- lava of Vesuvius.

As we were presen >t Copper Harbor during a portion of the time while

this vein was being wurkod (in 1845), we had u good opportunity o^ seeing

the real nature of the ores. We searched all the masses thrown out, at

that time, for crystallized specimens of this substance, but without succe^ !

ing in finding any. Mr. J. E. Teschemacher has, however, discovev J iii

the masses, mined after that time, and sent down to Boston, a in mbt^r of

crystals, which are cubes with their solid angles replaced. Tbi qutc'.ic^

therefore arises, whether this is really a dimorphous substan' e. IV i . Tesche-

macher has suggested that these crystals may originally havf> l^.-en crystals

of red oxide of copper, and that they have been converted into the black

oxide by the agency of heat.

In regard to this, it may be said, that crystalliztd red oxide of copper

occurs abundantly in the same vein, but that the crystals are all odohearal;

moreover, the crystals of Cu^ O occur implanted on metallic copper, when,
according to Mr. Hayes's views, they ought to have undergone the greatest

amount of heat, and, therefore, to have been converted into black oxide.

We are inclined, in every point of view, to regard the whole formation of
the black oxide vein as one which occurred in the humid, rather than in tho

dry way, and see no sufficient reason to suppose the cubic crystals of CuO
pseudomorphs.

Portions of the black oxide of copper are mingled with silicates of thu

oxide, more or less hydrous, but large masses were obtained of almost pure

CuO. Severa 1 analyses of the black oxide have been made by us, which snow
the presence of from one to two per cent, of impurities, mostly silex, lime,

and iron, in the massive varieties.

The following is a miner.ilogical description of this remarkable mineral

:

Substance tesseral ; crystallized in cubes with their solid angles replaced
;

generally found massive ; no distinct cleavage ; hardness, about 3 ; specifi.:

gravity, 6.25; color, steel-gray to black; lustre, sub-metallic; the earthy

varieties acquire a metallic lustre on being scratched with the knife ; opaque;

chemical composition.

Copper -

Oxygen
79.66

20.14

100.00

Copper, red oxide of.— This substance is found in numerous localities*,

but rarely in very fine specimens. The best were obtained from the black
" ul" vein r t Copper Harbor, where they occurred crystallized in octohedni,

a; * iiupinii.ed on masses of native copper. A few very fine specimens weie

oit Jicu here, the crystals being about one-eighth of an incn in diameter,

aad ery perfect.

The capillary variety, of a beautiful cochineal-red, was observed near

of the vein of the Cliff mine, when first opened, evidently a
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secondary product. Numerous minerals throughout the copper region are

colored of a bcautifu u <l tint by thr presence of tbo substance.

Copper, mrhonntc of.— Tlic pfreen carbonate occurs in numerous locali-

ties, but only in vci y small ami iiiironspicuous masses, resulting from the

action of meteoric agencies on the metallic lopper. The blue <'arbonate is

much rarer; and we have, in Tict, only noticedJt in minute quantities in two
or three localities. The pjrecn carbonate occurs in slender fasiculated fibres,

in the cavities of the amygdaloid, at Copper falls ; azurite, or the blue car-

bonate, is found in smalLquantities at the Algonquin location.

Copper, phosphate of.— Occurs at Copper Harbor, forming a delicate

incrustation over some of the masses of the black oxide.

Copper, silicate of.— Chrysocolla, or the hydrated silicate of copper,

was obtained in considerable quantity from the so called " black oxide vein,"

at Fort Wilki IS. In the outer belt of conglomerate at Copper Harbor, the

same vein was made up principally of calcareous spar mixed with, a J

stained by, silicate of copper. This vein, projecting into the lake, was long

known to the voyagers as " the green rock." Th» silicate was occasion-

ally quite pure, and of a fine bluish-green color, but nore frequently mixed

with ferruginous and argil'aceous matter, or, somet .nes, with the black

oxide.

Dioptase, also a hydrated silicate of copper, but conl lining only one-half

the quantity of water of the chrysocolla, is said to have 1 -en found in minute

crystals at the same locality.

Copper, sjilphuret of, and Copper Pyrites.— Coppi pyrites, or sul-

phuret of iron and copper, Cuj S -|- Fcj S,, occurs in minute particles, occa-

sionally, in the native copper mines. In the southern trap ran ^e on Keweenaw
Point, the sulphurets of copper are the prevailing ores, and are found in

considerable quantity. Copper pyrites occurs at Lac la Bt lie, in the vein,

and scattereil in particles through the rock adjoining ; but the greater portion

of the metalliferous contents of the lode at this mine are the \ itreous and va-

riegated ores (Cuj S and FeS + 2 Cu^ S). They are not crystallized, as far

as we have observed. The sulphurets of copper have been mir d also at the

locations of the Suffolk and Mendenhall companies. In the hotter case, the

ore was mainly sulphate of baryta, colored by sulphuret of ( ipper. The
same was the case at the workings of the New York and Mi higan com-
pany, ^he vein, in both these cases, being in the conglomei te. In the

azoic system, copper pyrites is found in small quantities in ^ gangue of

quartz, which forms veins traversing the slates. On the north si ore of the

lake, the sulphurets,especially pyritous copper, have been extensiv^^ly worked
at the Bruce mine, and the Prince vein.

Arsenical copper pyrites occurs at the Medora mine on Keweenaw Point.

Copper, vanadate of.— The vanadate of copper is said, by Mr. Tesche-
macher, to have been found at the Cliff mine ; we have been unable to detect

the presence of vanadium in any of the specimens which we have found

there, and Mr. Schlieper, to whom Mr. Teschemacher referred his speci-

m<>ns for examination, was not able to satisfy himself of the existence of

vanadium in them.

Datholite.—No mineral occurring in this region aflfords more beautiful

and abundant specimens than this. The principal localities are on Isle

Royale, where it tonns, in some cases, nearly the whole gangue of the
copper-bearing vein. By far the finest locality of crystallized specimens is

in township 65, range 34, section 10, where beautiful groups of crystals,

y '
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some of which were half an inch in diameter, were obtained. The crystals

are implanted on massive datholite, which is translucent, and has a lustre

inclining to resinous. The massive variety foiins nearly the whole width of

the vein, being enclosed between selvages of radiated epidot*?. Most of the

copper in the vein is associated with the epidote near the walls. The cavi-

ties in the massive datholite are filled with crystallizations of the same

mineral. On these crystals are occasionally implanted delicate honey-yellow

scalenohedra of calcareous spar. The datholite is colorless, except in the

proximity of the copper, when it is occasionally tinged of a pale-red by the

suboxide of that metal.

We have thought it worth while to make an analysis of the massive

variety of this mineral, the results of which show that it is equally as pure

as the cpystalli/ed, and agree well with those required by the formula.

Silica - 37.64

Lime 34.68

Boracic acid 21.88 by loss.

Manganese, oxide of trace

Water - - 5.80

lU i

100.00

Dioptast. - Sae Cppper, silicate of.

Dolomite— Foras immense beds in the Niagara limestone, on the shores

of Lake Michigan, and in the St. Mory's liver. The interior of the casts

of the fossils contained in it are lined with crystals of the same mineral.

Epidote.— This mineral is mogt abundantly distributed through the

whole trappean range of Keweenaw Point. It sometimes even forms, of

itself, mountain masses. It rarely, however, occurs in distinct crystals, so

as to form good cabinet specimens. Some of the radiated specimens, from
the Ontonagon region., where it occurs i.i quartz, and associated with cop-

per, are very pretty. Epidote sometimes colors the crystals of quartz, with
which it is associated, and forms very pretty specimens. It is one of the

most common attendants of the native copper.

Feldspar.— The only variety of feldspar which occurs in distinct crys-

tals, is a peculiar reddish variety of oriliociase, which is found in some ot

the veins, implanted on quartz or copper. It occurs, also, in fine acicular

crystallizations, which have a striking resemblance to stilbite, at the Cop-
per Falls mine, where it is associated, in the vein, with calcareous spar and
native copper. At the Douglass Houghton mine, the same variety occurs

in the vein, in crystals- implanted on quartz. An analysis of the indistinctly

crystallized mineral from Copper Falls, gave the following result

:

Silica O0.88
Alumina 17.35
Oxide of iron .57

Potash and soda 10.20 by loss.

100.00

A sufficient quantity of the substance could not \w ohfiiiucd lor a direct

determination of the alkalies, but the above results ii<rri'L' so nearly with

the composition of orthoclase, that its identity with thai 1 liiieial c.innot be

doubted. This is an anomalous occurrence ol this mineral, ami one which
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it is difficult to explam. The feldspar is evidently posterior, in its forma-

tion, both to the copper and the calcareous spar, and must be considered

here as an undoubted aqueous product.

Labradorite is the prevailing variety of the feldspar family in the trap-

pean rocks of Keweenaw Point and Isle Royale : it is generally so inter-

mixed with the other ingredients of the rock as not to be distinguished by
the eye ; but, in the porphyritic belts of Isle Royale, it occurs in distinct

crystals of a green color.

For an analysis of the orthoclase of the granite of the azoic region, see

the chapter on the igneous rocks. In the same chapter will be found an
analysis of the massive labradorite, or feldstone, of the azoic series.

Orthoclase forms almost the entire mass of extensive ridges in the gra-

nite, south of the azoic slates, through the whole extent of our district.

Fluor-spar.—The only localities in which this mineral has been found in

our district, as far as we know, are at Copper Falls, where small cubic crystals

were obtained, which hardly exceeded an eighth of an inch in diameter ; and
about a mile above Eagle Harbor, in the conglomerate. On the north side

of the lake, fine specimens have been obtained at Prince's bay, where it

occurs in cubical crystals of a green color. It also occurs on Fiuor island.

, Galena.— At Presqu'isle, this mineral occurs in a variety of crystalline

forms; namely, the cube, the octahedron, the octahedron with its solid angles

replaced, and the dodecahedron. Some of the crystals show a very beauti-

ful, secondary crystalline action induced upon the faces of the original crys-

tal. Thus, the sides of the cubic crystal have become, apparently, rough-

ened on the surface, as if a coarse file had been drawn across them ; but, on
examination with the microscope, it will be seen that this appearance is due
to the projection from the surface of numerous minute facets of the octohe-

dron, of which the solid angles project beyond the surface. In other in-

stances, the whole crystal is made up of very thin plates, laid one upon the

other, retreating by steps. In other crystals, the whole side of the cubic

crystal is made up of the minute plates of which the edges are indented

with triangular notches, showing a tendency of the surface of the original

crystal to develope into octohedral forms. Similar phenomena of crystalli-

zation have been noticed in other minerals, especially fluor-spar and salt.

The variety of quartz, called Babel quartz, presents a structure similar to that

displayed by some of the crystals of galena at this locality.

Garnet.—In Ihe mica slates of the southern portion of the district, this

mineral occurs, not unfrequently, but the specimens are of little interest.

Gypsum—Occurs in small quantity in the Niagara limestone of the shore

of Lake Michigan, but no good crystallizations have been found. We
have seen specimens said to be from St. Martin's island, but were unable to

discover it there ; at the time of our visit, the deposit was, probably, under
water. Beds of plaster are marked on the map as occurring on the east

shore of Green l)ay, but we traversed a large portion of that coast, without

succeeding in discovering this valuable mineral.

Harmotome.— A single specimen of this mineral is said by Mr. Tesche-
raacher to have been found on Isle Royale hy Mr. J. H. Blake. The most
careful examination has failed to reveal the presence of this mineral to us in

our explorations on that island, or on Keweenaw Point.

Heulandiie.— This mineral is said to have been found on the north shore

of the lake, but we are not aware of its occurrence iri our district.

Hornblende.— This mineral occurs in abundance in the slates and trappean

1
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rocks of the azoic system, but nowhere <Ieveloped in very distinct crystals.

It is generally of a deep-green color, ahnost black, sometimes thinly foliated,

and sometimes asbestiform.

Iron, magnetic oxide of, and peroxide of,— The nature of the occurrence

of these ores has already been discussed at length in the geological portion

of this report, so that it will not be necessary to enter into any farther par-

ticulars respecting them. The specular oxide which occurs in the quartz

veins cutting the massive beds of iron, is in large and brilliant plates, and

affords very pretty specimens.

Crystals of magnetic oxide occur in abundance in the chloritic slates,

associated with the azoic rocks, and in the proximity of the massive ores.

Magnetic iron forms one of the most common and almost unfailing mine-

rals of the trappean rocks of the Silurian age. Associated with labradorite,

it forms beds of porphyry, intercalated among the compact and crystalline

traps of Isle Royale.

Iron Pyrites.— One of the most common minerals; it occurs in great

abundance in fine particles, scattered through the hornblende rocks of the

azoic series. It is found in cubic crystals at Presqu'isle, associated with cal-

careous spar.

Iron-sand— Occurs on the shores of the lake in great abundance, and is

probably derived from the disintegration of the slaty rocks of the azoic

series.

Jasper.— See Quartz.

Labradorite.— See Feldspar.

Laumonite.— This is one of the most abundant of all the trappean mine-

rals in the Lake'Superior region. It occurs in the bedded trap of Keweenaw
Point, filling the amygdules, especially near the contact of the conglomerate

and sandstone. It forms a considerable part of the gangue of some of the

metalliferous veins, and is especially frequent in the selvages of the veins.

On Isle Royale it frequently occurs in thin bands, between the different

belts of trappean rock. Near Eagle harbor it forms a wide vein, filled with
irregular strmgs and bunches of copper.

Near the location of the Atlas company, in the Porcupine mountains, it

forms a considerable portion of the trappean rock, over a great extent of

surface. The rapid change which this mineral undergoes, when exposed to

the air, by losing a portion of its water, causes the rock containing this

mineral to crumble and disintegrate rapidly. The Leonhardite, on the con-
trary, appears to remain unaltered by exposure.

Leonhardite.— This mineral has a most remarkable resemblance to Lau-
monite in its general habitus, but appears to have, unquestionably, a differ-

ent composition, and must, therefore, be classed as a distinct species.

The following analyses of this mineral were made by Mr. G. O. Barnes,
under Mr. Whitney'^ direction

:

I. II.

Silica 55.96 55.04
Alumina 21 .04 22.34
Lime 10.49 10.64
Water 11.93 11.93

Thl
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The formula SCaOSiO., + 4Al203SiA + 15H0 requires—

Silica 56.57

Alumina 21.99

Lime 9.40

Water 12.02

99.98

This formula differs from that of Laumonite prmcipally in its containing

a one-third, (instead of a bi-) silicate in the first term ; and fifteen atoms of

water instead of eighteen.

This mineral occurs at Copper Falls. It seems to remain unaltered by
exposure to the atmosphere, containing less water than Laumonite, and

therefore not parting with it so readily as that mineral does.

Malachite.— See Copper, carbonates of.

Magnetic Iron Ore.— See Iron, oxide of.

Manganese, oxide of— Occurs at Manganese lake, near Copper Harbor,

and, also, at Presqu'isle, but the specimens are of no mineralogical interest.

Mesotype.— Fine slender prisms of this mineral occur at Copper Falls,

associated with analcime, on which mineral they are implanted : it is also

implanted directly on the copper, at the same locality.

Mesole.—A mineral resembling mesole, in external character, is found

in the amygdaloidal trap of Keweenaw Point.

Mica— Occurs sparingly diffused through the granitic rocks. The great

predominance of the feldspathic and quartzose ingredients of the granites,

and the comparatively small quantity of mica, is an interesting fact, and
especially so, when taken into consideration in connection with the great

scarcity of simple minerals in the same rocks. Over the whole region

covered by granite, we have hardly found a single mineral of interest, the

only foreign sul)stance present, as far as we have observed, besides specks

ef hornblende and chlorite, being occasional strings of magnetic iron.

Pectolite.— This mineral occurs on Isle Royale, in spheroidal masses, con-

sisting of delicate, silky fibres radiating from a centre, and which closely

resemble the foreign specimens of this mineral from Monte Baldo.

This mineral fuses readily before the blowpipe in the platinum forceps,

with but little intumescence, and gives a colorless, blebby glass. Chloro-
hydric acid dissolves it readily ; the silica separating as a flocky precipitate.

The following are the results of the analyses of two specimens from Isle

Royale :

I. II.

Silica .- 53.45 55.66
Lime 31.21 32.86
Soda 7.37 7.31
Potash trace

Alumina 4.94 1.45
Water 2.72 2.72

I
99.69 100.00

I No. I. contains considerable alumina, which, however, does not form an
essential part of the mineral ; as is evident from the analysis of No. II.,

in which only 1,45 per cent, was found. It is difficult to obtain a radiated,

! if
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or fibrous mineral in a slate of perfect purity from the gangue ; there being

in each case, a small quantity of quartz in the silica separated by digestion

with acid. The results, however, show conclusively that this mineral agrees

in constitution with the formula jiroposed by Von Kobell.

Pitchblende.— A mineral containing uranium, from Maimanse, on the

north side of Lake Superior, was analyzed and described by Dr. J. L. Le
Conte, under the name of coracile. ' For analysis and descri])tion of this

mineral, by Mr. Whitney, also, see Boston Journal of Natural History, Vol.

VI., p. 37» This mineral is particularly distinguished from pitchblende by
its ready solubility in acids, and hence was supposed by Mr. Whitney, who
analyzed it, to contain the oxide of uranium IT^ O^, and not U, 0„ which
is generally considered the slate of oxidation of the metal in pitchblende.

To this view it has been objected that the solubility of the mineral might
be owing to the presence of the carbonate of lime contained in it. This

view is, however, hardly sustained by facts, since it is often the case that the

common pitchblende contains a considerable amount of impurities, and espe-

cially carbonate of lime, without becoming soluble. A portion of the lime,

and the whole of the lead, which the mineral contains, must remain uncom-
bined, imless we suppose it to play the part of a base in combination with

the uranic acid.

Pitchstone.— This mineral occurs in a large mass, in the trap of Isle

Royale.

An analysis furnished us the following results :

Before the blowpipe, in the forceps, it swells up considerably and be-

comes nearly white ; it then fuses without much difficulty to a greyish glass.

The fluxes give with it a strong reaction of iron.

If finely pulverized, and digested with chlorohydric acid, it is only imper-

fectly decomposed, considerable iron being taken up by the acid.

An attack by carbonate of soda gave : ,

Silica ^ 62.51

Alumina - - - * 11.47

Peroxide of iron 11.05

Lime 2.67

Magnesia 2.11

Soda and trace potash 3.03 by loss.

Water 7.14

100.00

Hi

Pitchstone is generally supposed to be a natural, vitreous product, and, as

such, of course no formula can be given for it. .The analyses of this sub-

stance show considerable uniformity of composition, and all exhibit from

five to nine per cent, of water. The part which this large amount of water

plays in a vitreous product associated with trappean rocks is not easy to

explain.

Prehnite^— Hardly any one of the zeolitic minerals is so widely and

universally disseminated through the trappean rocks of the Silurian series

as Prehnite. It forms one of the predominaling minerals in the vein-stone

of the copper-bearing veins. Loose, rounded masses of this mineral are

common on the beaches of Isle Royale, and often contain fine scales of

metallic copper and native silver distributed through them. Other pebbles

of this mineral are colored of a faint flesh-red by suboxide of copper, no
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metallic copper being present in particles perceptible to the eye. Some of

these pebbles have a fibrous structure.

The following is an analysis of one of tliose fibrous, rounded masses, in

which no metallic copper could be seen, on examination with the microscope:

Silica- - 44.80

Alumina and trace of iron 25.34

Lime 24.75

Soda trace

Suboxide of copper 1.04

Wafer 4.01

99.94

The finest specimens of Prehnite, which we have seen from this region,

were obtained at the location of the Atlas mining company, near the Por-

cupine mountains ; at which locality the zeolitic minerals form large, flat

sheets in the trap.

Pyroxene.;— This mineral occurs abundantly as one of the constituents of

the trappean rocks, but no where in well-defined crystals.

Quartz.— The specimens of crystallized quartz (rock crystal), which oc-

cur in this district, are rarely worthy of notice. The druses of this mineral

which occur in the vein, at the Cliff mine, when associated with crystal-

lized copper, or Prehnite, sometimes form very elegant specimens. The
smoky variety occurs ;it Rock Harbor^ Isle Royale. Amethystine quartz,

nearly transparent and of a purplish-violet color, is found in the vein of the

Prince mine, on the noith side of the lake, and this locality furnishes mag-
nificent specimens of deep-colored groups of crystals, associated with calc-

spar. It also occurs in the geodes of the trap, near Copper Harbor.

Of the varieties of quartz which occur in the south side of the lake,

agate is by far the most abundant. It occurs in the cellular cavities of the

amygdaloid, and espcciiilly in the outer band on the north side of Keweenaw
Point, and along the sliores of Isle Royale. xVs this is grailually broken
up and disintegrated by the action of the waves, the agates contained in it

are accumulated on the beach. In general, the specimens found along the

shore of the lake possess little value, except as souvenirs to those who
have 'Collected them, though occasionally an agate of considerable size and
leii'ity is found. The finest of which we have any knowledge were found
by Pi'ofessor Mather, on one of the outer reefs of Michipicoten island; some
of the specimens were two feet in diameter. The agates occasionally pass

into cacholong and carnelian.

Jasper— Is very abundant, forming mountain-masses in the Porcupine

mountains, and at Mount Houghton. Some of that occurring in the Por-

cupine is of a brilliant, deep-red color, and beautifully banded. That of

Mount Houghton assumes, at times, a ribboned structure, but is so fusile,

that it is difficult to procure good specimens. (Vide Part I, p. 65, 70.)

It also occurs abundantly in the azoic series, forming alternating bands
with the iron ores. It is of a deep-red color and susceptible of a high po-
lish. (Vide Part II, ch. IV.)

Scapolite.— This mineral was fouud in prismatic crystals at Twin falls,

Menomonee river.

Serpentine.— An occasional ingredient of the trappean and metaraorphic

rocks in the southern portion of the azoic region.

Silver, native.— This metal occurs diffused through the trap, at various
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tocalities on Keweenaw Point and Isle Royale : in fact, its distribution is

coextensive with that of native copper ; but the principal portion of that

which has been obtained thus far, was from the old Lake Superior (now
Phoenix), the Cliff, the Copper Falls, and the Minnesota mines. The silver

occurs in connection with the metallic copper, both metals being united

together at their edges, and yet each being almost entirely pure, and free

from alloy with the other. The silver is almost invariably accompanied by
a greenish, hydrous silicate of alumina and iron. The most curious speci-

mens are those in which the silver occurs in patches, like the crystals of feld-

spar in a porphyry. There is nothing of particular interest to add with
regard to crystallization, since, so far as we have observed, no crystals of
this metal have been found in this region.

The largest mass of silver obtained, up to this time, weighed more than
six pounds. This was found at the Phoenix mine. Beautiful specimens of
native silver, in Prehnitc, have also been picked up on the beaches of
Washington Harbor, Isle Royale. No ores of silver have been noticed in

the trappean rocks. (Vide Part T, pp. 139, 173 and 178.)

Silver, Sulphuret of.— This mineral occurs at the Prince mine, on the

north shore of the lake ; we are not aware, however, that any ore of silver

has been observed on the south side.

Stilhite.— This n.ineral is found very sparingly, if at all, in the trappean
rocks of Keweenaw Point.

Sphcerosiderite— Is found in amorphous masses, occupying the cavities of
the greenstone of Keweenaw Point, resembling that from Hanau.

Tabular-spar.— Sec Wollaslonite.

Talc.— Although this mineral constitutes a portion of the slaty rocks

of the azoic series, it is rare to find any good specimens, or masses of any
considerable size.

Titanic iron sand.— Some of the sand, which occurs so abundantly along

the shores of the lake, is titaniferous ; but, in general, the iron ores of this

region are remarkably free from this metal.

Uranium.— Sec Pitchblende.

Wollastonite.— This mineral, or table-spar, as it is often called, occurs at

the Cliff mine, and on Isle Royale, near Scovill's Point. Specimens from
both those localities are identical in external characters, but differ much
from the same mineral, as it occurs elsewhere ; so much so, indeed, that

their real nature could only bo learned by chemical analysis.

The mineral, as it here occurs, is compact, of alight, flesh-red color, and
remarkable for its exceeding toughness, surpassing in that quality anv mine-
ral, or rock known.
Two analyses of this mineral, from the ClilT mine, gave as followd :

I. II,

49.09 49.06Silica

Lime
Protoxide of manganese--

Alumina
Magnesia •

Water
Carbonic acid and loss- -

10.38

.48

.14

2.96

.72

• - 44.87
- .93

- 1.28

2.96

.90
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100.00 100.00
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little man-This mineral is therefore a l»i-Nilicate of lirae, colored by a

ganese.

It receives a beautiful polish, and might be wrought for ornamental pur-

poses, if it occurred in suiTicient quantity.

Zinc.— Carbonate of zinc has Inien supposed to occur on Keweenaw
i Point, but this is an error. Blende, or sulphuret of zinc, occurs abundantly

on the north shore, at the Prince mine, associated with calc-spar, sulphuret

of silver, and sulphuret of copper.

A small quantity of zinc ha« been observed at Fresqu'isle. 4
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CHAPTER Vm.
I4OWER SILURIAN SYSTEM—POTSDAM AND CALCIFEROUS SANDSTONES.

General Characters of the Members of this System.— First Traces of
Organic Life.— Ancient Limits of the Oceanic Basin.— General Re-

marks on the Identity of the Groups.— Potsdam Sandstone.— Organic

Bemains.— Range and Extent.— Lithologicnl Changes.— Attempts to

identify it with the JVew-Rcd.— Its Development on the JVorthern Shore

of Lake Superior.— Evidences of Volcanic Action during this Epoch,

— Its Developemcnt on Isle Royale, in Connection with Vd^canic Pro-

ducts,— Fiords.— Monument Rocks,— Its Development on the Southern

Shore.— Keweenaw Point and the Ontonagon Region.— Examples of

Diagonal Stratification.— Its Character and Relations to the preexist-

ing Rocks at Granite Point, Carp River, and PrcsquHslc.— Fissures.—
Grand Island.— The Pictured Rocks.— Miners* Castle.— The Amphi-

theatre.— Sail Rock.— The Grand Portal.— The Chapel,— Examples of

Diagonal Stratification.— The Grand Sable.— The Extension of the

Sandstone eastward to the J^arth Shore of Lake Huron, and westward

to the .Menomvncc.— Occurrence of Trilohilcs.— Us Developement in

Wisconsin.— Sandstone of the M''i''ii\iippi and St. Croix Rivers, iden-

tical with the Potadam of .N'cio York.— Repetition of the Causes which

produced it during the Deposition of the Calciferous.— Calcifcrous

Sandstone.— Range, Extent, and Mineral Characters.— The Want of

Horizontality in the Detrital Deposits not necessarily Evidence of Dis-

turbance.— Chemical Composition of the Sandstone.— Review of the

Various Opinions as to its ,/lgc.

We now proceed to a description of the palrrozoic series of this region.

Unlike the rocks which we iiave hitlierto descrilied, they exhibit few traces

of igneous outburst, and few displacenienls of the strata; but, on the other

hand, they repose nearly horizontally on the basset edges of the slates, or

occupy the depressioi.s in tiie granite.

This general remark, however, must be received with some qualification,

for we find that there existed, during a part of the Silurian epoch, at least

two lines of volcanic foci, iVom wliieh flowed ninnerous streams of lava.

These, mingling with the drtrilal dipnsits, then in the progress of accumula-

tion, formed a mass, whose united tliickness far surpasses the height of the

loftiest summits in tliis region. We refer to the (rap ranges of Keweenaw
Point and Isle Royale, desi rilud in a previous report.

The materials forming these rocks appear to have been deposited as sedi-

ments in the bottom of the ocean, enveloping the various types of animal

and vegetable lile, which, by successive creations, started into being. From
the commencement of this period, so fur as we yet know, may be dated the
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(iawn of animal life. At the base of the Potsdam sandstone, we reach the

verge which separates the organic from the inorganic world. " Here," in

the language of another, ** our voyage, like that of the old, fabulous navi-
* gators of hvc centuries ago, termmates on the sea, in a thick darkness,

beyond which there lies no shore, and there dawns no light."* Starting

then, from this point, we find but a few forms of organized existence repre-

sented. As we ascend in the series, we meet with new tribes, new genera,

nnd new species. Generation succeeds generation. Old forms disappear

and are replaced by new, which, in their turn, become obsolete. The dura-

tion of a single species comprehends an immense period of years; and, when
we consider the numerous changes which have taken place in the different

types, since first the Lingula and the Trilobite appeared in the Potsdam sand-

stone, our thoughts are carried back to a period so remote that all ordinary

modes of expression fail to convey an adequate idea of the lapse of time.

The geologist represents periods of duration by millions of years, as the

astronomer represents the distance of' the fixed stars from the earth, by
millions of miles.

The limits of this oceanic basin are but imperfectly defined. It stretched

east and west, from the shores of the Atlantic to the flanks of the Rocky
mountains ; to the south, it extended beyond the Rio Grande, and north, to

the Arctic ocean.

Within this basin, the granite axes between Lake Superior and Lake
Michigan, and between Lake Superior and Hudson's bay, rose above the

waters of the Silurian sea.

A large portion of North America is embraced within this oceanic bed,

constituting its fairest and most productive tracts. The uplifting force, by
which this sea-bottom was converted into land, must have been gradually

applied; since the strata, for the most part, repose in a nearly horizontal

position, and exhibit few marks of derangement. We meet with no moun-
tain chains, and no transverse valleys, except such as have been excavated

by running water. The whole region is spread out in gently undulating plains;

or, if ridges exist, they are due to accumulations of drift, or to the greater

coherence between the particles in certain groups, which enabled them to

resist the general denudation, which has everywhere left such mcontestible

evidence of its action.

From the MS.' of Mr. Hall, we append some general remarks on the

identity of the members of the Silurian groups, as developed in different

parts' of this basin

:

" The observations of the past season have served to show that nearly
^

all the more important groups of the Silurian system extend uninterruptedly .

«from the more easterly points, where they have been investigated, through f

the northern peninsula of Michigan, as far west as the Mississippi, and even Y

beyond. These observations form a connecting link between those hereto-
|

fore made in New York and Canada, and those made in the southern penin- ^

sula of Michigan, Wisconsin, Iowa, Minnesota, and other portions of the

West, and enable the geologist to form a correct idea of the range, extent,

and fossil contents of these groups, as developed in the northern portion of

the United States. We believe that these results will render some points

of resemblance, heretofore obscure, clear and distinct ; and remove any

doubts that may have been entertained, as to the identity of certain mem-

bers of the Silurian system, in their eastern and western prolongation. If

'1i
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these results are attained, we shall be satisfied that we have not labored in

vain.

These strata, origihally deposited in a wide ocean, every where present

evidences of organic existence. It is not to be supposed that in trachig

deposits of this kind over such wide areas, the conditions of the ocean-

shores would have been uniform in their physical character, and we cannot,

therefore, expect uniformity in the character of the deposits themselves.

The very circumstances under which the sediment was thrown down and

the causes which gave origin to it, are of themselves evidence, a priori,

that absolute uniformity could not prevail over so wide an area. We are

to look, in like manner, for corresponding changes in organic remains. It

cannot be supposed that animals, possessing certain characters and habits

of life, would continue to live for any length of time, when the physical

conditions were unfavorable to their existence. When we consider, als*',

the extent over which these deposits have been traced, the difference iti

longitude alone would lead us to expect some differences in the fauna of

this ancient period. We have only to compare this great linear development

of the palaeozoic strata with an equal extent of modern coast, to form some
idea of the changes that might be expected to occur und^r similar circum •

stances. In making such a comparison, however, we ^s'lall find that th»!

actual condition of these ancient deposits is far more uniform than that of

the sea-shore, or sea-bottom, at the present day.

By making the preliminary examination of recent shores, or of recent

geological deposits, we are far better prepared to appreciate and understand

the changes which will be observed m the rocks themselves. These
changes, though gradual, and readily und^ritood, when studied continu-

ously, are, nevertheless, difficult of explana i m, when seen at wide inter-

vals, or examined at distant local.Hes.

The general results of these exaininations, as will be seen by the loca •

details, have shown an increasing th'^kness in the Potsdam sandstone, in its

western extension, though, at some of the intermediate points, it is much
thinner than in New York. It should be recollected, however, that these

beds were deposited upon the uneven surface of preexisting rocks, and their

entire thickness may, therefore, be exposed only at some of the points

where the originally unequal floor presents some of its elevations, and thus

give an erroneous idea of its actual, entire thickness. The calciferous sand •

stone, in like manner, appears to increase as traced from the eastern limits

of the district westward, and on the Mississippi, attains a thickness equal

to that which it has in New York.
From al' of the evidence, it would appear that these two groups, which

are very intimately related to each other, have their most extreme tenuity

somewhere near the northern extremity of the great arch, formed by the

circuits of the older formations around the northern shores of lakes Huron
and Michigan. From this point, they increase in thickness as traced to the

east and to the west. On the other hand, the lower limestones— the

Chazy, Birds-eye, Black river, and Trenton groups — appear to decrease

gradually in thickness, as traced westwardly from the Mohawk valley, anl
the outlet of Lake Ontario, where they exist in great force. This fact is

made very conspicuous, when their entire thickness, as developed in New
York, is compared with that of the same groups on the northern side of

lakes Huron and Michigan, where they contract to within a hundred feet

and in. some places even less. We have also evidence that they do not,
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like the prcccdinfj f?ro"pSj increase in thickness, when traced into Wisconsn.
and across the Mississippi ; for there, they hardly attaiiua vertical range i)t'

fifty feet. Although over the entire areji the identity of character ana the
continuity of the beds are maintained, it is clear that the materials have
continually undergone diminution, and that the formation, unless it has been
supplied from other sources, will be found to die out.

In the upper member of the Lower Silurian system, the Hudson-river
group of New York, we have also a striking example of the marked change
which a deposit is found to havt! undergone when traced over a considera-

ble area. In the district under consideration, it is clearly recognized
throughout its whole extent, Ironi Drummond's island to Green Bay, except
where it has been denuded, and the space occupied by lakes, or bays. This
group, like the other members of the limestone series before alluded to,

exhibits a diminution in its thickness, as tiiiced westwardly, and disappears,

a short distance beyond the limits of the district.

If we next consider the upper groups of the Silurian system, as displayed

in this district, we dm] that, to a great extent, the reverse is true. Leaving
out of view the Medina sandstone and the arenaceous portions of the Clin-

ton group, which aie scarcely recognizable here, we find the succeeding lime-

stones much increased in thi(;kness, and exhibiting no diminution, but rather

an augmentation, as traced to the westward.

From these general remarks, the reader will be prepared to understand
the details given under each division of the series. It should be observed,

however, in the outset, that the width of surface occupied on the map, by a
particular group, is not always to be regarded as an indication of its thick-

ness ; for this, in most cases, is dependent upon the amount of dip in the

beds, which, in this case, nearly corresponds with the slope of the country;
so that it often happens that a group, less than a hundred feet in thickness,

forms a belt several miles in width.

The bearing and inclination of these successive groups indicate that they
formed the outer margin of a great geological basin, whose greatest depres-

sion is in the lower peninsula of Michigan, where the surface is occupied

by rocks of the carboniferous epoch. It is only in a northern and north-

western direction, however, that we are enabled to trace the strata in a de-

scending order quite to the lowest members of the series, and even to the

non-fossiliferous series beneath them. In other directions, we find the most
elevated portions of the border exposing only members of the upper, or at

most, of the middle, portion of the Silurian system."

iii
I

'f

POTSDAM SANDSTONE.

This was the first formed deposit in the Silurian basin, and attained, in

its greatest development, a thickness of about two hundred and fifty feet, if

we exclude the conglomerate-bands associated w-ith the trap of Keweenaw
Point and Isle Royale.

Range mid Extent.— The bed of Lake Superior, embracing an area of

about 32,000 square miles, is occupied almost exclusively by this rock, if

we may judge from the islands which dot its surface, and the isolated patches

which occur along its shores. On the north, the granite ranges approach

near the coast and confine the sandstone within narrow limits ; on the south,

it occupies a broader area, and has been traced continuously around the

I'l
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axis, which divides the waters respectively flowing into Lake Superior,

Lake Michigan, and the Mississippi. While the granite ranges attain in.

places an elevation of 1200 feet above the lake, the sandstones, except in

the vicinity of the trap, do not reach higher than I3oO feet, and rest in

a position nearly horizontal. Consequently, the granites and slates rise up
Jike islands through this great waste of sandstone.

I This sandstone does not exhibit, at remote points, a homogeneity of cha-

racter, or uniformity in thickness ; but appears to have been modified, to a

great extent, by local causes. Thus, in the vicinity of the trappean rocks,

which afford ample evidence of intense and long-continued volcanic agency,

the beds attain the enormous thickness of 5000 feet, and often consist of

conglomerates, composed of trappean pebbles, cemented by a volcanic sand.

Away from these lines of disturbance, and where it abuts against the azoic

rocks, the mass consists of nearly pure silicious sand, enveloping pebbles of

quartz and patches of slate. Where granite forms the adjoining rock, an
equally marked change is observed in the character of the pebbles.

Since, therefore, the nature of the purely detrital rocks is influenced by the

surrounding masses which formed the ancient land, it follows that htho-

lo^ical characters afford an uncertain criterion in determining their age, at

points widely separated. Yet, we have seen distinguished geologists under-
take to identify these rocks, simply from lithological characters, with the

hunter sandstein* of Germany, with the new-red of England, and the trias

of the Connecticut valley. ;Such a doctrine presupposes a universality of

formations,—as though the same accumulations of silt and sand were taking

place at the same time in oppiosite parts of the earth,—as though the volca-

noes of different hemispheres were at the same time actively excited and
poured forth the same igneous products. Such a doctrine is repugnant to

all of our preconceived notions. It finds no confirmation in the history of
the past, and no agreement with the existing order of things.

The doctrine of the universality of formations receives less conformation
the more the structure of the earth is investigated. The sandstone which
rests at the base of the Silurian system in the Baltic and Russian provinces,

according to Murchison and de "^/erneuil, is slightly coherent and in a nearly

horizontal position. In the vici'nity of St. Petersburgh, the oldest beds of

this system consist of blue clay, the several members differing but little iii

external aspect from the tertiary and cretaceous rocks which are spread oul:

around the estuaries of many parts of Europe. The old-red sandstone, in

many places, is colorless, an( i presents great diversity in mineral composi-

tion.

The Potsdam sandstone of ""New York is a quartzose rock, whose particles

are firmly aggregated, while the same rock, on the northern slope of Lake
Michigan, is so slightly coherent, that it may be crushed in the hand. The
calciferous sandstone of New YonV, when traced west, passes into a mag-
nesian limestone. Even in that stiite, according to Hall, groups which, at

one extremity, are of great importa nee, and well characterized by fossils,

cannot be identified at the other.

The great mass of the materials wh 'ich form the sandstones of this region

appears to have been derived from t he north-west, since the beds there

attain a much greater thickness, and are composed of coarser sediments.

They thin out as we trace them south a nd east, and are charged with fewer

i':

• Dr. Owen's Report, 1847-48, p. 57. Dr. J JWksoa's Report, 1849-SO, p.



115 [4]
pe1)MM. On the Atkntlc slope, according to the Messieurs Rogers, the

sandstones expand in their south-easterly prolongation, while the limestones

decrease. Hence, the ancient land was to the south-east and north-west,

while thij intervening space which formed the ocean bed, is occupied by the

palaeozoic series.

SANDSTONES OP THE NORTHERN SHORE.

On the northern shore of the lake, as before remarked, the sandstone

occurs in insulated patches. According to Mr. Logan, to whom we arc

largely indebted for our knowledge of the geology of this portion of the

region, on the isthmus between Thunder and Black Bays, sandstone occurs

compos'id of white, silicious particles, but occasionally • ilcareous grains aro

intermingled. These beds attain a thickness of at least two hundred feet,

and aro succeeded by beds of red and white, in alternating layers. Con •

glomerates, containing pebbles of coarse red jasper, held in a reddish-white,

or greenish sand', are also interstratified. I'he upper portion of the beds

contains more calcareous matter, and some of the conglomerates envelope

patches of limestone and chert. Mr. Logan estimates their entire thickness

at five hundred feet. They are succeeded by limestones of a reddish-white

color and very compact, interstratified with calcareo-argillaceous shales

and reildish-white sandstones,— the whole attainin'^ a thirkness of eighty

feet, with an addition of fifty feet of reddish, indu.ated marl. Succeeding

these calcareous strata, after an interval, the amount of which is uncertain,

red anil white sandstones occur, with conglomerate layers, which become
interstiatified with trap layers, and an enormous amount of a volcanic over-

flow crowns the formation.

The extremity of Thunder cape is occupied by the older slate* and the

associated igneous rocks ; but Mr. Logan observed, about six miles to the

eastward, a transverse dislocation, which lets down the sandstone at least

1300 feet, bringing it suddenly to occupy the coast in the strike of the

slates. On the north side of the bay, the conglomerate is seen to rest in a

nearly liorizontal position upon the highly tilted chloritic slates, and in one

spot, it evenly covers over, without any disturbance, a step in the slates

produced by an ancient transverse fault. The sandstones rise in vertical

cliffs to the height of two hundred feet, and occupy the coast for the dis-

tance of seven miles. The limestones and marls start from a point about a

mile and a half east of the down-throw, and run parallel with the sand-

stones, dipping south-east at an angle of about 3^. At Granite islet, a con-

glomerate, composed of granitic ruins, is seen occupying the inequalities

and worn fissures of the supporting rock, and displaying a southern dip of

about .'
".

The n.ore volcanic portion, consisting of grits and conglomerates, inter-

stratified with trap layers, commences at Pomt Porphyry ; and, forming a

belt from seven to ten miles wide, stretches in a N.N.E. direcction, em-
bracing not only a portion of the main-land, but St. Ignace and Simpson's

islands.*

We examined this volcanic formation, as displayed along the western

Ignace, and found its geo-

k
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shore of Neepigon bay and on the island of Ol.

Canada Report. 1846-7.
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logical structure identical with that of Isle Royah^ and Keweenaw Point.

The pebbles consist almost entirely of trappean rocks, and the interstratified

igneous beds are aften highly amygdaloidal and contain traces of native

copper, which is one of the characteristics of this formation.

On the eastern side of the lake, (again quoting the authority of Mr. Lo-
gan,) insular patches of sandstone, and also of ivolcanic products, reappear.

About two miles north of Cape Choyye, a coarse-grained bed abuts against

a precipitous cliff of the older formations, and dips to the south of west at

an angle of 10°. At Gargantua, and on some of the adjacent islands,

amygdaloidal trap is observed, in beds dipping 40° to the south of west.

Caribou, Loach, Lizard and Montreal islands, consist of sandstone, the

beds of which are l)ut slightly inclined. The amygdaloidal trap and sand-

stone occupy the lower side of the cove above Poiiite aux Mines, and the

promontory of Mamainse is composed of amygdaloidal trap and coarse con-

glomerates, made np of the ruins of the subjacent granite, syenite and slate

—

the whole dipping to the south of west, at an angle of 20° or 25°.

Sandstones compose the promontory between L'Anse aux Crepes and
Batcheewauaung bay, and the coast around Goulais bay, with the exception

of a limited space occupied by the amygdaloidal trap, and thence extend in

a narrow strip for seven miles, as we advance towards Gros Cap, dipping

gently to the north-west.

Isle Royale was formed during this epoch, and owes its origin to sub-

marine, volcanic agency. The main mass is traversed by immerous ridges

of bedded trap, of unequal hardness, while the coast is intersected by deep

pavSsages, or fiords, like those of Iceland and Norway.* They undoubtedly

originated during the drift epoch, for we know that the waves of the sea, as

manifested along the coast at this day, are incapable of such excavating

power. Qver the whole surface of the island, we meet with numerous
evidences of powerful deimdation. The rocks have been ground down,
polished, and striated, and nearly all of the superficial materials removed.

I :l

* Mr. Dana hiis called attention to tlio important fact of tlio frequent existence of these
fiords ill tlK) higher latitudes, and their almost total ahsence from coasts in the lower tempe-
rate and torrid zones. " Along the west coast of America, they abound, to tho north above
48°

i and to tho south, in Lov/er Patagonia and Tierra del Fuego, south of 48", there are

similar passages intersecting the land, and often cuttnig it inlo islands; hut between these

limits the coast has few hays, and fewer still of these channel-like indentations. On the

eastern coast of the continent, we observe the same general liict. To the north of the

equator, the coast is singularly even in its outline, until we reach Maine, north of latitude

43°, where, as may bo seen on a good maj), tlu; fiords become very numerous, and deep and
complex in their long windings and ramifications. Tiie same remarks will apply to the

eastern continent. The fiords of Norway are well known, and this coast is a singular con-

trast to that of France, Spain and Africa."—(Geology of the Exploring Expedition, p. 07/5.]

They appear to be intimately connected with the drili phenomena, being the most abundant
where the drifl action is most e(iiisi)icuously displayed, and ceasing altogether befbre arriving

at the extreme limits of the boulders. The rocks bordering th(>se fiords are ground down,
polished, and scratched, and, in many cases, covered with rudely stratified beds of siuid,

pebbles, &c., which must have been accumulated when the land was submerged. Tho
Herds arc probably due to causes which have ceased to operate, since tlie present action of

the sea is to fill up the sheltered b.iys, and wear away the j)rojcctiiig capes.

Their existence, too, results, in a great measure, fiom tlic geological structure of the

region where they occur, as we have shown in Part I. of our re])ort. Where the rocks are

of uniform hardness, we meet with gently-curving shores anil wide-mouthed hays : but,

where there are alternating bands of unequal hardness, we inept with numcroiis projoeiing

hoad-lands and deeply-indented coves. Rocks of this character prevail, north and south,

hetween the equator and latitude 48° ; but the causes by which their denudation was cflTeotcd,

do not appear to have operated within these limits. Wo must, therefore, look to other

BOtirces than the action of tho sea as manifested at this day.
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Tn some instances, isolated blocks remain as obelisks to remind us of the

extent of the desolation.

The sketches, marked Plate II., III., represent the "Monument Rocks,'*

which occur on a bold headland known as Blake's Point, near the eastern

extremity of the island. The ridge here is, perhaps, two himdred and fifty

feet above the lake, and the rocks shoot up nearly seventy feet. Their sym-
metrical and tower-like forms, aided by the different systems of joints,

which intersect the trappean mass at nearly right angles, cutting it into

rectangular blocks, render it one of the most interesting objects on the lake

coast. The summit of these rocks, as seen from below, seems entirely

inaccessible, and yet we believe that it has once been attained by a daring,

and, ve might almost add, fool-hardy, climber.

From the ridge a short distance to the north, which overlooks Duncan's
bay, and is about three hundred feet above Liike Superior, the eye sweeps
over the whole region. Rock Harbor, sheltered by a narrow chain of

islands, is seen below, beyond which the lake spreads out in a broad sheet,

without an object to obstruct the gaze. To the north and west. Thunder
cape, McKay's mountain, and Pie island, stand out in bold relief, and the

outline of the Canada shore can be traced fo» more than a hundred miles,

while to the south, in clear weather, the forms of the hills on Keweenaw
Point are indistinctly seen.

Along the southern border of the island, we meet with narrow bands of

conglomerate interposed between the igneous masses, succeeded by layers

of red sandstone, somewhat fissile, the whole dipping to the S.S.E. at an
angle, in some cases, of 30°.

1^1

'!
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SANDSTONE 01-" THE SOUTHERN SHORE.
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Hetween Keweenaw Point and Isle Royale, there is, as we have before

remarked, an immense curvature of the strata, probably reaching five hun-

dred feet below the ocean level. A narrow belt of conglomerate and sand-

stone lines nearly the whole southern coast, from the head of Keweenaw
Point to the Montreal river, beyond which, the latter, no longer associated

with coarser bands, rapidly expands in width, and continues to Fond du
Lac. For the most part, it appears in low ledges, or reefs, along the lake

shore, but, at a few points, it rises in vertical cliffs, which afford many scenes

of great beauty. The sketch (Plate IV), entitled "The Castles,^' repre-

sents the sandstone as it appears a few miles above the portage—a locality

which we have particularly described in a former report.

The bedded trap and conglomerate are admirably exhibited on Keweenaw
Point, and in many places in the Ontonagon district ; but as we have mi-
nutely described the geographical distribution of all the trappean rocks of

this era with the associated conglomerate and sandstone, in a former report,

a further description is deemed unnecessary.

Where the Bohemian range breaks through the sandstone, the strata on
the north side of the axis are observed to dip at an angle of 45°, while on
the south the dip is 70°. A few miles removed, southerly, they settle down
nearly horizontally, or present a series of long and gentle flexures. From
a highly broken region— the hills rising abruptly to an altitude of nine

hundred feet— the country at once sinks down into comparatively level

! -it
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plains. The sketch of Mt. Houghton from the Bohemian range may serve

to illustrate the topography of this portion of the region. (Plate V.)
Between the trap range, and the granite and slate region, there is a valley

eighty miles in length and twenty in hreadth, mainly occupied by sandstone

;

but a few isolated patches of the lower limestones remain as monuments to

determine the age of their deposition and remind the geologist of the extent

of the subsequent denudation. These were fully described in our former

report, as well as the organic remains entombed in them. Extensive de-

posits of clay prevail throughout this valley, so that the subjacent rock is

rarely exposed. One of the best exposures, however, of the junction of

the trap and sandstone, along the southern slope of the axis, occurs in the

gorge of Trap-rock river. The trap here rises in a mural cliff, eighty feet

in height, intersected by diflerent planes of cleavage, which give to it a

stratiform appearance. Over this, tlie stream is precipitated by a succession

of leaps into a rocky basin below, and thence flows through a gorge lined

on either side by walls of sandstone. (Plate VI.) At the point of junc-

tion the trap assumes an amygdaloidal appearance and a brick-red color,

and some portions possess i- slaty cleavage. Higher up, however, it becomes

more compact, resembling greenstone. The sandstone differs from that

which occurs on the northern slope, being granular and almost wholly com-

posed of silicious particles, intermingled with pebbles of pure-white quartz

and patches of dove-colored slate or clay.

Over most of this district, the sandstone rests in a nearly horizontal posi-

tion ; but we have shown that it has been subject to disturbances over

limited' areas. Along the shores of Keweenaw Bay, it rises in cliffs of cort-

siderable height, and the strata present a succession of gentle undulations.

A« we approach L'Anse, the dip to the north-west becomes apparent. Near
the head of the bay, the sandstone is seen reposing uneonformably on the

slates of the azoic system, leaving no doubt that both groups belong to dis-

tinct geological epochs, and were produced under conditions widely diflerent.

(Vide plate XXI., figure 1.) Its external characters and its relations to

the slates have been described in the chapter relating to the azoic system.

The projecting spit forming Point Abbaye, on the eastern side of Kewee-
naw Bay, is of this rock, and cliffs from twenty fo thirty feet in Jieight

skirt the shore, while low reefs are seen near the water's edge.

The sandstone, in numerous places, exhibits a stratification like that re-

presented in the annexed figure. (Fig. 11.)

Fie. n.

Example of Diagonal Stratifiattion.

This stratification, having first been observed in the bed of the Rhone,
was called stratification torrcntielle; but is now known as diagonal, or cross

.stratification. It is found to pervade the detritui rocks, from the recent

alluvial deposits to the sandstones of the Silurian system. From the nume-
rous examples of diagonal and horizontal stratification afforded by the
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Potsdam sandstone, it would appear that its deposition resulted both from
mechanical suspension, and the pushing of the materials along the sea-bottom

by tidal or oceanic currents. Thus, in the above section, taken at Point

Abbaye, the beds 1, 3 and o, appear to have been deposited from materials

mechanically suspended ; while the materials composing the beds 2 and 4,

were drifted by oceanic or tidal currents. Again, it would appear that the

current, which drifted the materials of bed 2, set in a different direction from

that which formed the bed 4.

To account for these phenomena it is not necessary to suppose that there

were sudden oscillations of the land ; they are such as might result from
the shifting of tidal currents, or even of the surface w^inds. The import-

ance of these facts, as indicating a shoal bottom, will be commented upon,

\mder another head.

In some instances where the observer saw only a diagonally stratified

bed, he might mistake for local disturbance, what, in fact was the result of

tranquil deposition.

East of Huron bay, the sandstone forms a narrow belt, rarely exceeding

three miles in width, along the lake shore, and abuts against the slates ana
granites on the south.

Numerous small veins, or rather joints, containing green carbonate and
^rey sulphuret of copper have been obse-ved in ranges 29 and 30, by the

ake shore, some of which, in the early days of copper mining, were ex-

plored, but proved of no economical value. They bear N.N.E., comciding

with one of the systems of joints which here prevail.

Occasionally, as for* example, near the head of Huron bay, a knob of

hornblende is seen rising above the surrounding country, with the sandstone

abutting against its base, in nearly horizontal strata.

At Garlic river, and probably at the Huron river, the continuity of the

sandstone is interrupted— the older rocks forming for some distance the

coast line.

Granite Point affords one of the most interesting and instructive sections

to be found along the whole coast of Lake Superior. A dome-shaped

Fig. 12.

f,

Secticn at Granitj Point :—- Distance, three miles.

1. Granite. 3. Greenstone dyk'cs, terminating in the granite.

2. Sandstone with occasional bands of -1. Fissures extending from the granite through

conglomerate. tlic sandstone. I

nucleus of granite (quartz and feldspar) (1) rises to the height of seventy

or eighty feet, exhibiting, where the overlying sandstone (2) has been de-

nuded, a polished and rounded outline, like a reef by the sea-side, over

which the surf has rolled for centuries. Upon this ancient surface, the

sandstone has been deposited in nearly horizontal layers, although many of

the beds exhibit in a very striking manner, a diagonal stratification. Dykes

of greenstone (3) traverse the nucleus, but in no case penetrate the over-

lying rock. Fissures (4) however, are observed to extend uninterruptedly

from the granite into the sandstone, and the latter rock is deprived of its

I _j±
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coloring matter for the distance of three or four inches, on either side, so

that, at first glance, the sandstone appears to be traversed by regular and

well-defined veins of calc-spar, as represented in the following diagram.

(Fig. 13.)* This appearance is undoubter'ly due to the agency of subter-

Fig. 13.

Fissures in the Sandstone at Granite Point.

ranean gases which, escaping through the fissures, discharged the coloring

matter, by reducing the peroxide of iron to the protoxide.

The sandstone here is dark-red and divided into numerous layers, through
which are distributed numerous white, circular blotches,—a peculiarity

which has been noticed, at intervals, from the head of Keweenaw Point to

Saut Ste. Marie. They vary from half an inch to an inch in diameter, and
often enclose a dark speck in the centre. They are found to be spheres,

instead of superficial films, and differ in no respect in structure from the en-

closing mass, except that the coloring matter, which consists of peroxide of

iron, is driven off'. The dark spot in the centre may be the remains of

some organic substance, which, in the process of decomposition, has dis-

charged the coloring matter in the immediate vicinity.

Mr. Miller has described similar blotches as occurring in the old red-sand-

stone of Scotland. " In a print-work, the whole web is frequently thrown
into a vat and dyed one color ; but there afterwards comes a discharging

process. Some chemical mixture is dropped on the fabric ; the dye disap-

pears wherever the mixture touches ; and in leaves and sprigs and patches,

according to the printer's pattern, the cloth assumes its original white.

Now, the colored deposits of the old red sandstone have, in like manner,

been subjected to a discharging process. The dye has disappeared in oblong

or circular patches of various sizes from the eighth of an inch to a foot in

• The tufas of St. Calogcro, situated in the Urgost of tlio Liiiari islands, according to
Hoflinann. extend Ibr foHt uiiies along tlie coast, forming cliffs more than two liundred feet

high. Ihe strata have, in many places, been discolored and strangely altered by the pene-
trating vapors. Dark clays have become yellow, or often snow-white ; or have assumed s\

chequered or brecclated appearance, being crossed by ferruginous rod stripes.
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(liiimetcr, tlie original white has taken its place, ami so thick are some of

these speckles grouped in some of the darker tinted beds, that the surfaces,

where washed by the sea, present the appearance of sheets of calico. The
discharging agent was organic matter ; the uncolored patches are no mere

surface films, Tor, when cut at right angles, their depth is found to corre-

spond with their breadth ; the circle is a sphere, the ellipsis forms the sec-

tion of an egg-shaped body, and in the centre of each we generally find traces

of the organism, in whose decay it originated. I have repeatedly found

single scales in the ichthyolite beds, surrounded by uncolored spheres about

the" size of musket-bullets."*

Thin bands of conglomerate, charged with pebbles of white and yellow

quartz, occur at frequent intervals, and occasionally angular fragments of

granite, derived from the immediate neighborhood, are observed. On the

main shore, the granite rises in an abrupt hill, two or three hundred feet in

lieight, and stretches away inland, while the sandstone is folded around its

base in nearly horizontal strata ; so that there is no doubt that the latter

formation was deposited in an erosion of the former. Under such circum-

stances, we might expect that there would be waves and shifting currents

and eddies, which, acting upon the incoherent mass of sand, would cause

the subordinate layers to be deposited unconformably with the main ones.

From all of the facts, we infer that the following was the order in the

succession of events :

1. That the granite was raised, and its ancient surface water-worn, before

the deposition of the sandstone.

2. That the dykes of greenstone were protruded before the deposition of

the sandstone.

3. That the sandstone was deposited over an unequal surface, amid shift-

ing currents and eddies, giving rise to cross-stratification.

4. That one system of fissures communicating with the interior, was
formed more recently than the sandstone, and that, through them, the gases
escaped, bleaching th'e overlying rocks.

Fig. 14.

^?==^-N.

Section at PresquHsle,

1. Granite, composed of feldspar and quartz.

2. Dark-green, niagnesian rock (trappean).

3. Volcanic ash.

4. Sandstone.

Presqu'islc affords a section equally instructive. (Fig. 14.) A short dis-

tance from the shore, two granite islets (1) are observed rising a few feet

above the surface of the lake. A bold promontory (2) juts into the water,
consisting of a dark-colored ferruginous and magnesian rock, evidently
trappean in its origin, although it contains nearly ten per cent, of water.
(For an analysis of this rock, see chapter on the ' hemical composition of
the igneous rocks). It rises in overhanging clifFs, which occasionally as-

The outline of this mass is very irregular, and

igneous rocks)

sume a columnar structure.

• Old Red Sandstone, r. 234, American Edition.
Edinburgh Journal, 1831.

Also, Professor Flemming in Cheek's
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resembles an immense consolidated lava-stream, except that the vesicular

structure is wanting. To the north, the surface of the igneous rock is bare

;

but, on the eastern side, it is covered in places with a rudely stratified mass,

which appears to have been deposited in the inequalities of the preexisting

surface. It resembles a volcanic sand, or ash, portions of it being com-

posed of a scoriaceous mass of a light-brown color, and reticulated with

numerous veins of a white mineral, portions of which are calcareous, and

others silicious. In some instances, these reticulations penetrate to a limited

extent the underlying rock; but, for the most part are restricted to the ash.

This attains, in places, a thickness of seventy or eighty feet, but is very

unequally distributed.

On the west side of Presqu'isle, at the point of contact between the

igneous and sedimentary (pluto-neptunian) rocka, their character is com-
pletely changed, and they have become impregnated with metallic emana-
tions from below. The sulphurets of lead, copper, and iron, occur here in

small quantities in a pseudo-vein, while the containing rock exhibits a strong

tendency towards a concretionary structure.

Above the last described deposit, we meet with the sandstone in nearly

horizontal layers. From its base upward, for six feet, it contains rounded

fragments of quartz and granite, with angular fragments of agate and

jaspe.". The prevailing tint of the rock is dark-red ; ad, intermingled

with the silicious particles, are to be seen minute spangles of specular oxide

of iro». Higher up, the layers exhibit a yellow tint. Traces of green

carbonate of copper are abundant ; in fact, they pervade this rock from the

Huron mountains to the Grand Sable.

At Middle island, the sandstone is seen reposing on the granite with an

mclination of 7° to the S.E. Below Little PrCsqu'isIe, it is occasionally

detected forming reefs by the lake shore, abutting against the older rocks.

A patch, less than a half mile in width, extends from the shore up the valley

of Carp river for two miles, enclosed between high walls of quartzosc

rocks. It was observed by Mr. Hill in the bed of the stream and in the ad-

joining banks to the height of seventy feet.

Insulated patches are never met with at a greater elevation than three

hundred and fifty feet above the lake, and hence we infer that the more
elevated portions of the granites and slates rose above the surface of the

ocean in which the sandstone was deposited. If this was not the case, wc
should expect to find traces of it in the sheltered valleys ; for we cannot

conceive of an abrasion so thorough and elFectual as to sweep away the

overlying strata, without leaving behind even a block or pebble. The
barometrical observations extended over this region by the two corps, when
collated, will enable us to determine the contours of this ancient island

which rose above the surface, when a wide waste of waters covered nearly

all of the habitable portions of the United States.

A short distance below Carp river, the sandstone is again exposed by the

lake shore, in contact with quartz. The latter rock evhibits ripple-marked

surfaces and distinct lines of bedding which bear east and west and dip south
at an angle of 86'.

The surface of the quartz, where the sandstone is removed, is rounded and
polished like that ot the granite before described, and it is only where the

lake surge has undermined the cliff that the true character of the mass is

revealed. While the more ancient beds are thus displayed in a nearly vertical

1
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position, the more recent are «ecii fleposiletl around them nearly horizontally.

Their relations to each other are exhibited in the accompanying diagram.

Fig. 16.

Section near Carp river,

a. a. Sandstone horizontally gtratiflcd. h, h. Beds of quartz nearly vertical.

In one place, the sandstone has been deposited in a wide fissure in the

quartz, resembling the matrix of a vein. Upon the surfaces o\ the quartz

are seen wave-lines, as though inad<! by water at the period of its deposi-

tion. This vicinity affor<ls (;on('hi.sivc evidence that the sandstone has been

subjected to repeated oscillatory movements since its consolidation; for,

where it comes in contact with tlie pri'-existing rocks, the ends of the strata

are ground o(F and polished, \\\n' the walls of a vein. Dislocations in the

strata ten feet in a vertical direction were observed, and also, instances

where they were bent up and broken off; but at what period these took

place, we have no means of determining. Beyond Chocolate river, the

coast is lined for some distance witli sand rlunes ; but the sandstone is occa-

sionally seen at the water's edge, in low ledges, or reefs, and is undoubtedly

the underlyini.; rock as far as Saut Ste. Marie, occupying a zone from six

to twenty miles in width. Another portion of it starts from Chocolate

river, and, sweeping round the granitic and metamorphic rocks, but con-

forming to tlieir outlines, cross»!S the Escaniiba and Menomonee rivers, and
is thence prolonged into Wisconsin. Here, its trend for some distance is

parallel with the western coast of lake Michigan, when, curving rapidly, it

bears north and connects with the Lake Superior sandstone near the head
of the lake.

We resume our description of the character of the sandstone, as dis-

played along the south-eastern shore of Lake Superior. From the head of

Grand island, and thence easterly for ten miles, it rises from the immediate

coast in bold, mural clilTs, extending not in a direct line, but en echelon—
certain portions of the wall being in advance of the others. The forest

trees, which consist of birch, maple, cedar, and spruce, cover the summits

to the very verge, and, occasionally, a streara of water is seen to issue from
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the leafy canopy, and precipitate itsell", with an unbroken leap, into the

lake.

The lower portion of the clitrs (lonsistis of .i hiick-rcd, iron sand, while

the upper is grey, or yellow, and contains sutfieient carhonate of lime to

cause a feeble effervescence with acids. The whole mass is distinctly stra-

tified, and dips slij^htly to the south-south-east. This is not so ap])arent on

the main shore, where the trend of the lake and the strike of the strata are

nearly conformable ; but, in apprcuiching Grand island from the north-east,

where the strata are for miles exposecf, not only longitudinally, but trans-

versely, this south-south-east dip is clearly displayed.

Grand island affords on(; of the most beautiful and sheltered harbors in

the world. In approaching it from the east, the voyageur passes along the

base of the cliffs before deseribt'd, which form an immense sea-wall, and
oppose the further encroachments of the water. (Plate VII.) Having

f)assed a projecting hook, he finds himself within a harbor completely land-

ocked, with secure anchorage, and a depth of water sufficient to enable him
to moor his craft within a few lengths of the shore.

These rocks, at many points, are tinted white, red, yellow, and green, by
oxide of iron, carbonate of copper, and saline incrustations, .aid the tints

extend upward, from the water's edge, in broad stripes, not dull and
blended, but brilliant and well-defined. When the whole face of a cliff is

lighted up by a clear sunlight, the effect is magical. The water flowing

from above, down the transverse fissures, has furrowed the escarpments of

the cliff into deep channels, while the heavy surf of the lake has excavated

numerous caverns in its base. Thus, by the combined action of the

elements, these rocks have been wrought into forms resembling towers,

battlements, domes, and gateways.

PICTURED ROCKS.

The range of cliffs, to which the name of the Pictured Rocks has been

given, may be regarded as among the most striking and beautiful features

of the scenery of the north-west, and are well worthy of the attention of

the artist, of the lover of the grand and beautiful, and of the observer of

geological phenomena.
Although occasionally visited by travellers, a full and accurate descrip-

tion of this extraordinary locahty has not as yet been communicated to the

public*

This deficiency we shall attempt to supply, partly by written descrip-

tions, and partly by a series of illustrations, which, however deficient in

artistic effect, have, we believe, the merit of being careful copies from

• Schoolcraft has undertaken to describe this range of clifl's, and illustrate the scenery.

The sketches do not appear to have been made on the spot, or finished by one who nas
acquainted Avith the scenery, as they bear no resemblance, so liir as we observed, to any
of the prominent features of the Pictured Kocks. On the title-page of his narrative, he has
figured the " Doric Rock," but it is impossil)l() ibr us to inalic out what particular point it

was intended to represent.

It is a matter of surprise that, so far as wo know, none of our artists have visited this

region, and given to the world representatiorm of scenery so striking, and so different from
any which can be found elsewhere. Wo can hardly conceive of anything more worthy ot

the artist's pencil; and, if the tide of pleasure-travel should once be turned in this direc-

tion, it seems not unreasonable to snpnose tliut a fashionable hotel may yei be built under
the shade of the piuo groves, near the Chapel, and a trip thither become as common as one
to Niagara now is.

h
a
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nature. Though necessarily on a small scale, they convey a correct

general idea of the most striking and characteristic features of the scenery.

The Pictured Rocks may be described, in general terms, as a series of

sandstone bluffs ex.- ,.^ing along the shore of Lake Superior for about five

miles, and rising, in most places, vertically from the water; without any
beach at the base, to a height varying from fifty to nearly two hundred
feet. Were they simply a line of cliffs, they might not, so far as relates to

height or extent, be worthy of a rank among great natural curiosities,

although such an assemblage of rocky strata, washed by the waves of the

great lake, would not, under any circumstances, be destitute of grandeur.

To the voyager, coasting along their base in his frail canoe, they would, at

all times, be an object of dread ; the recoil of the surf, the rock-bound
coast, affording, for miles, no place of refuge,—the lowering sky, the rising

wind ; all these would excite his apprehension, and induce him to ply a

vigorous oar until the dreaded wall was passed. But, in the Pictured

Rocks, there are two features which communicate to the scenery a wonder-
ful and almost unique character. These are, first, the curious manner in

which the cliffs have been excavated, and worn away by the action of the

lake, which, for centuries, has dashed an ocean-like surf against their base

;

and, second, the equally curious manner in which large portions of the sur-

face have been colored by bands of brilliant hues.

It is from the latter circumstance that the name, by which these cliffs are

known to the American traveller, is derived ; while that applied to them
by the French voyageurs (" Les Portails"*) is derived from the former, and
by far the most striking peculiarity.

The term Pictured Rocks, has been in use for a great length of time

;

but when it was first applied, we have been unable tc discover. It would
seem that the first travellers were more impressed with the novel and
striking distribution of colors on the surface, than with the astonishing

variety of form into which the cliffs themselves have been worn.

The Indian name applied to these cliffs, according to our voyageurs, is

Schkuee-archibi-kung, or " The end of the rocks," which seems to refer to

the fact that, in descending the lake, after having passed them, no more
rocks are seen along the shore. Our voyageurd had many legends to relate

of the pranks of the Menni-bojou in tnese caverns, and, in answer to our

inquiries, seemed disposed to fabricate stories, without end, of the achieve-

ments of this Indian deity.

We will describe the most interesting points in the series, proceeding from

west to east. On leaving Grand island harbor,! high cliffs are seen to the

It
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* Le Portail is a French term, signifying tlic i)iincii)al entrance of a clunch, or a portal,

and this name was given to the Pictured Rocks by tlie voyageurs, evidently in allusion to

the arched entrances which constitute tho most characteristic feature. Lc Grand Portail ioi

the great archway, or grand portal.

t The traveller, desirous of visiting this scene, should fake advantage of one of the pro-

pellers which navigate the lake, and land at Grand island, from which he can proceed to

make tie tour of the interesting points, in a small hoat. The large vessels on tlic lake do
not appi lach sufficiently near the cliff's to allow the traveller to gather more than a general

idea of tleir position and outlines. To bo able to api)reciate and understand their extraor-

dinary chK"acter, it is indispensable to coast along in close proximity to the cliffs, and pass

beneath the Grand Portal, which is only accessible from the lake, and to land .and enter

within the precincts of the Chapel. At (iraiid island, boats, men, and provisions may be
procured. The traveller should lay in a poo I su[)ply, if it is intended to be absent long

enough to make a thorough examination of the whole- series. In fact, an old voyager will

i himself to the mcrvy of the winds and waves of the lake without them, as ho
i readily i
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east, which form the commencement of the series of rocky promontories,

represented in Plate VII., before referred to, which rise vertically from the

water to the height of from one hundred to one hundred and twenty-five

feet, covered with a dense canopy of foliage. Occasionally, a small cas-

cade may be seen falling from the verge to the base in an unbroken curve,

or gliding down the inclined face of the cliff in a sheet of white foam. The
rocks at this point begin to assume fantastic shapes ; but it is not, until

having reached Miners' river, that their striking peculiarities are observed.

Here, the coast makes an abrupt turn to the eastward, and just at the point

where the rocks break off and the friendly sand-beach begins, is seen one

of the grandest works of nature in her rock-built architecture. This is re-

presented in Plate VIII., and, as we could not learn that it had received a
distinctive appellation, we gave to it the name of " Miners' Castle," from

its singular resemblance to the turreted entrance and arched portal of some
old castle— for instance, that of Dumbarton. An inspection of the plate

will exhibit the principal features more correctly than an elaborate written

description. The height of the advancing mass, in which the form of the

Gothic gateway may be recognized, is about seventy feet, while that of the

main wall forming the background is about one hundred and forty. The
appearance of the openings at the base changes rapidly with each change

in the position of the spectator. On taking a- position a little farther to the

right of that occupied by the sketcher, the central opening appears more
distinctly flanked on either side by two l?teral passages, making the resem-

blance to an artificial work still more striking.

A little farther east. Miners' river enters the lake, close under the brow
of the cliff, which here sinks down and gives place to a sand-bank nearly a

third of a mile in extent. The river is so narrow, that it requires no small

skill on the part of the voyager to enter its mouth when a heavy ,iea is

rolling in from the north. On the right bank, a sandy drift plain, covered

with Norway and Banksian pine, spreads out, affording good camping-
ground— the only place of refuge to the voyager until he reaches Chapel
river, five miles distant, if we except a small sand beach about midway be-

tween the two points, where, in case of necessity, a boat may be beached.

Beyond the sand beach at Miners' river, the cliffs attain an altitude of

one hundred and seventy-three feet, and maintain a nearly uniform height

for a considerable distance. Here, one of those cascades of which we have

before spoken, is seen foaming down the rock. The cliffs do not form
straight lines, but rather arcs of circles, the space between the projecting

points having been worn out in symmetrical curves, some of which rire of

large dimensions. To one of the grandest and most regularly formed, we
gave the name of " The Amphitheatre ;" this is represented in Plate IX.
Looking to the west, another projecting point— its base worn into cave-

like forms— and a portion of the concave surface of the intervening space

are seen.

It is in this portion of the series, that the phenomena of colors are most
beautifully and conspicuously displayed. These cannot be illustrated by a

mere crayon sketch, but would require, to reproduce the natural effect, an
elaborate drawing on a large scale, in which the various combinations of

may not unfrequently, however auspicious the weather when starting, find himself weather-
t)Ound for days together. It is possible, ^lOweye^, in one day, to start from Grand island,

see the most interesting points, and return. The distance from Williams's to the Chapel

—

th« flulhest po^lt of interest— is nbout fifteen miles.
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color should be carefully represented. These colors, do not, by any means,
cover the whole surface of the cliff even where they are most conspicuously

displayed, but are confined to certain portions of the cliffs in the vicinity

of tlie Amphitheatre ;— the great mass of the surface presenting the natu-

ral, light-yellow, or raw-sienna, color of the rock. The colors are also

limited in their vertical range, raicly extending more than thirty or forty

feet above the water, or a quarter, or a third, of the vertical height of the

cliff. The prevailing tints consist of deep-brown, yellow and grey— burnt-

sienna and French-grey predominating. There are also, bright blues and
greens, though less frequent. All of the tints are fresh, brilliant and dis-

tinct, and harmonize admirably with one another, which, taken in connec-

tion with the grandeur of the arched and caverned surfaces on which they

are laid, and the deep and pure green of the water which heaves and swells

at the base, and the rich foliage which waves above, produce an effect truly

wonderful.

They are not scattered indiscriminately over the surface of the rock, but

are arranged in vertical and parallel bands, extending to the water's edge.

The mode of their production is undoubtedly as follows : Between the bands,

or strata, of thick-bedded sandstone, there are thin seams of shaly materials

which are more or less charged with the metallic oxides, iron largely pre-

dominating, with here and there a trace of copper. As the surface-water

Sermeates through the porous strata, it comes in contact with these shaly

ands, and, oozing out from the exposed edges, trickles down the face of

the cliffs and leaves behind a sediment, colored according to the oxide which
is contained in the band in which it originated. It cannot, however, be

denied that there are some peculiarities which it is difficult to explain by
any hypothesis.

On first examining the Pictured Rocks, we were forcibly struck with the

brilliancy and beauty of the colors, and wondered why some of our predeces-

sors, in their descriptions, had hardly adverted to what we regarded as

their most characteristic feature. At a subsequent visit, we were sur-

prised to find that the effect of the colors was much less striking than be-

fore ; they seemed faded out, leaving only traces of theinformer brilliancy,

so that the traveller might regard this as an unimportant feature in the

scenery. It is difficult to account for this change, but it nay be due to

the dryness or humidity of the season. If the colors are produced by the

percolation of the water through the strata, taking up and depositing the

colored sediments, as before suggested, it is evident that a long period of

drought would cut off the supply of moisture, and the colors, being no
longer renewed, would fade and finally disappear. This explanation seems
reasonable, for at the time of our second visit, the beds of the streams on

the summit of the table-land were dry.

It is a curious fact, that the colors are so firmly attached to the surface

that they are very little affected by rains, or the daslyng of the surf, since

they were, in numerous instances, observed extending in all their freshness,

to the very water's edge.

Pr(»ceeding to the eastward of the Amphitheatre, we find the cliffs

scooped out into caverns, and grotesque openings, of the most striking and
beautiful variety of fcms. In some places, huge blocks of sandstone have

become dislodged, and accumulated at the base of the cliff, where they are

ground up, and the fragments borne away, by the ceaseless action of the

surge.
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A strikirifj group of dotarhod Mocks is vcprrsonfod in Plate X. To this,

the nam(! of "Sail Rock" has been given iVoin ils striking resemblance to

the jib and mainsail of a sloop when spread— so much so, that, when viewed

from a distance, with a full glare of light upon it, while the clilT in the rear

is left in tlu; shade, <he illusion is perfect. This is represented in Plate XI,
but, unfortunately, the lithographer has thrown u shade over b'^lh cliff and
sail. The height of the bloclc is about forty feet.

Masses of rock uro frequently dislodged from the clitF, if we ma^ judge

from the freshness of the fracture, and the appearance of -the trees mvolved
jn the descent. The rapidity with which this undermining process is carried

on, at many points, will be readily appreciated, when we consider that the

cliffs do not form a single, unbroken line of wall ; but, on the contrary,

they prcvsent numerous salient angles to the full force of the waves. A
projecting corner is undermined until the superincumbent weight becomes
too great, the overhanging mass cracks, and. aided perhaps by the power of

frost, gradually becomes loosened, and finally topples, with a crash, into

the lake.

The same general arched and broken line of cliffs borders the coast for a
mile to the eastward of Sail Rock, where the most imposing feature in the

series is reached. This is the Grand Portal— Lc Grand Portail of the

voyageurs. The annexed Plate, No. XTI., is a representation of this arch,

though it conveys but an imperfect idea of its vastness and grandeur. The
?;eneral disposition of the arched openings, which traverse this great quadri-

ateral mass, may, perhaps, be made intelligible without the aid of a ground-

plan. The main body of the structure consists of a vast mass of a recti-

linear shape, projecting out into the lake about six hundred feet, and
presenting a front of three hundred or four hundred feet, and rising to a

height of about two hundred feet. An entrance has been excavated from
one side to the other, opening out into largt; vaulted passages which com-
municate with the great dome, some three hundred feet from the front of

the cliff. The Grand Portal, which opens out on the lake, is of magnifi-

cent dimensions, "being about one hundred for' in height, and one hundred
and sixty-eight feet broad it the water level. The distance from the verge

of the cliff, over the arch, to the water, is one hundred and thirty-three

feet, leaving thirty-three feet for the thickness of the rock above the arch

itself. The extreme height of the clif* is about fifty feet more, making, in

all, one hundreil uid eiu;bty-tliree fed In addition to these main passages,

there are numerous other openings, smaller auJl intricately formed, some of

which are seen in the foregoiftg sketch, at the water's edge.

It is impossii>le, h) any arrangement of words, or by any combination of

colors, to convey an adequate idea of this wonderful scene. The vast

dimensions of the cavern, tlie vaulted passages, the varied effects of the

light as it streams through the great arch and falls on the different objects,

the deep emerald-green of the water, the unvarying swell of the lake,

keeping up a succession of musical echoes, the reverberations of one's own
voice coming back with startling effect,— all these must be seen, and
heard, and felt, to be fully appreciated.

Beyond the grand portal, the cliffs gradually diminish in height, and the

general trem' of the coast is more to the south-east ; hence, the rock being

less exposed to the force of the waves, bears fewer marks of their destruc-

tive action. The entrance to ChajM'l river is at the most easterly extremity

of a indy beach, which extends for a quarter of a mile, and affords a con-
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venient landing-place, while the dril't-terracc, elevated about thirty feet

above the lake-level, being an open pine plain, affords excellent camping-

ground, and is tiie most central and convenient spot for the traveller to

pitch his tent, while he examines the most interesting localities in the series

which occur in this vicwiity: to wit, the Grand Portal and the Chapel.

The Chapel

—

la Chapelle of the voyageurs—if not tlio grandest, is

among the most grotesque of nature's architecture here displayed. The
three views (Plates XIII., XIV., XV.,) convey a faithful idea of its

appearance as seen from the east and the west, as well as its interior.

Unlike the excavations before described, which occur at the water's edge,

this has been made in the rock at a height of thirty or forty feet above the

lake. The interior consists of a vaulted apartment, which has not inaptly

received the name it bears. An arched roof of sandstone, from ten to

twenty feet in thickness, rests on four gigantic columns of rock, so as to

leave a vaulted apartment of irregular shape, about forty feet in diameter,

and abou4 the same in height. The columns consist of finely stratified rock,

and have been worn into curious shapes. At the base of one of them, an
arched cavity, or niche, has« been cut, to which access is had by a flight of

steps, formed by the projecting strata. The disposition of the whole is

such as to resemble, very much, the pulpit of a church ; since there is,

overhead, an arched canopy, and in front, an opening out towards the

vaulted interior of the chapel, with a flat tabular mass in front, rising to a
convenient height for a desk, while on the right is an isolated block, which
not inaptly represents an altar ; so that, if the whole had been adapted

expressly for a place of worship, and fashioned by the hand of man, it

could hardly have been arranged more appropriately. It is hardly possible

to describe the singular and unique effect of this extraordinary structure
;

it is trolly a temple of nature—" an house not made with jiands."

On the west i,ie, and in close proximity, Chapel river enters the lake,

precipitating itself over a rocky ledge ten or fiftt'on feet in height.*

It IS surii.'ising to see how little the action of the stream has worn away
the rocks which form its bed. There appears io have been hardly any
recession of the cascade, and the rocky bed has been excavated only a foot

or two, since the stream assumed its present direction.

It seems, therefore, impossible that the river could have had any influ-

ence in excavating the Chapel itself, but its excavation must be referred to

a period when thj waters of the lake stood at a higher level.

Near the Grand Portal, the cliffs are rovcrcd, in places, with an efflo-

resence of sulphate of lime, in delicate crystallizations; this substance not

only encrusts the walls, but is found deposited on the moss which lines

them, forming singular and interesting specimens, which, however, cannot
be transported without losing their beauty.

At the same place, we found numerous traces of organic life, in the form
of obscure fucoidal markings which seem to be the impressions of plants,

similar to those described by Hall, as occurring in the Potsdam sandstone
of New York. These were first noticed at this place by Dr. Locke, in

1847.

• At this fall, according to immemorial usage among the voyageurs in ascending the lake,
the mangeUis (Ib iard, who make their tirst trip, receive baptism ; which consists in giving
them a severe ducking—a ceremony somewhat similar to that practised on greou-horns, whea
« crossing the line."

Ex.—
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The phenomena of cross stratification are beautifully shown in the

columns of the Chapel, and at numerous points along the whole line of the

Pictured Rocks. Figure 16 represents a section near Miners' river.

Fig. 16.

In some cases the individual lines are curved as represented in the fol'

lowing figure.

Fig. 17.

The following is an illustration of the same thing, in which the pebbles

and coarser materials are seen to be principally confined to the lower por-

tion of each stratum. These two last figures represent sections exhibited

near the chapel.

Fig. 18.

These examples show, as before remarked, that the materials composing
the rock were drifted aloner the sea-bottom by stroner currents, and deposited

in snittmg eddies. Numerous undulations were also observed which m?ght

in the first instance be mistaken for bent and contorted strata, but were the
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result of the distribution of color along certain curved lines without regard
to stratification, like those before described as occurring at Tobacco river.

The Grand Sable, represented in Plate XVI., possesses a scenic interest

little inferior to that of the Pictured Rocks. The explorer passes abruptly

from a coast of consolidated sand to one of loose materials ; and althouffn

in the one case the cliffs are less precipitous, yet in the other, they attam
a higlier altitude. He sees before him a long reach of coast, resembling a
vast sand-bank, more than three hundred and fifty feet in height, without
a trace of vegetation. Ascending to the top, rounded hillocks of blown
sand are observed with occasional clumps of trees, standing out like oases

in the desert. This has been described, by former travellers, as a gigantic

dune, but we have shown* that it is composed of stratified materials accu-

mulated during the drift epoch, and that the dune-like appearance is due
to the trickling down of the loose and highly comminuted sands.

At the base of these cliffs, the sandstone is occasionally seen by the
water margin in low ledges ; but after leaving them, it does not reappear

until we reach the mouth of Tequamenen river, seventy miles eastward.

Ascending into township 48, range 8, the river, according to Dr. Houghton,
is precipitated over two ledges of this rock, the one forty and the other

forty-five feel in height. Along the southern coast of Ibis bay, it is occa-

sionally seen in reefs, and at the base of the islets. From one of these,

Mr. Forrest Shepherd, several years ago, procured two or three specimens
of Lingula. '•

At Saut Ste. Marie, the river falls twenty-one feet, in the distance of a

mile, over this rock, which is exposed at the head of the rapids, on the

islands and in its bed. It is very fissile, of a brick-red color, and inter-

spersed with the spherical blotches before described. It here dips, as

observed in other parts of the region, at a gentle angle aivay from the

azoic series which occur on the opposite, or Canadian side of the river.- > :

The junction of the Potsdam and calciferous sandstone is supposed to

occur near the southern portion of Sugar island ; but the accumulations of

drhi have buried up the subjacent rocks.

Mr. Murray of the Canada survey has traced it along the northern shore

of Lake Huron, where it is seen, as in our district, in a nearly horizontal

position, filling up the hollows in the quartz rock ; but, in many places, he

remarks, the irregularities in this ancient bottom are so great, that different

members of the fossiliferous groups come in contact with it. Captain Bay-
field describes it as occupying low levels and forming nearly horizontal

strata at the bottom of Lake George, whilst the horizontal fossiliferous

limestone of St. Joseph's and Sugar island rise into higher ridges.t

The ancient land, as we before remarked, from which these arenaceous

beds were derived, lay to the north-west ; since there, they acquire their

greatest expansion, and thin out, as traced to the soutli-east. It is proba-

ble that along the St. Mary's river, the vertical range both of the Potsdam
and calciferous sandstone is less than a hundred feet. Mr. Murray estimates

the thickness of the former at forty feet ; but does not appear to have re-

cognized the latter, in any place.

The south-westerly prolongation of this sandstone, which, starting from

Chocolate river, sweeps around the granite, and flanks the southern slope

• Part I. p. 210.

t Load. Qr. Joum. Qeol. Soc, April, 1846.

•»
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he axis, is obscurely traceo, in consequence of the depth bf the superfi-

cial materials. Mr. Burt describes it as a coarse, quartzose rock, generally

red, but in some places mottled, and in others of a yellowish white. Mr.
Hall failed to detect it in the bed of the Escanaba river, which, after leavinc;

tiie granite, winds its way for some distance through drifted materials.

On section 33, township 40, range 30, Messrs. Whittlesey and Desor dis-

covered this sandstone, with the calciferous superimposed, in a nearly hori-

zontal position ; and, further to the south-east, it reappears in isolated

patches. The mineral characters of this deposit and its relation to the

older rocks, are fully described by Mr. Whittlesey, in the section included

in the chapter on the azoic system. Where it crosses the Menomonee, the

belt is about fourteen miles in width ; the strata dip very gently, corres-

ponding with the slope of the country, since the subjacent slates and igneous

rocks are exposed in the bed of the river for ten miles, after the sandstone

i<5 intersected.

In descending the river, it is first observed near the foot of Chippewa
island. The subjacent rocks in this vicinity consist of talcose slates, in

nearly vertical beds, intermingled with dark, compact, igneous rocks and
crystalline greenstone. Their contour is very irregular, as though they had
been abraded before the deposition of the arenaceous beds which occupy
the inequalities in the surface of the more ancient rocks, in horizontal lay-

ers. The greatest inclination observed in the superior rock was 3° to the

south- oast. The sandstone consists of alternating bands of red and white,

and is so friable, when first removed, that it may be crushed in the hand.

The grains are coarse and silicious, adhering together without any visible

cement. After having parted with the water disseminated through the

pores, it acquires a considerable degree of consistency, and is little acted

on by the weather.

The following section (Fig. 19) occurs on the left bank of the river, near
the foot of Chippewa island.

wi

(Fig. 19.)

3 ', ">> \^/^^^-^--'^''-^y<^^ -^-^^sg^as-

• .-icr--is~-;=t.—lit--

Section on the Menomonee river.

1. Drift, composed of coarso rubblo and sand, enveloping angular fragmenta of Trenton
limestone.

2. Alternating layers of white and red sandstone.
3. Talcose slates, of the azoic series.

4. Compact serpentine rocks.

near.

At the White Rapids, the sandstone is again exposed, presenting Very
arly the same external characters, except that it is less discolored, and

reposing on the uptilted edges of the quartz. It may be seen in some of

the rapids below, and reappears, for the last time, in the river banks,
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forming ledges six or eight feet high, about three miles above the Big Bend
in township 35, range 29.

" * In this vicinity, Mr. Desor discovered, in some of the loose masses

of this rock, other fossils than the Lingida, which are so characteristic of

this group further to the east. These fossils consist of the fragments of

one or more species of trilobites, resembling Jlsaphus. From the characters

preserved in a single caudal extremity, one species is identical with that

which occurs in the same rock on the Mississippi and St. Croix rivers.

From the Menomonee river, the Potsdam sandstone approaches within

fifteen or twenty miles of the shore of Green bay, being distinctly exposed

on all the streams flowing into it. Continuing in the same direction, its

easterly limit passes near the Great Bend in the Wolf river, northwest from
the outlet of Lake Winnebago. From thence, meandering westerly, it fol-

lows nearly the course of Wolf river, crossing it in the neighborhood of

Lake Pauwaiceen, and is thence prolonged southwesterly towards Green
and Puckaway lakes. In the neighborhood of Pleasant Valley, about twelve

miles west of Strong's Landing, on the Fox river, it is exposed in several

low escarpments, succeeded by the calciferous sandstone, which here pre-

sents its usual characters. From this region, its southern limit stretches to

the west and north-west. The country here presents a feature which con-

tinues to the Mississippi river. The hills appear to be outliers, capped by
the calciferous sandstone, or succeeding limestones, while the valleys and

the lower part of the escarpments are composed of the Potsdam.

The rock is fine-grained, of a light-yellow color and very friable. Some
of the superior beds, which are thin, have been wrought for grindstones.

The friable character of this sandstone is one of its most prominent fea-

tures, and, owing to this circumstance, the escarpments are not usually high,

or abrupt, unless it has been protected by the overlying rock. In its want
of cohesion, it differs, in a very marked degree, from the prevailing cha-

racter of this rock, as developed in New York and Canada, where it is

usually, though not always, compact. It is not, however, unhke the sand-

stone of the Pictured Rocks, and is less friable than that of the Mississippi

and St. Croix region.

The almost uninterrupted continuity with which this rock can be traced,

even from its eastern extension through Canada and along the northern

shore of Lake Huron to the St. Mary's river, and thence westerly, leaves

no doubt as to its true position and identity in age with the Potsdam sand-

stone of New York. If we were at a loss in thus tracing it continuously,

we have still the evidence of the succeeding fossiliferous strata, which show,
conclusively, the same relations to this sandstone as they do to its equiva-

lent in New York. With both these evidences combined, we cannot hesi-

tate for a moment in our conclusion regarding its age and place in the series.

From the points just noticed, where this sandstone appears in eastern

Wisconsin, it can be traced uninterruptedly across the entire breadth of the

state to the Mississippi and St. Croix rivers. It is true, at the last named
localities, we have the evidence of fossils which are not known to occur in

its easterly extension ; but we have already noticed the occurrence of the

Trilobite on the Menomonee, while we have the Lingula everywhere, though
in far greater profusion in the St. Croix region than elsewhere. In draw-

,

!

• Th« deicription of th» westerly prolongation of tliis sandstone is from the MS. of Mr.
B«U.

1
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mg inferences as to the age of the rock, from the occurrence c ' these

tossils. it should '
^ remembered that i* is by no means improbable that

similar ones may yet be found in more easterly localities. They seem to be

coexistent with calcareous bands, or the more calcareous portions of the

group, and it is to this modification that we should look for the develop-

ment of the fauna of this ancient period.

From all this evidence, we regard the question of the age of this rock as

settled— that the Potsdam sandstone of New York is identical with that of

the Mississippi and the St. Croix. One great source of doubt and per-

plexity in its determination, heretofore, was the recurrence of a sandstone

identical in character with the lower, but superior in position to the calcife-

rous sandstone, or lower magnesian limestone. It is a thin mass, evidently

due to a recurrence of the same causes which produced the inferior deposit.

This has been well elucidated by Dv. Owen in his reports on the upper Mis-
sissippi, in which he has shown that, near the junction of the lower sand-

stone with the calciferous, there are several alternations of calcareous and
silicious bands, the latter having the character of the sandstones below, and
the former of the calcareous deposits above. These occur in several places

on the upper Mississippi river, and give the geologist an introduction to

that condition of things which subsequently produced the upper sandstone,

which is distributed over a larg-^ part of Wisconsin, so often mistaken for

the lower member of the series ; but which, in fact, is separated from it by
two or three hundred feet of calcareous rOcks.

This upper sandstone can bt! regarded in no other light than as the result

of the same causes which produced the Potsdam, and were suspended during

the period of the deposition of the calciferous sandstone, or lower magne-
sian limestone, to be renewed, for a short period, in the deposition of a mass
of sandstone, varying from fifty to eighty feet in thickness, upon the sur-

face of the calcareous deposit. This fact shows the more intimate connec-
tion between these two lower groups than has heretofore been suspected.

It is, nevertheless, shown in many places within the Lake Superior district,

that the true sandstone, as it is traced upward, becomes gradually calca-

reous, and " finally passes into well-characterized, compact, magnesian
limestone."* The same is true, also, of this rock, in Canada and New
York ; while, however, there is rarely any evidence of increase in the sili-

cious materials towards the termination, as we observe in the west. In
some localities, there are thin but distinct bands, near the upper portion,

having an oolitic structure, which, as we go westward, appear to be re-

placed by beds of a granular texture and of a silicious character.

CALCIFEROUS SANDSTONE.

In the eastern part of this district, this rock is but imperfectly defined.

The north shore of Drumraond's island does not extend sufficiently far to

reach it, and it is but obscurely seen on the shores of the St. Mary s river.

In tracing the strata westward, this rock is distinctly defined in the banks

of the Escanaba river, and can be traced from above the forks for several

miles below. It preserves its characters in a remarkable decree, although

it does not expand to a greater thickness than fifty feet. The

li

upper por-

PMtI.,p. 117.



135 [4]

lions are highly calcareous, having, on fresh fracture, the peculiar granular
structure so characteristic of this rock. It is thin-bedded, and contains

small cavities lined with crystals of calc-spar, or quartz, and sometimes
simply with hornstone. The surfaces of the layers are often impressed

with the forms of marine plants, identical in character with those associated

with the calciferous of New York.

The lower part of this rock, as seen on the Escaniiba, is thin-bedded, the

layers not more than from three to six inches thick, often variegated and
highly silicious. This, though not one of the characteristic features in its

eastern extension, was again observed in Wisconsin, along the valley of the

Fox river. The lowest layers were of an olive, or dark-slate color, having
the same character in texture and color as the beds on the St. Croix river,

above Stillwater. These beds may, perhaps, with equal propriety, be re-

ferred to the lower sandstone, and regarded as exhibiting a transition from

one rock to another. On the Escanaba, the only fossil observed was a
species of Lingula.

This rock, according to the observations of Messrs. Foster and Whitney,
is distinctly exhibited on the Menomonee. " In descending the river, it is

first seen at the head of the Grand Rapids, and continues thence to the first

saw-mill, sixteen miles from its mouth, occupying a belt nearly eight miles

in width. The lower layers are of a buff color, sub-crystalline in their

texture, and contain numerous geodes, lined with crystals of rhomb and
dog-tooth spar, quartz, &c. On chemical analysis, it is found to contain a

large percentage of magnesia. Interstratified with it, are to be seen thin

bands of sandstone, tinged red by the peroxide of iron, which contain suffi-

cient carbonate of lime to cause a brisk effervescence with acids. The
rapids, more than a mile in extent, are over this rock ; but the adjoining

banks are so low, that it is difficuJi to obtain good exposures.

The upper layers, however, as displayed at the saw-mill, are frequently

wade up of rounded grains of quartz, united by a calcareous cement, which
communicate to the mass the appearance of an oolitic structure, though
none, in fact, exists."

Tracing this rock westerly from the St. Mary's river, there appears to be
a gradual augmentation in thickness. This is apparent, when we compare
its development on the Escanaba, and on the Wisconsin and Mississippi

rivers, In its easterly extension, its increase is equally great, attaining, on
the St. Lawrence, a thickness equal to that exposed on the Mississippi.

Little can be said, in detail, of this rock, suice nearly the entire extent

of country occupied by it, in this district, is covered by forest? ; and it is

only in the river banks that good exposures exist. From all that can be
observed, it maintains the same character here as in other localities, both to

the east and west ; and, from what we know of it elsewhere, and from its

tenuity and unaltered condition in this district, we cannot expect the occur-

rence of any minerals of economic value. Except that this rock is so im-

portant a member of the series, both in its eastern and western extension, it

might be regarded as a subordinate member of the lower Silurian limestones."

m
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TIIEORETICAL CONSlUERATIONS.

We have thus endeavored to define the boundaries and describe the prin-

i^
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cipa! peculiarities of the Isdam and calciferous sandstones which play so

conspicuous a part in the geology of the north-west.

From the details, incorporated into this chapter, it will be .seen- that,

wherever the Potsdam sandstone comes in contact with the granite, or

prior-formed schists, it is observed to have a slight inclination away from
the older rocks, rarely exceeding 8° or 10°. It is not necessary to suppose

that this inclination has been occasioned by a subsequent bodily upheaval

of the granite, but that it was, in the first instance, deposited at this angle.

From the topography of this region, it is evident that the sandsfone wBvH

deposited in a basin-shaped depression, having an irregular bottom. Granite

for the most part constitutes the rim of Lake Superior, and we have seen

that it rose above th^ surface of the ocean in which the Silurian strata were
accumulated.

Where the materials forming strata are for a while mechanically sus-

pended, or held in chemical solution, they will, when thrown down, accom-
modate themselves in a measure to the preexisting inequalities : — so, too,

where they have been distributed along a shelving shore, they partake in

some degree, of the prevailing slope. Hence, a hasty observer might infer

that there had been a slight uptilting of the land, when in fact it had re-

mained undisturbed. It will be seen, from the investigations of Dana, that

the detrital accumulations around the islands of the Pacific have almost
invariably an inclination sea-ward, where there is no evidence of upheaval

;

and Mr. Jukes, anoth'.r explorer in the same field, mentions a similar mode
of occurrence at Heron island, where not only the sand and intermingled

fragments of coral exhibit this tendency, but the solid coral, also, is tra-

versed by lines of cleavage conformable to those of the stratified deposits,

the whole dipping sea-ward at an angle of from 8° to 10".

From the experiments of M. de Wegmann, it would appear that sedi-

mentary strata may be deposited on slopes not exceeding 40", and that it

is not safe to assume an upheaval, simply from the unconlormability of the

strata, where there is no evidence of dislocation, or protrusion. Thus,
sandstones, or other sedimentary strata, folded over a granite nucleus, at

moderate angles, do not necessarily indicate that the nucleus is posterior

to the sandstones, since the latter might have been deposited over and
around it. The bed of the Gulf of Mexico, near Galveston, has such a
constant and regular slope that sailors can calculate the distance from
shore by the depth of water. By sounding at two points, the distance

between which is known, the difference in depth will represent the tangent

of the angle with the coast ; aid this angle being known, the distance is

easily ascertained by means of a second rectangle triangle.*

The want of horizontality in \he stratification, therefore, is not of itself,

proof of upheaval.

• Bulletin of the Geol. Soc. of France, April, 1850.
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REMARKS.

Oreat diversity of opinion ha^. been entertained vrith regard to the age

of this sandstone. Dr. Jackson, in his report communicated to the Land

Office, m 1849, describes it as the new-red, and seems to think that he has

clearly demonstrated that it cannot belong to the Potsdam. He founds his

belief on the fact, that a patch of Silurian limestone has been discovered,

•with a high inclination, in the midst of the sandstone, and hence infers that

the latter is the superior rock. He also states that a fragment of Penta-

merus oblongus was obtained from this locality, which would identify it

with the Niagara limestone; and that, therefore, this sandstone must

belong, either to the old-red, or the new-red. From the absence of fossils,

and from mineralogical resemblance and mineral contents, he thinks it must

be referred to the latter.

This reasoning would be ccaclusive, if the facts were admitted. We
have shown, in our former report, that the region where the limestone is

exposed, exhibits many cvid('nc(!S of local disturbance ; that in some places

the sandstone rises in hills, having u quuquaversal dip, and that a few

miles further west, the igneous rocks break through, and form a mountain

a thousand feet in height. The highly inclined position of these beds,

th'jrefore, proves nothing. Admitting that the limestone is the inferior

rock, is it not singular that it should nowhere be found interposed between

the slates and the sandstone, along a line two hundred and fifty miles in

length? Mr. Whitney's not(;H, which furnished bim with all the informa-

tion he possessed—he never having seen the locality—will not authorize

the inferences which have been drawn Irom them. On page 62-5, (Docu-

ments accompanying President's message, 1850, Vol. III.,) he speaks of

the sandstone iu his district as resting directly on the granite r jcks, and

describes this limestone as belonging to the lower portion of thu Silurian

system. On p. 711, he remarks that, " if no other data can be collected

Ithan those which I have already, 1 should hardly feel willing to pronounce

which is the oldest formation."

AH of the fossils were collected by Mr. Whitney. They were subse-

quently jsubmitted to Mr. Hall, who.se authority in these matters cannot be

questioned ; and from his report, contained in Part L, it will be seen that

he failed to recognize among them, the Pentamerus oblongus, or any other

form, characteristic of the Niagara limestone ; but, on the other hand, he

pronounces them all as belfnjging to the lower Silurian types. We have,

however, in other parts of the district, as shown by the detailed examina

U9IW; the ^QHt conclunivc evidence m to the age of this sandstone; not
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only the evidence of superposition, but of fossil contents. The occurrence

of the Lingula and the Trilobite in this group, must be regarded as conclu-

sively settling its age, and outweighing mere theoretical considerations

founded on lithological characters, which are a very uncertain guide.

It is but justice to those who have examined this group, that we should

refer to their conclusions.

Dr. Owen, in his report on the Chippewa district for 1848, pp. 57 and

58, remarks that, in the absence of all conclusive evidence derived from

organic remains, there is certainly strong, presumptive evidence, that the

red sandstone ^ and marls were deposited subsequently to the carboniferous

era.

Dr. Locke, in his report or 1847, describes this sandstone as the old-red,

but it is evident, we think, that by this remark he did not regard it as part

of the DevoniaQ series, since he was of the opinion that it must pass

beneath the Silurian limestones.

On the plats of surveys of township lines, made by Mr. William A.

Burt in 1845, under the direction of Dr. Houghton, the sandstone of the

southern slope is designated as the Potsdam, thus leaving no doubt that

Dr. Houghton had, at that time, satisfied himself as to its true position

in that portion of the district.

Captain Bayfield was the first to explore this sandstone with care, while

conducting the trigonometrical survey of Lake Superior. In the Quarterly

Journal of the London Geological Society, for November, 1845, there is a

communication by him, " On the junction of the Transition and Primary

Rocks of Canada and Labrador." In reference to the sandstone of Lake

Superior, he remarks :
—"No organic remains having as yet been found in

this sandstone, and its junction with the Lake Huron limestone in the St.

Mary's, below the rapids, being hidden by drift, water, and an impervious

forest, so as hitherto to have escaped notice, it is difficult to determine, with

any confidence, its place or age. There seems no reason to think that it can

be more recent than the old-red sandstone ; and when it is considered that

it appears in the St. Mary's at low levels, forming nearly horizontal strata

at the bottom of Lake George, whilst the horizontal fossiliferous limestone

of Sugar isi" -1 and St. Joseph's rises into higher ridges, so as to make it

appear highly probable that tlie sandstone occupies the inferior position,

and that, moreover, a sandstone is known very generally to underlie tran-

sition limestone in Canada and the United States ; when all this is' taken

into account, it is not perhaps unlikely that the sandstone in question may
belong to the Silurian rather than the Devonian period. On the other hand,

its appearance in \mworn slabs, that must be near the parent roct, in the

neighborhood of Michilimackinac, where great beds of gypsum occur,
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would seem unfavorable to this conclusion ; as may also, perhaps, tue red

marly beds of the Twelve Apostles."

Mr. Foster, in his synopsis of observations between Lake Superior and

Green Bay, dated September, 1848, and published m the report of the

Commissioner of the General Land Office, for 1848-9, describes the sand-

stone of the northern and southern slope as belonging to the same age, and

as resting at the base of the palaeozoic series.

That same year, Mr. Murray, of the Canada survey, examined the St.

Mary's river and the northern shore of Lake Huron, and satisfied himself

that this sandstone passed beneath the Trenton limestone, and was the

equivalent of the Potsdam. In reference to his explorations, Mr. Logan

remarks:—"The evidence afforded by the facts is clear, satisfactory, and

indisputably conclusive."

From the concurrent testimony of those whose opportunities for obser-

vation have been the most extensive, there can be but one Opinion as to the

age of this sandstone. It has ceased to be a mooted point.
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CHAPTER IX.

LOWER SILURIAN SYSTEM—CouTwrw.

DT JAMGa HALL.

Chazy, Birds-eye, Black River, mid Trenton Limestones.— Their inti-

mtUe Association in this District.— Their Range and Extent.— Orga-

nic Remains.— On the St. .Mary's River.— On the Escanaba, Rapid,

and White-fish Rivers.— Jt Little Bay des JVoquets.— Along Ford and

Cedar Rivers, and tin- Shores of Green Bay.— In Wisconsin.— Along

the Fox River, and the Shores of Lake Winnebago.— At Plattsville,

Galena, and Dubuque.— The Galena or Lead-bearing Limestone, a dis-

tinct Member of the Lower Silurian Series, not recognized in JSTew

York.— Mt atportion of the Cliff Limestone.— Hudson-river Group.

— Its Development on Drumrnond's Island.— At Pointe aux Baies.—
Organic Remains.— Its Identity with the Blue Limestone and Marls oj

Ohio and Indiana.— Lifhological Characters.— This Group the true

Termination of the Loioer Silurian Series.

CHAZY, BIRDS-EYK, BLACK lUVER, AND TaKlfTOir LIMESTONES

These limestones are so intimately connected, one with another, in the

Lake Superior district, anil each is so thin, that no advantage can be derived

from treating them separately. It is true, however, that each can be re-

cognized as a distinct member of the lower Silurian scries, and is characte-

rized by fossils peculiar to itself, as has been shown in New York. Reduced
as these formations are -n thickness, it will, nevertheless, be necessary to

vStudy them separately, and for the geologist, or collector, to preserve the

fossils distinct.

Commencing at the eastern limits of the district, these limestones are first

seen upon the S(. Mary's river ; but they are better exposed upon the east-

ern side of St. Joseph's island, than upon the main land of the Michigan
side. The sandstone, which is seen on Sugar island, plunges to the south,

and passes beneath all these limestones, leaving, as far as observed, no trace

of the calciferous ; but an interval, covered by drift, occurs, where no rock

is visible. In examining the shore of the island, the first rock seen, after

the disappearance of the sandstone, is the Birds-eye limestone ; but, further

to the eastward, near a projecting point, some layers of the Chazy make
their appearance, having, towards the bottom, an arenaceous character

;

while higher up, they assume an argillo-calcareous composition, and contain

fossils characteristic of this member of the New York series. This lime-

stone is also seen to pass directly beneath other beds, which, by their pecu-

liar character, may be recognized as the Birds-eye. The fossils of the

Chazy do not pass above the limits of the Birds-eye ; but the respective

limits of the two jnembers are as well defined here as in any of their eastern

localities.

:i!l

'fUL..



141 [4]

The Birds-eye limestone is, for the most part, thin-bedded, the layers

being separated by shaly matter, which rapidly wear away under the influ-

ence of the atmosphere and the water, wliile the harder parts are brittle

and easily fractured. This limestone appears to be more fossiliferous here

than in flew York, and, in the upper layers particularly, we found a great

number of Orthoceratitcs.

The Black-river limestone, or beds which may be regarded ks the equi-

valent, seems to be intimately incorporated with the iJirds-cyc ; so raurh

so, that no line of demarcation could be detected.

Further to the south, the Trenton limestone was observed extending in

a low cliff, for some distance along the river, maintaining, to a great ex-

teal, the characters by which it is distinguished in more eastern localities.

Its higher portions are made up, in a great degree, of crinoidal remains,

and it preserves <^he same character as this portion of the series in the Mo-
hawk and Black-river valleys. The whole mass is evidently much thinner

than at any locality east of Lake Huron, and there is, also, a larger pro-

portion of shaly matter, not only between the layers, but incorporated in

them. •

In addition to the evidence derived from lithologicalclinracters, the fossil

contents are of such a character, and so abundant, as lo leav(.' jio doubt in

this respect. The aspect not only of this member, but of the others, was
such as to impress one with the belief that, though idenlieal in age and in

composition, and a continuation of their eastern equivalents, i\ny were de-

posited under circumstances less favorable to organic life, residfing from

the nature of the materials deposited, or from varying conditions in the

ocean. The quantity of shaly materials mingled with this limestone, and

distributed in layers between the beds, would seem to indicate that a shal-

low and turbid state of the water prevailed du/ing its deposition.

The observations made by Messrs. Whittlesey and Desor, on the Manis-

tee river, tend to confirm these views.

On the Escanaba river, for more than seventy miles along its meanders,

above its mouth, these limestones arc almost constantly exposed, and pre-

sent these features. The ri-ver, for the distance of a mile before it enters

the lake, flows over limestone strata, which are nearly horizontal, or dip

very slightly in the direction of the current, but more gently than the de-

scent of the water ; consequently, the strata are cut through and their

edges exposed, to the thickness of only a few feet. The first rock met with,

in ascending the stream, is a tough limestone, in thin layers, separated by

bands of shale. It has the lithological characters of the Hirds-eye, and

contains Orthoceratitcs and other fossils, characteristic of that member of

the series, as well as of the Black-river limestone. • The succeeding layers,

which are well-exposed about a mile above this point, consist of thin, irre-

gular, or wedge-shaped, layers of light ash-colored lin estone, verging to a

dark-blue color, and contain many species of fossils, characterisl:ic of the

Trenton series ; leaving no doubt of their identity. Many of the thin lay-

ers are composed of crinoidal remains, and the weathered surfaces are often

completely studded with the detached joints or fragments of coliunns, stand-

ing in relief. This character of the weathered surfaces is unlike that exhi-

bited in any part of this limestone noticed within (he limits of New York

;

but an examination of these crinoidal fragments shows that they belong to

genera, and, perhaps, species known in this scries elsewhere.

The thin and even-bedded layers at the mouth of the river, may be quar»-

I
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ried to a considerable extent, whenever there shall exist a demand for them,

and v/iil foriu a durable building material. The succeeding layers are too

irregular to be of any value, except tor burning into lime.

At the lower mill-dam, a mile above the first exposure, the banks of the

stream, as well as the base of a small island, consist of beds of limestone,

which form an escarpment fifteen feet thick. These also belong to the

Trenton group, as indicated by the following fossils, which were collected

at this point : Isotelus gigas, Calymme Blumenbachii, var. senaria, Orthis

testudinaria, Leptcena sericea, and L. altcrnata.

In ascending the river, this limestone, and even the identical beds, con-

tinue as far as (lie Lower falls, distant two miles from the upper mill-dam.

The stream for the most part is very rapid, and the dip of the strata very

nearly corresponds with the descent.

At the Lower falls, tha thin and irregularly stratified portions are suc-

ceeded by regularly-bedded strata of limestone, attaining a thickness of

fifteen or twenty ieQt. It is impure from an admixture of arenaceous and
argillaceous matter, while layers of thesr ni^orials occur beneath. A few
fossils were fouijfl at this place, among >. ich were Brachiopods of the

Trenton and Hudson-river groups, with Ch:etetes. li/copcrdm.

After passing the falls, these last described beds very soon disappear, and
there occurs an interval of several miles, where few traces of rock are ob-

served ; but, at several points, the limestone is seen by the margin of the

river,— the descent of which is here very gentle— in no instance exposed to

a greater thickness than two feet. The layers are thin, of a light-grey

color, of a granular structure, and contain numerous cavities, some of wnicn
are partially lined *vith crystals. Although these few beds of themselves

are of little importance
;
yet, when studied in connection with the range

of the series, they present a feature of considerable interest, noticed here

for the first time. These compact, grey beds lie above the limestone

seen at the Lower falls, since they clearly pass beneath the channel of

the river, before the others emerge. Between the Lower falls and the

Meadow,* distant nine miles from the lake, the surface is mainly covered

by an accumulation of boulders, apparently derived from the drift, which
forms a steep escarpment on the eastern side of the river. Below this

)lace, the river curves to the eastward, cutting deeply into an accumu-
ation of thi? character ; but, above, it again bends to the westward, and
ays bare, on the east side, a ledge, some twelve feet thick, of grey

limestone, thin-bedded, and containing small cavities, sometimes lined witn

crystals of raagnesian carbonate of lime, and at others empty. These

• This is a somewhat remarkable feature in a river of this character, where the general de-
Bcent is very rapid, being some seven or eight hundred feet in the distance of thirty miles.

The principd mjadow is found at a bend in the river, the ordinary channel just above it

turning abruptly to the east, and making a broad curve, whore it has cut through the drift;

while to the west is aiother channel, through which a part of the water is discharged during
freshets, uniting with the main channel half a mile below; thus leaving on the west side a
large tract of bottom-land, the upper oxtromity of which consists of a wooded island. In
looking from the eastern bank, a broad meadow bounds this temporary channel, flanked on
the right by the wooded island, and on the left by the unbroken forest. In this meadow aro
several olms of magnificent sizo, the nearest ones standing out in bold relief, while the far-

thest blend with the forest growth of maples, beaches, &c. Their mode of growth shows
that, from their comme'icam.'iit, which is very ancient— since two or three were ohsorved
which had fallen from age— they hid stood in the open areas vvhich they now occupy. In
such wooded bottom-lands, in this latitude, we often find i)lants and trees flourishing luxu-
\uiUy'^ which, under ordinary circumstances, aro only found in more southern situations.
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a continuation of those before described as occurring at the

;e, seA'eral miles below,

is point, onward, for a considerable distance, the dip of the

layers arc

water's ed

From t

strata is more rapid than the descent of the stream, though the latter if

quite rapid ; consequently, there is a succession of the lower strata presented

to view in its banks. I had, therefore, ai opportunity of verifying my first

observations, that the grey, granular, limestone rested upon some shaly

and arenaceous beds with thicker calcareous strata, like those seen at the

Lower falls, succeeded by the irregularly stratified beds observed at the

upper mill-dam. We had an opportunity of tracing these two last divi-

sions for several miles along the river, where these escarpments were
exposed from twenty-five to thirty feet in thickness, disclosing,. in the

ascending order, the Birds-eye limestone, succeeded by the Trenton,

with scarcely a trace of the Black river limestone ; for, while the Ormo-
ceras, characteristic of the latter rock, occurs at the junction of the other

two, in the same connection is found the Orthor^ras mulHcameratum,
Notwithstanding, therefore, the extreme tenuity of these diffe t^nt members,
and the great admixture of arenaceous and shaly matter <! are is no diffi"

culty in recognizing, at this remote point, the important suiidivisions which
have been made in New York, aini of determinir.; ^hem by their cVarao
teristic fossils.

From the first exposure of the rocks above the meadow, they are almost

constantly in view to the Upper falls, and from thence, onward to the forks

of the river. About two miles from the upper end of the meadow, the

Birds-eye limestone is seen at the level of the river and continues, with

some slight undulations, to occupy the surface, as far as the first rapids

below the Upper falls. At Indian creek, a short distance below the foot

of the rapids, the Birds-eye limestone is very distinctly defined, and rests

upon some heavy beds, which clearly represent -the Chazy limestone. One
of these beds is remarkable for weathering in a peculiar manner, and an

examination shows that it is filled with a kind of tough, silicious and irre-

gularly-shaped concretions, or segregations, which stand out in relief, while

the calcareous part wastes away.

At the Upper falls, the strata li ' aore rapidly to the northward, and

though the ascent of the stream is considerable, yet, on arriving at the foot,

the calciferous sandstone is exposed, forming the base of the escarpment

over which the water is precipitiied ; while, above it, there are two layers

which represent the Chazy and Birds-eye limestones and the lower part of

the Trenton group.

Here, the following section is exposed in an ascending order.

' 1. Birds-eye limestone, fine-grained and compact, of a bluish-drab color.

2. Calcareous layers, of a grey color, with crinoidal joints and other fossils,— 4 feet.

8. A heavy-bedded, variegated limestone, with much silicious matter, the surflice WMtlM x
ing very unevenly,— 2 feet. ^•

4. A thick, silico-calcareous bed, with fossils in the upper part,— 2 feet.

6. Silico-calcareous layers at the foot of the falls, thin and even-bedded,

—

1 foot.

The whole exposure at the falls is about fifteen feet, and in the hank
above, about ten feet more. The beds forming the top of the falls disap-

pear below the river, near the point where Indian creek comes in from the

east. The layers having the character of the Birds-eye limestone disap-

pear a short distance below, and are succeeded by thin beds containing

•
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abundance of Orthis testudinaria, Leptana sencea, and L. alternata, with

other fossils of the Trenton limestone, and have the same character as some

of the layers about midway in this group, as developed in the Mohawk and

Black-river Valleys, in New York. Above the falls, the low cliff of fos-

siliferous limestone continues for some distance, gradually declining to two
or three feet in height above the river. The same changes take place, with

the recurrence of the same layers, in ascending the stream, the strata rising

more rapidly than the ascent of its bed. From this cause, we find the

calciferous $?.ndstone coming out from beneath the fossihferous limestones,

at a point some three miles above the falls, and continuing thence up the

stream for the distance of two miles above its forks.

These limestones, which have a combined thickness of less than seventy-

five feet, are exposed almost continuously in the bed and banks of the

stream, for the distance of more than thirty miles, following its meanders,

and a distance of about twenty miles in a direct line. The difference

between the dip of the rock and the descent of the river, is less than sixty

feet. There is, however, very little parallelism between the two ; for,

within the first eight miles after leaving the lake, we meet with the highest

beds of limestone in the series which occur on this river. Although its

descent is rapid, yet it is unequal in its rate, and these inequalities appear

to be due to undulations in the strata, which can be detected at several

points. For the most part^ the stream is very shallow, and its bed rocky.*

Along the whole extent of this exposure of the rocks, whether examined
continuously, or at intervals, there is no difficulty in identifying different

portions with their Now York equivalents. When taken as a whole, and

all of the beds examined in connection, the principal subdivisions, such as

the Chazy, Birds-eye, and Trenton limestones, are readily identified, not

only by their lithological characters, but by their organic remains. Even
in the arenaceous layers, which form some twenty feet of the whole thick-

ness, we not only detect numerous species of fossils peculiar to the Trenton
limestone, but many peculiarities of bedding, and other characteristics,

which, though not easily described, are readily understood and compre-
hended by the geologist.

It is deemed unnecessary to give farther details of the variable features

of these limestones along the Escanaba river ; in all the localities examined,

they offer little of economical value, aside from their application to building

purposes.

At the mouth of Rapid river and along its borders, and also at the mouth
of the White 3sh and at the head of Little Bay des Noquets, the Trenton
limestone is exposed, exhibiting the same lithological characters as at the

upper dam on the Escanabi.

Farther explorations, made by Mr. Whitney, along the White-fish river,

in crossing from Little Bay des Noquets to Lake Superior, proved the occur-

rence of the Trenton group, for the distance of fifteen miles, or more, from
the bead of the bay. The specimens procured are filled with fossils princi-

pally Leptcena sericea, and occasionally with L. alternata and Orthis testu-

dinaria, while, in lithological characters, they agree with those observed on

• The name Escanaba signifies Smooth Rock, given for the reason that the stream often

flows for considerable distances, over the smooth surfaces of the slightly-inciined rocks. The
iuequaiities caused by the offset of particular beds, give rise to numerous rapids, and render
the navigation so difficult that even a small skiff cannot be impelled against the stream, when
the water is low, except by using Betting-poles armed with steel points.
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the Escaniiba and Manistee. The country along the White-fish river is

low, rising little above the river margin ; consequently, there are no cliffs,

or escarpments, where the strata are exposed to any extent, and specimens

can be j)r()cured only at the water's edge. This river then, like the Manis-
tee, affords evidence of the existence of certain groups, but does not admit

of continuous observation as to their succession, thickness, and importance.

In the present state of the northern peninsula, being almost an unbroken
wilderness, and the elevation of the country occupied by tlie Silurian series

but a few hundred feet above the lake, with no abrupt curves in the strata,

by which they are brought to the surface, it is impossible to determine any-

thing more than the limits of the more important groups ; for all practical

purposes, however, the determinations already made are sufficient ; and it

was only with the hope of acquiring more detailed information, that we de-

sired more time and better opportunities of investigation.

Leaving the Escaniiba, and following along the coast of the bay in a

south-easterly direction, we soon find the limestones, just described, coming
out to the surface at the lake-level and scarcely rising above it, the cha-

racter of the beds being the same as those seen within a mile of the mouth
of the river.

At the mouth of Ford river, the country is low and there are no rocks

visible. The banks consist of alluvial, or drift materials, for four miles,

when there occurs a long rapid over the thin-bedded limestone, the same in

character as that at the upper mill-dam on the Escanaba. Proceeding to-

wards Cedar river, we passed several reefs of rock and observed large slabs

of limestone in the shallow water, which appeared identical with those at

the mouth of the Escanuba, and lower than the thin-bedded portion of the

Trenton group. Upon Cedar river, there are no rocks visible for two miles

after leavmg its mouth; but here, at the end of a mill-dam, the arenaceous

and shaly bands, which occur at the Lower falls of the Escanaba and op-

posite "Wood's Camp," are visible. These occupy a higher position in

tbe series than those seen at Ford river. Few fossils were here observed,

crinoidal joints being the most numerous.

From the mouth of Cedar river to the mouth of the Menomonee, the

more thickly-bedded portions of the Trenton, with layers of Birds-eye,

occur along the margin of the bay. Although nearly in situ, the beds have

been raised and broken by the water, and, in some places, piled up in walls,

or barriers, which have a very artificial appearance.

At the lower dam, on the Menomonee, a little above the water, limestone

is observed, in places, on the right bank, its surface being ground down, and

grooved with drift-scratches. Its character is very similar to that of the

Birds-eye, and the only fossils observed were crinoidal joints.

The west side of Green bay, from the mouth of the Menomonee to its

head, was explored by Messrs. Whittlesey and Desor. The specimens

collected showed a continuation of the same limestones which had been

observed from Little Bay des Noquets to the Menomonee. The fossils

collected were tv/o species of Murchisoiiia, Pleurotomaria hnticularis, and

several Brachiopoda.

After examining the eastern shore of Green Bay, I took up my observa-

tions upon the same limestones at Depere, tracing them along the Fox river

to the outlet of Lake Winnebago. Subsequently, in order to connect the

geology of the Lake Superior district with that of the Chippewr district, I

continued my examinations across the state of Wisconsin to th;; Mississippi
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river, and thence, at intervals, along that river to the falls of St. Anthony.

At Mineral Point, the lower members of the series have become very argil-

laceous, weathering into a light drab color, and are characterized by nume-

rous fossils. At Plattsville, the Birds-eye layers are pretty well defined,

though associated with much shaly matter and some layers of dark shale.

The rock, on being freshly fractured, is ycry dark-colored, but weathers to

an ashen hue. The Trenton limestone, which succee.ds, is thin-bedded and

J

light-colored, and all that i-emains is scarcely more thart twenty-five feet in

thickness. The same features are observed at Galena, ai?d again ?.t Du-

buque. At the latter place, the connection of this group with the suc-

ceeding limestone is very obvious. In all these localities, the ^°ntire thick-

ness of these lower limestones, which can clearly be identifieu with the

Trenton and associated limestones of the east, is less than fifty feet ? ''ut it

is possible that some better exposures would give a greater thickness.

I conceive that there can be no longer a doubt in reference to the aa'® o^

the limestones under consideration. Their identity with those of Nt'^W

York and of Canada has been established, not only by a comparison of the'

fossils, but also by tracing almost continuously their range from the Mo-
hawk, Champlain, and Black-river valleys, through Canada, to the eastern

limits of this district, and thence westward, continuously, to the Mississippi

river.

These remarks also apply to other groups, concerning which some differ-

ence of opinion has heretofore pe^vailed. Feeling the necessity of adopt-

ing some recognized standard, we have referred these subdivisions, so well

marked, to those which have already been made by the New York geo-

logists.

Before leaving the subject of these limestones, it will be necessary to

recall to mind some observations made on the Escanaba river, above the

Lower falls, and at the bend above the Meadow. The upper layers of grey

limestone, at the last named point, have a* thickness of some fifteen feet,

are meagre in fossils, and do not appear to be identical with any portion of

the series, which I have observed farther east. In going westward, I had
not an opportunity «.>f observing the overlying deposits of the Tjenton
limestone until I arri ved in Wisconsin. Here, in numerous localiti es, as

well as in Illinois and Iowa, the deposit above that which is marked by an
abundance of fossils el laracteristic of the Trenton, is a grey, or drab-col ored

limestoh. , and very fri able, forming a part of the "cliff limestone" of the

Ohio and Indiana repo, rts, and is called by Dr. Owen, in his report on tiie

Lead region, the "up^per magnesian limestone." From its position, as

well as its lithological characters, it appears that this limestone, which is

the principal lead-beari n\j rock in these states, is a continuation of that no-
ticed on the Escanaba, lying above the fossiliferous beds of the Trenton
limestone ; but that it haj) increased in thickness, as traced westwardfy, and
becomes an important member of the series ; and hence, we have designated

it in the classincatiorji of the rocks, as the " Galena limestone."

In the neighborho od of Galena, Dubuque, Mineral Point and other places,

there are numerous localities where a direct succession in the beds may be

traced. It is very evident that this limestone diminishes in thickness east-

wardly from these points, and becomes a very subordinate? member of the

series, losing, at the same time, its metalliferous character. From the

general absence o f fossils, and from its resemblance to the next succeeding

Haestone in litb( jlogical character} no distinction has usually b«en made

are
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between them. In the localities cited, particularly in the neighborhood of

Dubuque, the higher grounds are occupied by a limestone contsiining an
abundance of Catenipora, Heliolites, and other corals marking it as ot the

age of the Niagara. From the relative position of these coral-bearing

rocks to the lead-bearing strata, it has been inferred that they were but

parts of the same group, and they have heretofore been described as such.

This was the state of our knowledge, when I examined this series in

1841, and having satisfied myself that the coral-bearing limestone of Wis-
consin and Iowa could be clearly identified with the Niagara group of New
York, I expressed the opinion that the lower part of the cliff limestone was
of the same age. Up to the present time (1850) I am not aware of any

published e"'idence from an examination of the rock in place, to prove that

the lead-bearing rock is of lower Silurian age.* The principal fossil re-

sembles a Coscinopora, but is probably a Receptaculites. I have found,

however, in the same rock, the head of an Illcemis, a Leptcena, not unlike

L. alternata, Spirifcr lynx, and Atrypa increbescens. The still higher,

thin-bedded, argilla ;eous limestone contains a species of Lingula, undis-

tinguishable from L. subqiiadrata, Spirifer lynx, P.eurotomaria lenticula-

ris, Murchisonia hellidncta, and another species with angular volutions, a

large Orthoceras, and fragments of Illcenus. Up to this point, I found no

corals of the Niagara period, and, though the fossils are not numerous, they

are all of lower Silurian forms, and furnish the best evidence we have of the

age of this limestone.

This lead-beariny rock, as before observed, rests upon fossiliferous strata

of the Trenton age, which can be recognized as the identical group traced

over several hundred miles. The galena sometimes penetrates the Trenton

series, in films or sheets, but does not form veins, as in the grey, heavy-

bedded limestone above.

From all the evidence, therefore, the lead-bearing, or Galena limestone,

must be regarded as a distinct member of the lower Silurian system, which
is not recognized at the east. From its gradual diminution in thickness, its

source appears to have been towards the west. The conditions of the ocean,

though favorable to the deposition of this immense mass of calcareous mate-

rials, were unfiivorable to the development of organic life ; for, although

there remain a few species which continue through the period of its dcj);)-

sition, the greater number known in the group below did not survive beyond

the commencement of this. The occurrence of more highly fossiliferous

strata above, still of lower Silurian age, would show that the Galena lime-

stone does not form a series of transition beds between the upper and lower

Silurian.

To the south and south-west, this rock is of limited extent, probably

nearly coincident with the lead region; the universal testimony showing
that no productive lead mines exist m the western states, out of the range

of this rock.

• Mr. Conrad, in the proceedings of the Academy of Natural Sciences of Philadclpliia,

1848, expressed his opinion that the lead-bcuiing limestone was of the age of the Trenton,
ftom certain fossils obtained at Mineral Point. These fossils are from the Trenton lime-

stone proper, but no productive veins arc known to occur in that rock so far as I can learn.

Dr. Owen in his report upon that region has remarked that the veins die out on reaching
the " blue limestone." This blue limestone, in Wisconsin, is no other than tho Trenton
limestone containing large numbers of the fossils peculiar to that rock, and underlying the
blue marl and limestone of Cincinnati and other western localities, and which are not recog-

nized in central and western Wisconsin.
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This fact sets at rest all speculations as to the probable metalliferous cha-

racter of certain rocks which have been supposed to be identical with the

Galena limestone. The lead-bearing rock is a peculiar or.e, holding a cer-

tain place in the series, and of limited geographical extent. It is metal-

liferous tlu-oughout the greater part of its known limits, where it has

considerable thickness. The lead veins are almost wholly confined to it,

and evidently have their source in it. The small quantities sometimes found

below its base are in seams that die out, as they penetrate the inferior rock,

and it often takes the form of interlaminations among the strata, having

little ccnnection with the lower masses.

Regarding the higher beds before alluded to as identical with the Galena
limestone, it is not probable that the rock contains any valuable deposits of

ore within the Lake Superior district ; but, on the other hand, the small

thickness of the mass would preclude the possibility of the occurrence of

valuable veins. The fact of the existence of this rock, as a distinct mem-
ber of the series, is interesting in a geological point of view, and opens the

question as to the completeness of the series, which has been studied ia

New York, Canada, Pennsylvania and Virginia.

There is another question which may arise, and that is, as to the relations

of the lead-bearing rock to the Hudson-river group ; for there appears to

be little probability of identifying this group, at any of the localities west
of Lake Michigan. If the upper, ash-colored beds on the Escanaba are

identical with the Galena limestone, there is then no difficulty in determin-

ing the question ; for the Hudson-river group is superior to this limestone.

A.lthough I am not aware that the shales of this grouj) have been recog-

oized in Wisconsin, or Iowa, I am disposed to believe that the numerous
fossils found in the drift,—among wliich are a small JVucula, Cleidophorus,

Pleurotomaria, and others,—are derived from the destruction of beds of that

4ge, which lie above the Galena limestone. This opinion is further strength-

ened from having found on Little Bay des Noquets some beds filled with
small fossils similar to those noticed ; and I have received a specimen of

similar character, said to have been procured, in place, near Galena

HUDSON-RIVER GROUP.

The first appearance of this group, in this district, is upon the northern

side of Drumraond's island, where it lines the shore for the distance of seve-

ral miles, forming, in fact, that portion of the island lying north of the deep
l>ays which indent its eastern and western extremities. The thickness ex-

posed is not more than thirty or for*^y feet of the upper part of the groupv,

consisting of some calcareous beds, wilh Favistella stdlata in great abun-

dance. Below these are alternations of shaly and calcareous layers with
Streptelasnm, Chmtetes, Spirifer lynx, Atrypa mcrehesccns, Orthis occi-

dentalis, Modiolopsis modiolaris, JlmbonycJiia radiafa, and other forms,

characteristic of this period.

As the strata appear here, they are far more calcareous than in New
York, and approach in character the same beds in Ohio and Indiana ; while

the prevailing fossils are those which predominate in the western localities.

From the evidence here observed, this group of strata has undergone great

changes between this point and the northern shore of Lake Ontario ; the

changes being in the accession of calcareous and the diminution of,arena-

I 'ii:
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ceous matter. In the state of New York, the prevailing characters of the

strata are shaly and arenaceous, calcareous matter being subordinate to the

other two.

After leaving Drummond's island, we had no good opportunity of seeing

the strata of this group, before arriving at Pointe aux Baies, between Gr^at

and Little Bays des Noquets. Here, the calcareous shales, with thin

bands of limestone, indicate the higher portions of the group, and are

charged with fossils, principally those before noticed. The highest layer

visible contains large numbers of Amhonychia radiata, with a few speci-

mens of Modiolopsis modiolaris. The surface of "the country on the east

side slopes gradually down to the level of the water, and offers no oppor-

tunity for determining the nature of the beds upon that side. On the

western side, however, there is a low escarpment, interrupted at intervals,

but nearly continuous, to a point opposite the mouth of the Escanaba

river. The strata exposed along this coast consist of alternations of cal-

careous and argillaceous beds, above which is a considerable thickness of

arenaceous ?.rA calcareous strata, readily crumbling on exposure to the

weather. The highest portions seen are compact strata of impure lime-

stone, containing both arenaceous and argillaceous matter incorporated with

the mass and intercalated in thin layers. In the lower beds, the fossils are

principally Brachiopoda ; Orthis testudinaria, Leptcena sericia, and L.

alternata being the jirovailing forms. A single thin stratum is charged

with small JVucula, Cleidophorus and minute Gasteropoda. Another cal-

careous layer is partially filled, and the upper surface covered, with frag-

ments of Isotelus. This stratum can be traced continuously for more than

a mile along the coast, and is everywhere charged with these fragments.

A single articulation from the shaly mass, just above this layer, measured

ten inches in length, which represents the transverse diameter of the

animal, the length having been twice as great. Many of the layers are

completely covered with fragments of branching forms of Chcetetes lyco-

perdon, and considerable variety of surface is presented among them.

In the succeeding beds there, are some thin, calcareous layers, with

Orthis testudinaria and Spirtfer lynx in the softer and lower shale, while

in the higher portions occur the Modiolopsis P"d Amhonychia, with a few
Orthoceratitcs . The heavy, calcareous beds above have still the same
forsils as thox next below, which we have just enumerated.

Except in lithological characters, arising from the accession of calcareous

matter, and the almost entire absence of arenaceous strata, the similarity

between these beds and the upper beds of the Hudson-'iver group, as

developed in nortVwe? ; \n New York, is complete.

Although their actual contact witl' 'he Trenton limeJi+r! ^ was not

observed, there can remain no question as to their relative ;". "Jon. The
limestones, as already described, exist upon the west side of tiie bay, with
a uniform dip south-easterly in a direction at right angles to the cir^ e of

their outcrop. The beds of the Hudson-river group snow an escui ,•• nt

on the east side, dipping conformably with those on the west, and conse-

quently lying above them. This fact is important to be established here

;

for, there can be no doubt of the positive identity, in composition and fossil

contents, of the shales and calcareous beds of Pointe aux Baies and Little

Bay des Noquets with the "blue limestone and marls" of Cincinnati, Ohio,
of Madison, Inrliana, and other places.

For these beds, then, on the northern shore of Lake.Michigan, we estab-
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lish a distinct geological horizon, and In tracing westward the Trenton lime-

stone, we prove that they are not contemporaneous with, or a continuation

of, that group. If, therefore, this is the cas? h the ncr<h, it is a le^tiraatc

inference that those further south hold the same rolati:Mi (although we are

not able the'-e to see the base of the Hu(kDi>ii«r group) : v.rA the further

inference rai:'' be drawn, that the blue limtEJWM.ij and marlt '/' CincinnaJ

and other localities do not include the Trcatoii, or any of Ifce iiMrer lim;-

stone.\, but are strictly the i'quiva'<:at of ti-c Hu(?;jn-rvvcr u^'j'i[}, heing, in

fact, everywhere but a continuatioi; of it, ch-inging, as we go westward, its

lithological characters, anrl including^ other i'j.isils.

It has been deemed nec<'..oii'ry to go -ioiaewhat into these (Ictailsi, fcr the

reason that it has been made a question whether the groups of New York
were continuous and could be re< cwnixei:^ in the wt^st ; Ji.ad, particilarly,

whether the blue limestone auii vtssociaud marls could be ii].:»ntified with the

Hudsor -river group of New York.

The conditions of the Hudson-river jjjroup, ir.' the west an?i south-west,

nre. such as we might expect, when we consider the source from whence the

laater'tf ';; have Lit en derived,—that is, from the east and the north-east.

The i .)rjrs*^r riiaterials were first deposited, while the finer portions were
CA;r'^d fi.rtlH;r into the ocean, and thrown down as the current diminished

in \clocity ; consequently, we should expect just what we find, an impal-

pable mud, which, mingling with calcareous matter derived from organic

or other sources, has produced such a dt posit as we see distributed over so

wide an area. It is not to be expected Ihat a sedimentary deposit, made
under such circumstances, should present a homogeneity of aspect over the

whole area. Greater depth of ocean, distance from land and from the

source of supply, as well as conflicting currents, would unite in producing

the changes which we observe ; and this, so far from creating surprise, is

what we might rea. onably expect.

In tracing the boundaries of the Hudson-river group on the map, it will

be seen that, from Pointe aux Bales, its trend is m the direction of Green
Bay, and there is no doubt that this arm of Lake Michigan has resulted

from it3 excavation and removal, affording a striking example of the depen-
dence of the topographical features of a country upon its geological struc-

ture. It is not until arriving near the head of the bay, on the eastern shore,

that we again meet with the shales and calcareous beds of this group,

forming an escarpment which, with some interruptions, co'.tinues to the

"Red banks," where it is concealed by alluvium; but beyond this, it can
be traced along the base of an escarpment, as far as Lake Winnebago. Its

development along the eastern margin of this lake has been exammed by
Mr. Whittlesey. Frona this point, I have been aMe to learn little of its

occurrence in a southerly direction, in Wiscnsin and Illinois. In A south-
westerly direction, in passing through the,- - 'stcs, I s.iw nothing of it, be-

yond what has already been noted in the ;

it is not impossible that this group may bo

if so, it lust lie above the Galena y^.'.pii
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and fifty feet, though it is by no means certain that we have been able to

see the entire thickness. In localities at a distance from the lake-shore,

the junction of this groun with that above and below is concealed by drift

and alluvium, while no aosolute point of contact could be observed along

the shores of the bays and rivers.

From what has been stated, wc believe it will be admitted that this group
does undergo the lithological changes which we have pointed out, and that

to these changes are due the peculiar characters of the blue limestone and
marls of Cincinnati.

We shall attempt to show in the succeeding pages that with this group
terminates the true fauna of the lower Silurian period.
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CHAPTER X.

UPPER SILURIAN AND DEVONIAN SERIES.

nv JAMKS BALL.

Clinton Group.— Its Development on Drummond's Island.— On Big Bay

des JYoquets.— On the Eastern Shore of Greeii Bay.— Fucoidal Mark-

ings.— Tracks and Trails of Animals.— Its Prolongation into Wisconsin.

— At Hartford.— Conditions of the Ocean at this Period.— JViagara

Group.— Range of some of the Fossils.— Its Development on Drummond's

Island.— Fossil Contents.— Character at Point Patterson and .Pointe

Detour.— Summer Islands.— Peninsula of Green Bay,— Lithological Cha-

racters.— Section at Big Bay des JYoqueis.— Ancient Coral Reefs.— PrO'

hable Condition of tJxeir Growth.— Thickness of the JYiagara and Clinton

Groups.— Onondaga Salt Group.— Its External Characters.— Range in

this District.— Organic Remains.— Missing Groups which occur in JVew

York.— Evidences of Ancient Denudation.— Source of various Economic

Materials.— Devonian System.— Upper Helderberg Series.— Mackirmc

Limestone.— Gros Cap,— Island of Mackinac.— Arched Rock.— Sugar

Loaf.— Fossil Contents.

View near Gros Cap, Lake Michigan.

CLINTON GROUP,

We now commence our description of the groups wliich compose, i.. this

district, the upper portion of the Silurian systti.i, to wit: the Clinton

group, the Niagara group, and the Op.ond.iga salt group. The Medina
sandstone, which occurs below the Clinton group, in New York, has not

been recognized in this district sufRcicnlly developed to require a separate

notice, while higher uj) in the .series, llicre occur .scvt'ial well-marked
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groups ill New York, which are entirely wanting here. These will be

adverted to in the succeeding pages of this report.

Resting at the base of the ujjpcr tSiluriii.n, we find the Cinton and

Niagara groups, which are here so intiniatfly associated with each other,

that the line of demarcation between them cannot readily be drawn.

It has been shown in the reports on the gt^ology of New York, tiiat the

strata composing thfl Clinton group contain u larger proportion oi calcareous

matter as they are traced to the westward ; while, in the same direction,

the shaly and argillaceous beds gradually diminish in thickness and import-

ance.

So great is this change, that this group, which, in the central part of the

state, consists mainly of shaly and arenaceous beds with very subordinate

layers of calcareous matter, is, at the Niagara river, made up of two mem-
bers of limestone and one of shale. Although, in some Canadian localities,

the shaly and arenaceous beds acquire a temporary importance, yet the cal-

careous matter, on the whole, greatly predominates.

The first point in the district, where the strata of the Clinton group were
observed, is at the eastern extremity of Druminoiid's island. Here, in some
thin, calcareous beds, at the lerel of the water, we recognized several fossils

of this group. The strata are thin-bedded, of an argillo-calcareous cha-

racter, and of an ashen or drab color. Only a few feet in thickness are

exposed, and, alone, they would hardly have been regarded as of any impor-

tance. These beds, however, are below others which are well-characterized

by an abundance of Niagara fossils, and overlie other str.'la belonging to the

Hudson-river group, though thf actual junction of the two has not been

observed. In going westward, along the northern shores of ' ^ akes Hu-
ron and Michigan, 1 was unable to observe nry beds so low s )se on this

part of Drummond's island, until after having passed the entrance to Little

Bay des Noquets. About three miles above this point, and along the base

of a high bluff, I I'ound, at the water-level, layers of precisely the same
character and characterized by the same fossils. The fossils consisted of a

species of Cytherina, an Jivicula, and J^lurchisonia suhulata. A t this local-

ity, they lie at the base of a cliff about two hundred and fifty feet in height.

These thin beds, as traced upv^ards, gradually pass into thicker beds which
belong to the Niagara group. We must regard these thin, calcareous strata

as intermediate between the two groups, containing, however, no fossils cha-

racteristic of the Niagara period.

In examining the eastern shore of Green Bay, we h;ui ihin-bedded cal-

careous strata extending from near Washington Harbor to Sturgeon Bay,
identical in general character with tliose at the eastern extremity of Drum-
mond's island and Big Bay des Noquets. Some beds were observed to be

more silicious and very compact ; and, in many instances, separated by thin

layers of green shale. They maintain tiiis uniform character nearly the

ei.Hre distance indicated. The line of the coast is nearly coincident with
' > bearing of the strata, so that we have no opportunity of seeing beds

Uirough a greater vertical range than filly feet, On both shores of Stur-

geon Bay, we find beds somewhat higher in the series, and more calcareous

m composition, the highest of which are charged with casts of Pentamerus
ohlongv.S: On the north=castern side of the bay, we noticed a single bed
vnih. strong, rigid, fucoidal markings which are characteristic of some por-

tions of the Clinton gt up in New York.
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On the south-western side, and on the next point of land in the same

direction, the following section in an ascending order may be seen.

^t fl-ab-colorod limestone, ftiablo, Wiih Pentamenin oblongus, corals, &c.
I?}' r:. .re two, or throo feet thick. One layer marked with a net-work ot

NteVnj one-half or three-fourths of an inch in diameter.— Thickness, 10

1

6. Light-inr,"

Some !' I

flier.' M, the

ft)c.
'

4. Thin, calcareous, with slllco-calcareous layers, the same as were noticed »t Windy En-
i;8inpm8nt, on the east side of Green Bay, opposite the mouth o*f the Menomonee river,

graduating into the mass below, but still showing a line of separation.— Thickness ftom

6 to 10 feet.

8. Shaly beds alternating with siliclous, silico-argillaceous and silico-calcarcous layers of

variable thickness.— Upner p«rt ^^tq calcareous, the layers in many places having a

concretionary structure i ....wuiig Cv^'erma; a, continuation of the beds seen at

the lake-level, on I> . ummond's island, and At the clifl's of Big Bay dcs Noquets.— Thick-

ness, 15 feet.

2. A heavy-bedded, silico-argillaceous limestone of a greenish color, with nodulos of horn-

stone.— Thickness, 6 feet.

1. A soft, brittle, greenish colored mass, apparently calcareo-argillaceous, extending 4 o; 6
feet above the water-level.

A few miles farthei to the south-west, the successive layers present the

following section. (A mile farther on, about fifty fef.t of the same section

can be seen at a single exposure in the cliff.)

6 Friable limestone with Pentantsrus ohlongns.— 10 feet.

4. Hard, thin-bedded limestone, more or less silicious, with thin bands of greenish shale.

—

10 feet.

5. A mass, the upper layers of which are calcareous, con' \ng Cytherina, svi^y. 'ed by
shaly layers of a greenish, or chocol;iti! color, with intercal:ited, silicious layers. 'ipplo

and fucoidal markings, and tracks and u ills, possessing all the characters of thos . tho

Clinton group in New York. Tlie upper layers arc less calcareous than the corre.^ end-

ing ones farther east.— 20 to 2o feet.

1. Compact, tough, argiUo-silicious rock, witli interspersed nodules of silicious matter, 8omt>
times in layers more or less continuous.— 6 feet.

1 . Green, shaly rock, crumbling rapidly on exposure and showing a concretionary struc-

ture, and occusionally with small cavities.— 20 feet.

In the preceding section , the lower part, as well as the six feet mass
above, is entirely destitu' of fossils. The succeeding beds are every-

where j''aractc ized by oidal markings, by tracks and trails of some
animals, by ripple-raarks and by smooth, even, beach-like surfaces, on
some of which there are irregular depressions like those worn by water
under the irJ] ^ence of wind and tidal . arrents.

The peculiar features oi this group resemble so much those of the same
group in central New York, that their id(„ntity is unmistakable. The
layers of the six fe :*^ m?. next below this, resemble very closely the

grey band, or uppc nembt r of the Medina sandstone, while the next
below has the cole d tevtuve of this sandstone; and, although there

is no other evident ^ man osition in relation to the positively identified

lower part of the Clinton g "oup, it cannot be reasonably doubted that

we have, at this remote point, the representative of this sandstone, which
in New York and Canada forms an important member of the series. From
the difficulty of obtaining a view of the whole series, arising either from
denudation, as on the northern side of Drummond's island, or from their

obscuration by drift accumulations, as at other places, we are not able to say

• This band is at the level of the lake, on the N.W. side of Sturgeon Bay. At this point,

a bluff of limastono rises to Viw height of one hundred to one hundred and fifty feet, visible
• at intervals, though mainly covered with forests. This cliff was not examined in detail.

\
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with certainty whether these peculiar beds exist at other points in the dis-

trict. However, the alternating, shaly and arenaceous beds, marked by
tracks and trails, so characteristic of this group in central New York, have
now been found here. They do not exist in Canada for a long distance

west of the Niagara river, and at what point they come in, we are at pre-

sent unable to say, having observed them only on the peninsula of Green
Bay. These evidences, then, of shnllow water, of beaches, marked by
the trails of shells and other animals, which have been observed in New
York, cease for a long interval, thus iiuthorizing the inference that the in-

tervening portion of the ocean was deeper and the shores more remote.

The strata of limestone and shale which occupy the intervening space are

charged with Brachiopoda (and for tlie first time the genus Pentamerus), a

few Mcephala, Gasteropoda and corals. It is unquestionably true, there-

fore, that the conditions of the ocean, where one olass of these deposits

occur, must have been very different from those under which the others

were thrown dov , After leaving the locality cited in the preceding sec-

tion, an interval (,i two miles occurs, where no rocks are visible, when a

greyish-green shale, with harder calcareous layers, appears on the shore of

the bay. These beds contain fossils of the Hudson-river group, or lower
Silurian series. The strata rise to the south-west, but so gradually that it

was hardly possible to have passed over an interval of fifty feet of rocks

not observed ; and this interval with the non-fossiliferous beds at the base of

the last section, constitutes the beds of passage from the lower to the upper
Silurian rocks. Although the lower fossiliferous beds are filled with organic

remains, among which occur abundantly the Spirifer lynx, Orthis testudi-

naria, Orthis occidentalis, Lepteena alternata, and others
;
yet, I was never

able to detect one of them, either in the beds of passage or in the fossilife-

rous beds, recognized as belonging to the Clinton group.

It will be observed that, in our examination along the coast of the lake

from the St. Mary's river to the Detour, the exposures were all upon the

upper or inclined surface, dipping lake-ward. The exceptions were of minor
importance. From the Big Bay des Noquets, where we have exposed a
complete section of the strata, our observations of the upper Silurian and
the upper part of the lower Silurian are on the line of strike and upon the

exposed cliffs of the northern outcrop. In the first instance, the slight un-

dulations gave us no opportunity of penetrating b'^-neath the limestones of

one group, which, from their uniform character, could not always be distin-

guished from one another. In the latter, or on the outcrop, every undulation

presented us with an opportunity of examining beds not before seen, or of

recognizing the same beds, with some slightly varying characters.

AlthougT no good opportunity offered for tracing these beds to the south-

ward beyond the present locahty— which extends along the shore of Green
Bay for a few miles south-west of Sturgeon Bay— yet, it would appear
that a part of the shales in the escarpment from the head of Green Bay to

Lake Winnebago, and along the eastern shore of that lake, are of the Clinton

group. Pursuing the same course a little farther to the south-west, we have
additional evidence of the occurrence of this group ; for, on the western side

of a low escarpment of limestone, near the eastern line of the town of

Hartford, we meet with a greyish crystalline mass, similar to that seen on
the shores of Green Bay. Here occurs a band of iron ore, Solitic in its

structure, and containing more or less shaly matter. This iron ore is

undigtinguishabl« from that associated with th« Clinton group in New York,

u m

\'i

,'
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Althou|][h, nt this locality, the ore-bed cannot be traced to a direct connec-

tion with this limestone, it evidently passes below it. At Sterling's, the ore

is four or live feel thick, presenting the appearance of a regular, continuous

bed, surrounded by a mass of pebbles and iVaguientary rocks, accumulated
during the drift epoch. It would appear that the outcropping edges of this

bed had resisted tlH> denuding action which lias removed the shale above
and below; while the ore is simply broken up, without having been removed
or transported.

J

At a point some twenty feet higher, the limestone crops out ; while the

I
top of the terrace is about thirty feet above the iron ore, the bottom of the

valley is about the same distance below.

,
In tracing this escarpment further to the north-east, the thickness visible

is from twenty to twenty-five feet. At anolhi r j)oint, the superincumbent
limestone recedes to the eastward, and in a benil thus formed, an extensive

ore-bed has been opened, by simply removing the surface soil. It is in a
loose and incoherent condition, Iik(! some of the beds in this association, in

Oneida county,- New York. I was unable to detect any rock in connection

with the ore, the under surface of the bed not being. visible. Along the

base of this escarpment, rise numerous springs which, uniting, form a per-

manent stream, indicating the existence of impervious strata beneath the

limestone and iron ore. The surface of the country affords no deep ravines,

and it is with difficulty that the line of the outcrop of the rocks can be fol-

lowed for any great distance, in a connected manner. These localities of

iron ore, taken in cormection with the succeeding limestones, leave no doubt
of the occurrence of this portion of the Clinton group in Wisconsin ; but

beyond this point, I have no evidence of its existence. It is probable,

however, that traces of it will be found, on more careful examination, in

following the out-cropping edges of the limestones in a more southerly di-

rection. To the west of the low axis, which brings up the lower limestones

and sandstones and extends to the southern line of the state, I have no evi-

dence of the occurrence of any members of the Clinton group.

. It is interesting, however, to have traced over so great an area, a subor-

dinate group of the systems which have been recognized in New York and
Pennsylvania ; and, although having in some places the appearance of local

deposits, it is proved to have a wide distribution. The ocean in which these

deposits were made, however different they may be at distant points, was
wide-spread, with occasional shoals and insular coasts, as evidenced by the

marine vegetation and the tracks and trails of animals.

The iron-ore beds, forming in New York so important an economical fea-

ture in the Clinton group, do not probably occur within the limits of the

Lake Superior district, though they do in Wisconsin. We are led to this

conclusion from the fact, that they disappear in the region of the Genessee

river, and have not been observed to the westward of that point, except in

Wisconsin. Neither along the shores of Green Bay, where they could not

have escaped observation had they existed, nor at localities further east did

we detect a trace of them.

NIAGARA ROUP.

It is scarcely possible, as before remarked, to describe the limestones of

the Clinton group, obs( 1 in this district, as distinct from those of the

Niagara group. The thiu-bedded, ash-colored and sometimes concretion"

I



157 [4]
ect connec-

ig's, the ore

, continuous

ccuraulated

idf^es of this

jhiile above
ten removed

; while the

ttora of the

:ness visible

;rincumbcnt

n extensive

It is in a
lociation, in

connection

Along the

brra a per-

leneath the

!ep ravines,

can be fol-

ocalities of

ve no doubt
;onsin ; but

j) probable,

aination, in

utherly di-

liraestones

ive no evi-

a, a subor-

York and
ice of local

fhich these

)oints, was
ced by the

jraical fea-

nits of the

ed to this

3 Genessee

,
except in

could not

ler east did

lestones of

)se of the

oncretioB-

ary limestones which wc have described as occurring at the eastern extre-

mity of Drummond's island, on Bay des Noqucts, and again on the eastern

shore of Green Bay, pass imperceptibly into limestones, thicker bedded,

more crystalline an«l often porous in their structure. Along the eastern

shore of Green Bay the Pentamerus bed limits very nearly, tne more com-
pact and thin-bedded portions, and here this fossil forms a reliable guide

;

but the P. oblotifTus, which in New York is never known above the Clinton

group proper, does enter, as we have been able to discover, in many
western localities, into the Niagara group. It may, therefore, be doubted

whether, in the west, the calcareous beds of this period can be distinctly

separated into groups ; but at present, I am not able to determine this

question, which, for its perfect solution, would require many months of explo-

ration with a careful examination of the succession of beds and their fossil

contents. One fact of interest will strike the observer, who is familiar

with the members of this group in New York, and that is : from the com-
mencement of the calcareous deposits, through liie whole period, there is

no interruption of the materials, except by thin, shaly intercalations of a

dark-green color, which, although indicating that this material still re-

mained suspended in the waters of this ancient sea, was not sufficient to

form beds of imi)ortance, as observed farther to the east. While there, the

calcareous deposits have been interrupted at intervals, and form beds con-

taining, to a considerable extent, fossils of different species, and distinct

from those of the intercalated shales ; in this region, there are no strongly-

marked changes in lithological or fossil characters.

It must be remembered, however, that, for the most part, the species of

fossils characteristic of the Clinton group, are wanting in all the localities

examined. Less than one-tenth of those known in this group in New York,
have been recognized on the shores of Lakes Huron and Michigan ; but, at

the same time, we have not met with three well-marked new species,- -a

less number pi obably than would be found, with equal examination, in the

same beds in New York. Therefore, no new conditions of life have super-

vened to change the fauna of this period, though a general paucity of or-

ganic "life is observed in the lower calcareous beds.

Above the thin-bedded layers already noticed as containing some fossils

of the Clinton group, the beds gradually assume the semi-crystalline and
somewhat cellular texture which is so characteristic of the limestones of

this period. The Pentamerus beds often contain corals; and, in a higher

position, where this limestone has assumed the characters of the Niagara
gioup, with its characteristic fossils, this shell is still found.

The southern portion of Drummond's island is occupied by the Niagara
-gjoup: the beds are exposed along its eastern, western and southern sides,

dipping southerly or south-westerly ; and, at several places along the south-
ern shore, the gently-sloping surfaces of the rock afford an abundance of

fossils. In a single locality, we were enabled to see strata exposed to the

thickness of twenty-five feet, charged with fossils, consisting chiefly of

ciirals, among- which are Catenipora escharoides, C. agglomerate, Syringo-
pnra ? two species, and Heliolites spinipora. Favosites favosa, and F
niagarensis, Astrocerium venustum, Stromatopora concentrica, Caninia,
IHplophyllum, and several others, characteristic of the Niagara period.

Among all tliese, the broken and separated valves of the Pentamerus ob-

longus were very abundant. We were also enabled to trace the same group
from the eastern end of Drummond's island across the southern extremity

tl
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of St. Joseph's, and thence along the coast anJ is/ands, from the mouth ot

the St. Mary's westward. In several of the localities, the rock has a lighter

color than usually belongs to the Niagara group, and contains casts of a

species of Pentamerus similar to one known at Gait, in Canada West.
The rocks at Pointe St. Vital, and at other places in this neighborhood,

have the aspect of the higher beds of the Niagara group, which evidently

pass northward of Mackinac and Pointe St. Ignace.

My observation upon beds of this period was again taken up along the

coasc in the neighborhood of Point Patterson, where I found similar rocks.

Between this place and Pointe Seul Choix, strata of a similar tiharacter are

again visible beneath the deposits of sand, which form the lake shore. At
the latter place, the strata were examined by Messrs. Whittlesey and Desor,

who found them to possess the same characteristic features and the same
organic remains, among which thf» Pentamerus was the most conspicuous.

Along the whole coast, from Point Patterson, the rocks at intervals only

appear above the level of the lake, the water near the shore being shallow,

and the bottom strewn over with numerous boulders of northern origin and
fragments of limestone, little worn, indicating that the latter were derived

from the immediate vicinity. -In many places, the rock may be seen be-

neath the water, with a very gradual slope towards the lake, and present-

/ng, for a long distance, a gently-sloping shore.*

From Pointe aux Barques to Pointe Detour, the rock is more frequently

seen above the lake-level, though rarely rising higher than five or six feet.

[t is extremely hard, resembling externally a highly silicious limestone

;

out, on analysis, it is found to contain only a small percentage of sili^-a. The
Aardness, or rather toughness, may then arise from the magnesia which is

shown to be present everywhere in considerable proportions

With the escarpments of the eastern shore of Bi^ Bay des Noqucts and
Pointe Detour, the limestones of the Clinton and Niagara groups terminate

upon the northern shore of Lake Michigan, and no traces of them are seen

ou the north or west shore of Green Bay. Their prolongation is in the

direction of a group of small islands soutn-west from Pointe Detour, known
as the Summer islands, St. Martin's, Rock, and Potawatomee islands,

together with several small islets which have no distinctive name.

The more elevated portions of many of these islands contain fossils of

the Niagara group, consisting chiefly of corals, among which are two
species of Favosites, Catenipora find Heliolites. These corals are chiefly

above the great Pentamerus bed, ir. the lower part of the group ; but are,

nevertheless, occasionally intermingled with that fossil, which even ranges

into the higher portions of the Niagara group.

The limestones belonging strictly to the Clinton group, and which have
already been mentioned in that connection, exist along the west side of the

peninsula of Green Bay, forming the shore as far as Sturgeon Bay, and
even for a short distance beyond. At i'otawatomee island, and along the

• The bold, rocky shores, represented on the geographical maps as extending along the
whole northern coast of Lake Michigan, are all imaginary. It is scarcely possible to And so
great an extent of coast, with so few bold points and so little deep water, and equally rare
to find one so dangerous of approach, oven for coii ''n;!; boats, during high winds.
The gradual dip of the rocks lake-ward, broken . ':asiiinally in step-liko forms, produces

sboa! water, with irregular reefs. Upon th, are uci'iiriuilatcd the coarser drift materials.
which often rise to within a few inches, oi y e itc to tno surface of the water. The ac-

tioa of the winds and the ice changes the mi. ulion of thesu materials every year, and
•T«B ttddi to tkuk b7 dislodging A:agm«nts v. '.Ua«9t9n« from tb<« »vUd strata b«noath.

pk
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west side of the peninsula as far as Horse-shoe island, we find a consider-

able thickness of limestone belonging to the Niagara group. Beyond this

point, however, we scarcely find it on the immediate shore, which, break-

ing off above or below the Pentamerus bed, recedes for some distance,

when it rises with an abrupt slope, and even an escarpment, formed by the

out-cropping edges of the Niagara beds. The whole of the interior, there-

fore, as well as the eastern side of the peninsula, is composed of strata of

the Niagara group.

As might be expected, this assemblage of strata (Niagara group) here

assumes a very different external aspect from its equivalent in the New
York series : and, although there is no difficulty in identifying the whole
as a continuation

;
yet, it is difficult to '•ecognize subordinate members and

individual beds. As an example of the variation in character, I will here

give a section, in the ascending order, of the cliff of Big Bay des Noquets,

where a thickness of about one hundred feet of the rock is exposed

1. Compact, hard, and apparently silicious limestone, forming the summit of the cliff—

6 feet.

2. Friable and porous limestone, resulting apparently, in part, from the solution and
removal of some mineral matter—10 feet.

8. Thin, silico-argillaceous layers—10 feet.

4. Porous, (Viable, and calcareous strata, charged with corals and imperfect remains of
other fossils, often cavernous—10 feet.

5. Thin-bedded, shaly limestone of a drab-color, with few fossils—25 feet.

6. A more porous and friable limestone, sub-crystalline, and containing corals

—

15 feet.

7. Shaly, thin-bedded limestone, with few fossils—thickness not ascertained.

The manner of deposition is here made quite evident, in the character of

the successive beds. The more purely calcareous ones, or those with no
appreciable admixture of argillaceous matter, abound in corals, and appear

to have been coral-reefs, scarcely disturbed in their natural position, but

covered by sedimentary deposits, composed, in a great degree, of finely

comminuted matter, probably derived from the remains of corals and other

marine animals; intermingled with an argillaceous mud. In this deposit,

or over the ocean bed, Avhile it was being formed, no corals lived ; nor are

there other fossils seen in this portion of the rock. Again, the condition is

ch'-nged, and corals reappear and continue to flourish through a longer, or

shorter period, until another chi.nge takes place, when they cease to exist

;

and thus we meet with several repetitions of bands, charged with these

remains, in this group.

It is not probable that these reefs extended uninterruptedly over very

wide areas, and we may expect to find them in one direction entirely re-

placed by shaly limestone, the materials composing it having been furnished

m sufficient quantity to keep up a continued deposition, in some parts; while,

in others, these shaly materials, having been transported at intervals, may
have allowed the uninterrupted growth of corals, and the formation of con-

tinuous reefs. Between these extremes, the two kinds of deposits may
have been mingled in all degrees of proportion, and charged with a greater

or less amouiit of corals, dependent on the quantity of intermingled shaly

matter.

To such conditions, we owe the production of different and successive

beds in the same group, and the different aspects which the strata assume
at remote points. Thus, the features of a group, which, in one place, are

subordinate in importance, become, at another point, predominant. The

' .^ >
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shale which, in New York, forms more than one-third, and in places, more
than one-half, of the thickness of the entire Niagara group, is not recog-

nized in this district ; unless it be in the thin-bedded, shaly limestone, which
alternates with the coralline beds, or, in some places, forms a mass of con-

siderable thickness by itself, being destitute of all the larger corals, and fur-

nishing only some of the characteristic shells.

Notwithstanding all the changes which have taken place in the Niagara
grOTip, as developed at different points, and its intimate blending, as in this

district, with the limestone of the Clinton group below and the Onondaga
salt group above, we find no serious difficulty in recognizing it as a who e,

both by lithological characters and fossil remains. We have been able, by
these characters combined, to trace its continuation throughout the entire

district from east to west. We have seen it, in this extent, assuming dif-

ferent aspects, dependent on causes before adverted to ; but we have never

failed to find a greater or less number of known-characteristic fossils, even
where the strata were explored only to a limited extent. Their occur-

rence, under such circumstances, and their persistence over so great an
area, where physical characters have in a great degree failed, only serve

to demonstrate the value of these means ot studying and identifying the

stratified deposits.

I have, also, had an opportunity of tracing this group, at intervals, ncross

the country between Lake Michigan and the Mississippi river, und of recof;-

nizing it by its fossils, particularly its corals, even beyond that point} to the

south-west. It exists in Ohio, Indiana, Kentucky, and Tenjiessee, and
may be recognized, not only by its lithological characters, but by its nu-

merous fossils, identical with those first described in the Iv'ew York Geo-
logi^ial Reports, as occurring in this group. Among thes:^, we have, in

addition to the corals, which are the more common fossils, sjveral species

of crinoids, the Caryocrinits, Eucalyptocrinus, Ichthyocrinus, and others

which are identical with species known to occur in New York.

Ill a sou.ii-westerly direction, and without the limits of this district,

this group has been examined by Mr. I. A. Lapham, of Milwaukee,
who has had no difficulty in recognizing it by its characteristic fossils.

Hi^ observations will be found incorporated in the subsequent pages of

this report.

Thickness of the Miagara and Clinton Groups.— As already remarked
in the commencement of this chapter, the lowest beds are seen at the lake-

level on the eastern side of Drummond's island; while, on the northern

side, we find the higher beds of the Hudson-river group. Again, on the St.

Mary's river, the lowest beds of the Clinton group come to the water-level

just above I-ime island. Passing westward, along the northern shore of

Lake Michigan, although numerous undulations are visible, often enablbg
the observer to see a considerable thickness of strata, yet the lower beds

are nowhere exposed, until we arrive at the bluffs on Big Bay des Noquets.

I have already mentioned the exposure of the same beds here which we
had seen on Drummond's island. The entire height of the cliffs does not

exceed two-hundred and fifly feet, and we have nowhere evidence of the

existence of superior beds of more than one hundred feet in thickness be-

longing to these groups. The entire thickness, therefore, of the calcareous

beds of the Niagara and Clinton groups does not exceed three hundred cmd
fifty feet. This is, I am aware, somewhat less than the estimate of Mj'.

Murray, in his section across the Grand Manitoulin islands, which, inclu.liug



la'^es, more
not recog-

tone, which
ass of con-

ils, and fur-

he Niagara
f, as in this

Onondaga
IS a whole,

en able, by
the entire

vming diC-

have never

ossils, even
beir occur-

) great an
only serve

itifying the

vals, across

d of recof;-

jint, to the

jiessee, and
by its nu-

York Geo-
e have, in

rai species

and others

is district,

Milwaukee,

itic fossils.

t pages of

'• remarked
t the lake-

e northern

,
on the St.

vater-level

n shore of

!n enabling

ower beds

s Noquets.

which we
3 does not

nee of the

ckiiess be-

calcareous

indred rim!

ate of Mj'.

, inclu.!ini>

161 [ 4

]

both groups, amounts to five hundred and sixty feet.* Although there are,

at intervals, exposures which iippear along the coast, where the rate of dip
is such as to give r. greater estimated thickness than three hundred and fifty

feet, yet we have no positive proof of a greater observed thickness.

In this estimate, it must be understood that the elevated portions of the
island and peninsula oi Mackinac are not included, for they are occupied
only to a small extent, if at all, by strata of this age.

ONONDAGA SALT GROUP.

It has already been stated in the preceding pages that, with the excep-
tion of Mackinac and St. Ignace, the northern shores of Huron and Michi-
gan, within this district, are low, and void of scenic interest. The whole
extent, with the exception noticed, presents a single geological plateau from
Drummond's island to Pointe Detour, the Niagara limestone everywhere
forming a barrier to the encroachments of the lake ; and, though often

covered by superficial accumulations upon the shore, it manifests itself in

broken ledges beneath the water, or gives evidence of its presence in the

accumulation of loose bbcks, forming shallow water and dangerous reefs.

With the exception of the points noticed, the superincumbent strata have
been entirely removed from the surface of the Niagara limestone, along the
entire distance, and even beyond this point nearly to Milwaukee.
The succeeding strata in New York and Canada West belong to the

Onondaga salt group, and consist of shales and marls, with some beds of
more or less impure magnesian limestones. The shores of the island of
Mackinac, and of some of the small islands to the east, present an abun-
dance of pebbles of light-drab or chocolate color, with the vesicular struc-

ture so characteristic of the Onondaga salt group. The lower beds of

limestone, at Mackinac, have also this character ; while others have their

surfaces marked by straight, gash-like lines, which have been described as

appearing like shallow cuts mavie with an axe on a yie) Mng surface. This
feature, like the vesicular structure, is characteristic of this group.

The north and west sides of the island present a good exposure of the

lower beds, while the shore is sf -ewed with fragments of this and the super-

incumbent group. The generc^ I ashen color of the whole rei. ders the dis-

tinction obscure ; and the succeeding strata being for the most part destitute

of fossils, or presenting them usually in an obscure condition, the observer

fails at first to recognize the distinction.

In the islands of St. Martin, a few miles to the north of Mackinac, it is

reported that gypsum has been found in considerable quantities along the

shore. At the time we visited the island, we did not succeed in discover-

ing it, which may have been in consequence of a high stage of water.

To the north of St. Ignace, Mr. Whittlesey fuind a marl} bed about

fifty feet in thickness, containing gypsum in isolated masses, occurring

under the same forms as in New Yoric and Canada West. This marly bed,

with some higher and more calcareous ones, undoubtedly represents the

Onondaga salt group ; holding, in all respects, the same geological position

and possessing the same litbological characters and the same association of

minerals. Tlie group has greatly diminished in thickness, and with its

li
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small proportional importance, it is remarkable that it should retain, m so
great a degree, its distinctive cliaracters. Wo have not Ihe means of making
a comparison of its gradual changes as prolonged to the westward, this

being the only place along the whole line of coast where we had an oppor-
tunity of seeing it. It is a singleoutlier, giving us the only facts by which
to infer the character and persistency ot the group, not only within the
limits of this district, but farther to the south-west, along the peninsula of
Green Bay, as far as Milwaukee, where we have some evidence to show
that it has entirely thinned out.

Returning, for a moment, to the island of Mackinac and the more ele-

vated positions of Pointe St. Ignace and Gros Cap, we find the marly beds
succeeded by a brecciated limestone, composed of what appears to be thin

argillo-calcareous beds, or lamina;, which often partially, or entirely, indu-

rated, have been broken up and mingled with a softer argillo-calcareous

mud. It may be very appropriately termed a brecciated limestone.* This
brecciated mass, in its lower parts, is composed of broken, thin-bedded

limestone, like the higher layers of the Onondaga salt group, or the thinly

laminated beds connected with the gypsum deposits of New York and
Canada West, which have been recemented by a calcareous mud. The
fragments are presented in every possible attitude, as if broken up by the

action of conflicting currents, though I was unable to detect the eflfects ol

anything like wearing action upon their edges.

In the brecciated beds, I have been unable to find any traces of fossils

;

but, in the succeeding strata, there occur numerous traces.

I cannot but regard the brecciated mass as terminating th^i Onondaga
salt r^roup, or perhaps more properly, as marking the era of the commence-
ment of the succeeding group, which, as will be shown, corresponds with
the upper Helderberg limestones of New York. Coming here directly upon
the former group, they show the absence of several important members
which are well developed in the st. These consist of the Tentaculite^ or

Water liiMstone, the Pentamcrus limestone, the Delthyris, or Shaly lime-

stone, the Encrinal limestone, and the upper Pcntamerus limestone, (con-

stituting altogether the lower Helderberg series,) together with the Oris-

kany sandstone and the Cauda-galli grit, xiil of these form well-marked
features in the geology of eastern New York, but are not recognized in the

western portion of that state. These gaps in the succession also occur at

Mackinac, so that the upper Helderberg series resis directly on the Onon-
daga salt group. A long interval lias, therefore, intervened between the

termination of one group and the coraiue'rcement of another, during which
these absent members were deposited at a point farther east; and two dis-

tinct faunas lived and died, without having left a trace of their existence in

the region under consideration.

It is greatly to be regretted that we have not an extended line of tins

brecciated limestone exposed, by which we might be able to form some con-

jecture as to the conditions of the ocean-bed during this interval. In west-

ern New York, the lower beds appear to have been undisturbed ; the upper
member exhibiting an apparently water-worn surface, while the succeeding

• The aspect of this rock is very similar to what may ho seen, on a email scale, in conn-
tries where calcareous springs are ahundi>nt. Tho thinly-laminivtcd and shaly limestone

mingleil with othtTs of a rnoro iiiasi-ivc character, being broken tm, becomes cemented
together by the calcareous depouit from th» springs, and forwi a mass not lulike some por-

tiona of .this Uiae»tojio.
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ho(\$ liavo been doj^osirod confoiraably upon it. There appears, then, to be
some evidence of ancient denuilation, tliough there has been no opportunity

of mrtking connected ohst;rvations.

From the examinations of Mr. Lapham, already referred to, it appears

that the Onondaga salt grouj), as a distinct member of the series, is not

recognized at Milwaukee ; and from its greatly diminished thickness at

Miickinac, we are warranted in concluding that it does not occur farther

west ; nor has it been recognized to the south or south-west of this point.

Our present knowlcflge, therefore, of this group, shows that it is represented

in its more easterly prolongation, by a thin band along the base of the

Helderberg mountains and along the borders of the Hudson river. It is

here the source of the immense supply of the hydraulic cement, conjointly,

perhaps, with some of the thin beds below. Tracing it westwardly, we
find it gradually expanding, until, in central New York, its vertical range

is a thousand feet in thickness, where it becomes the repository of the gyp-
sum beds and the brine springs. From that point, westwardly, it can be

traced, with a slightly diminished thickness, to the Niagara river, and

throughout all of this range, it forms the strongly marked plateau, inter-

mediate between that formed by the Niagara group, and that by the upper

Helderberg series,. In the western part of that state, it is characterized by the

presence ot^beds of gypsum and of brine springs, though of little econo-

mical value, and of springs of sulphuric acid. In Canada West, the pro-

longation of this group has been traced from the Niagara river to the shores

of Lake Huron. It is there characterized, also, by the presence of gypsum
and brine springs, and presents similar lifhological characters, though

greatly attenuated in thickness. We have been unable, for reasons before

assigned, to trace it uninterruptedly from the last named point into the

limits of our district, having detected its presence only on the island of

Mackinac and on Pointe St. Ignace.

We shall indulge, at this time, in no speculations on the origin and influ-

ence of this immense deposit, which occurs in the midst of the upper Silu-

rian series, superimposed ujion the Niagara and Clinton groups ; character-

ized, on the one hand, by at least three hundred species of fossils, peculiar

to the upper Silurian, and, on the other, by a series of calcareous deposits

marked by an equal iminber of distinct speciiis of the same age. In the

absence of the latter deposits, in this district, it marks a line of separation

between the Niagara group-and the u])per Helderberg series, which at pre-

sent is regard(ul as of Devonian age. In the succeeding pages, we intend to

consider the value and imjiortanct of these subdivisions, as they are pre-

sented lo us in the United States.

DEVONIAN SYSTEM— UPPER JELDERPEna SERIES.

The Schoharie grit, the Onondaga and corniferous limestones form a well-

marked scries known as the upper Helderberg limestones, and, according to

the prevailing belief, as before remarked, are to be ranked as members of

the Devonian system.

Although not entirely ciiextensive with each other, they constitute a ^roup

which, perhaps, is more persistent and uniform in character than any in the

United States. The iower meinber, where possessing its normal character,

is a siiieious limestone, becoming, in places, entirely calcareous ; and where

5^1
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it does not exist as a distinct member, some of its characteristic fossils may
be found in the beds at the base of the next succeeding group. As a whole,

it partakes of the character of the others in the increase ofcalcareous mat-

ter, as traced to the westward. The subdivisions, which are clearly defined

in New York, cannot always be recognized farther west, and it therefore

becomes desirable to speak of the whole collectively.

In the district under consideration, the only points wlir re these limestones

have escaped the general denuding action are the island and the peninsula

of Mackinac, where they form outliers of remarkable features. Resting on
the marly beds of the Onondaga salt group, the brecciated limestone sui)-

ports isolated, tower, or dome-shaped masses belonging to this group. Tne
rapidity with which the underlying rock is decomposed and removed has a

tendency to keep the base of the overlying rock smaller than the body of

the mass. The effects of this decomposition and denudation are well illu«-

trated at Gros Cap, on the west side of the peninsula of Mackinac. (Vide
Plate XVII.) The tower-like mass near the t>xlremity of the point is only

an outlier of the main body which skirts the sitoie, represented on the right

side of the sketch. The wearing action of the water upon the base of this

cliff is clearly indicated by its form : and though, for the present, partly

protected by the talus of fiillen fragjiicnts, it is ultimately destined to be
undermined and destroyed.

The whole island of Mackinac is another example of this kind of denu-
dation, but on a more extended scale. The limestones of this group are in

thin, irregular layers, such as would apparently result from deposition in u
chopped sea. The lower beds are somewhat argillaceous, but, in ascending

in the series, they become almost purely calcareous. The analyses show a
very small percentage of magnesia, and, in this respect, it differs in a very
remarkable degree from all the lower limestones, and particularly from those

of the Niagara group. In its thin, cuniform lamina;, with shaly matter
interposed between, it docs not essentially differ from the limestone of the

same age in the Helderberg range of New York.

As particular examples of denuding action on the island, we would men»
tion " The Arched Rock" and " The Sugar Loaf." The former, situated

on the eastern shore, is a feature of great interest. The cliffs here attain a
of nearly one hundred feet, while at the base are strown numerous height,

fragments which have fallen from above. The Arched Rock (Plate XVlfl,)
has been excavated in a projecting angle of the limestone cliff, and the top

of the span is about ninety feet above the lake-level, surmounted by about
ten feet of rock. At the base of a projecting angle, which rises up like a

buttress, there ir, a small opening, through which an explorer may pass to

the main arch, where, after clambering over the steep slope of d(-'bris and
the projecting edges of the strata, he reaches the brow of the cliff.

The beds forming the summit of the arch are cut off from direct con-

iiection with the main rock by a narrow gorge of no great depth. The
portion supporting the arch on the north side, and the curve of the arch

itself, are comparatively fragile, and cannot, for a long period, resist the

action of rains and frosts which, in this latitude, and on u rock thus con-

stituted, produce great ravages every season. The arch, which on one
side now connects this abutment with the main cliff, will soon be <lestroyed,

as well as the abutment itself, and the whole be ijrecipitaled into the lake.

It is evident that the denuding action, producing such an opening, with

other attendant phenomena, could only have operated while near the level 1
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of a large body of water, like the great lake itself; and we find a striking

similarity between the denuding action of tho water here in times past, and
the same action as now manifested in the range of the Pictured Rocks on

the shores of Lake Superior. As .m inforesting point in the scenery of this

island, the Arched Rock attracts much all<ntion, and, in every respect, is

worthy of examination.

Evidences of erosive and und(!rmining action are everywhere visible

along the cliffs of the island. On the south and south-east side, the for-

mation of beaches and the acoumuhition of talus at their bases, have pre-

vented the encroachments of the lake, and protected the cliffs ; but, on the

north-west side, where the winds have full sweep, the waves have under-

mined the strata, leaving overhanging cliffs above.

On the plateau of the ishind, w'lich may be one hundred and fifty or two
hundred feet above the lake, there are other evidences of this ^naracter, in

the occurrence of caverns and isolated columnar masses of li \estone. The
latter are, for the most part, of small magnitude, but there is one Avhich is

very conspicuous, and has received the name of " Sugar-Loaf." (Plate

XIX.) It is entirely isolated, and towers above the surrounding forest.

In its rough and weathered contour, the lines of stratification are not so

distinctly preserved in the sketch as they appear on close examination. It

appears, at on<! time, to have formed a part of a continuous mass occupy-

ing the summit of the island ; if so, it gives a thickness of about three

hundred feet to the limestones above the Onondaga salt group, which is

greater than at any other point where I have examined them. It is

scarcely to be conceived, however, that such a mass as the Sugar-Loaf
could have been transported to its present position by those agencies which
have dispersed the boidders ; nor is it necessary to resort to such a sup-

position ; for, immediately west, the ground attains a higher elevation than

its summit; and, although the underlying lOck is concealed by drift, it

undoubtedly is of the same character.

This assemblage of strata which was termed by Dr. Houghton, in his

survey of Michigan, the "Mackinac limestone," although separated from

all of the limestones of the northern peninsula, except that of Pointe St.

Ignace and Gros Cap, can, nevertheless, be identified with that of the

southern peninsula of (Canada West, and of New York, as well as with

that of the states to the west and south-v/est. From its known thickness,

in all these places, its appanjntly increased thickness on the island of

Mackinac is the more surprising. Our knowledge of this group, at the

present time, enables us to conclude, with great certainty, that the whole
fonned, at one time, an immense coral reef; and, at intervals, it is abun-

dantly charged with their remains. It is occasionally intermixed with sili-

, cious layers, or nodules, in the form of chert, and also with argillaceous

mud, which apparently proved unfavorable to the growth of the larger

corals ; but the smaller ones, with numerous Bryozoa and shells, appear to

have flourished.

So far as I observed, the Island of Mackinac and the adjoining coast,

furnish few of the larger corals, though Favosites and many species of

Cyathophyllideai are common. Farther south, however, in the neighbor-

hood of Presqu'isle, on the western shore of Lake Huron, where the upper
beds of this group come to the level of the water, the corals largely pre-

dominate, and the conditions of the ocean appear to have beeoi highly

favorable to their growth and development.

I
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In collecting fosslld about this island, one is liable to be deceived in regard

to the character of the rocks, since it often happens that those of the Ni-

agara group have found their way among the loose materials which have

been transported from the northern shore. Thus, the Catenipora, Heliolites,

and other corals of the Niagara group may be picked up at the base of

these cliffs, associated with those which have fallen from the clifTs above.

As a general remark, however, it may be stated that the fossils of the Ni-

agara are much oftener silicified than those of the group under consideration.

Owing to this fact, it might readily be inferred, without careful comparison,

that the Niagara group existed on the island of Mackinac and on the pe-

ninsula to the north-west. Notwithstanding, however, the great similarity

in aspect and color, they are very different in their chemical composition

and their associated organic remains.

Most of the fossils collected at Mackinac prove to be undescribed, but are

identical, however, with species which occur in the same rocks in New
York. Some of the smaller bryozOoid corals belong to the genus Tremato-
pora and Cladopora, while two or more species of Favosites were ob-

served. A few shells only were collected, and these, with a single excep-

tion, belong to the Brachiopoda. Among the trilobites was a Phacops,
resembling P. bufo and a species of Proetus, both apparently identical with

species which occur in the upper Helderberg range. One of the most
characieristic species, however, is the Phacops anchiops, characteristic of

the Schoharie grit. The specimens of the latter fossil, though consisting

only of portions of two bucklers, are so peculiarly characteristic, that I

cannot doubt the identity in age of these widely-separated localities. Al-

though it would have been desirable to identify a larger number of fossils

with those occurring in the corresponding series elsewhere, yet the evidence

is suflScient to remove this group from any below the Oriskany sandstone.

Id. :..

i' m
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CHAPTER XL

MISCELLANEOUS OBSKllVATTONS ON TUE TALiEOZOIC SERIES.

i

Extension of this Series Into Wisconsin.— Section by Mr. Lapham.—
Mr. Hall's Remarks.— Section by Mr. Whittlesey.— On the Origin of

the Basins of Lake Michigan and Lake Huron.— Mr. Hall's Remarks.

— Mr. Whittlesey's Observations on the Thickness, Bearing and Inclina-

tion of these Groups.— Evidences of Denudation and Subsidence, during

the Deposition of these Groups.— Effects of Oscillations on Jlnimal

Life.

Having given a descriptive account, in the last three chapters, of the range

and extent of the several ^' oups of the palaeozoic series which occur in our

district, and described their mineral characters and organic remains, group

by group, we next propose to offer some general remarks upoi», ilie assem-

blage of groups, their thickness, hearing, and inclination, the varying con-

ditions of the ocean in which they were deposited, and the extensive denu-

dation to which they have, in comparatively recent times, been subjected.

These remarks, from the variety of topics embraced in this chapter, must
necessarily be somewhat discursive in their character; but, at the same time,

they may serve to illustra.. some of the most interesting features in the

geology of our district.

n

i 11

)•!

i ,.

CONTINUATION OP THE PALJEOZOIC SERIES IN WISCONSIN.

To illustrate, still further, the succession of the palseozoic groups, as

developed in the north-we.st, we introduce the subjoined section and de-

scription by Mr. I. A. Lapham, of Milwaukee, a gentleman who has made
numerous and extended obse. vatioas on the geology of this portion of the

Silurian basin- This contribution of Mr. Lapham is the more valuable,

since it serves to fill up a blank between the Lake Superior and Chippewa
districts. Although his nomenclature of the groups is somewhat different

from that adopted by us, th< is little difficulty in identifying them with

their equivalents in our district.

"On the Geology.of the south-easfern portion of the State of Wisconsin;
being the part not surveyed by the United States Geologists, in a letter

to J. W. Foster, h ' ". Lapham of Milwaukee.

In answer to the seve^ \
'

^quiries in your letter, relating to the rocky

strata in the south-eastern j .u ion of the State of Wisconsin, I cannot, per-
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haps, do better than to exhibit and explain the accompanying section (Fig.

20) from near Milwaukee, on Lake Michigan, to Janesville on Rock nrer.
I. The Inferior, or Potsdam Sandstone, is I'omid at Janesville and above,

occupying the bed of the river. The grains are rounded, smooth, and
without apparent cement ; the roti- isily crumbles upon exposure ; color

white or red. The white variety laight be used for the manufacture of

class. The discovery, in 1841), of that singular and characteristic fossil

described by Mr. Hall as Scolitkus linearis (New York Pal. Vol. I. p.

2), in this rock, in Sa\i£ (

of the identity of this ro iw

reports. It occupies m h

Dane county, and is .sr

none to Janesville. li

Dodge county, prove to bt

granite. It consists almost

ma , he considered as settling the question
le Potsdam sandstone of the New York
ountics Marquette and Columbia, enter •>

iiai,' ill Rock river from Lake Koshko-
e ijuarries," .so called at Portland, in

(tamorphic sandstone, and not a true

iy of quartz ; and for building purposes,

ft ranks with the granites, and
[
asses generally by that name.

II. Cakiferous Rock of Eaton.— Resting immediately upon the sand-

stone, at Janes'- ille, is a limestone with grains of the same sand inter-

mixed, giving it the form and appearance of an iiolite limestone ; the

amount of sand diminishing as you rise from the surface of the sandstone.

It accords exactly with the description given of a portion of the calciferous

sandstone of New York, and contains the same fucoid, {Palaophycus tuhu-

laris,) as well as other characteristic fossils. Its character and relative

position also clearly show that it is the same rock that, further west and
north, is called the loioer magnesian limestone, by Drs. Owen and Locke.

III. The Blue, or Trenton limestone, is here, as in the more western

districts, a very thin layer, often penetrated in digging wells, &c. It pre-

sents everywhere its characteristic fossils, and is too well known to need
further notice.

The upper sandstone, noticed by Dr. Owen, does not appear on the east

side of Rock river.

IV. The Galena limestone. At Diamond Grove, and also at Fort Atkin-

son and White-water, is found the true lead-bearing rock, with fossils of the

same kind as those brought out with the rubbish at the lead-mines. It is a
soft, yellowish, magnesian limestone, very fully described in the report of

the United States Geologists for 1839, as well as by Mr. Hodge and others,

at an earlier day. It is usually identified, in distant localities, by the occur-

rence of a peculiar fossil coral, resembling the Coscinopora sulcata of Gold-
fuss, the tubes of which are sometimes filled with lead. The connection

of this rock with the superior strata is unfortunately obscured by large de-

posits of drift, so that its exact geological age cannot be clearly made out.
' Judging, however, from the fossils, we may assign to it a place coeval with,

or immediately succeeding, the blue limestone. It may, perhaps, be regarded

as a portion of the same formation ; at any rate, it is much more ancient

than the true geodiferous, or cliflf limestone, to which it has usually been

referred. In this part of the state, it does not contain lead, or other ores,

except in limited quantities.

V. Sandstone ?— Before we reach the rock next to be described, we
find, at various places, a narrow strip of sandy land, with occasional frag-

ments of hard, red, slaty sandstone ; thus indicating that there may be a
layer of sandstone here, concealed beneath the drift. Such places have

been observed from Kenosha to La Belle lake in th« north-western eomer oi,
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Waukesha county ; but, as no sandstone has been seen in j^lacc, its existence

mav be considered doubtful.

VI. Waukesha Limestone.— Throughout the county of Waukesha, is

foi&id a hard, white, or bluish-white limestone, which, as it appears to be
new, I propose to call the Waukesha limestone. It forms an excellent and
beautiful building material, being disposed in regular layers from a few
inches to a foot or more in thickness. It does not, however, receive a good
polish, being in many places filled with small, irregular cavities, occasioned

nrobably by the decay of some mineral substance. It contains but few
lossils : the most remarkable are two large species of Orthocera. These,
with a spiral-chambered shell and a Trilobite, are all that have been disco-

vered. The Waukesha limestone extends eastward along the Menomonee*
river of lower Wisconsin, to within three miles of Milwaukee, where it is

extensively quarried for buildijig purposes in the city. At this point it is

only thirty-three feet above the level of Lake Michigan, while at the vil-

lage of Waukesha, twelve miles west, it has an elevation of about two
hundred and fifty feet.

VII. ^ So/t, yellow limestone is found on the Menomonee river of

southern Wisconsin, resting immediately upon the Waukesha limestone.

The same rock occurs near Racine, and at other points on Root river ; also

at the Menomonee falls and at the falls of the Milwaukee river in Washing-
ton county. It may be considered as only the lower portion of the next
rock.

VIII. The geodiferous limestone of Eaton, or JViagara limestone of
the JVew York reports. — This rock is very well characterized, and exhi-

bits many of the fossils of the geodiferous rock of Lockport and the Nia-
gara falls. Its hardness, numerous cavities, or geodes, its want of regular

stratification, as well as its palaeontological character, all go to show its

identity with that rock. It extends, with some interruptions, along the

whole length of Lake Michigan from Chicago to Porte des Morts, the en-

trance of Green Bay. In the vicinity of Milwaukee, it is well developed,

and affords an excellent material for the manufacture of lime. Both the

Niagara and Clinton groups of New York appear to be represented in Wis-
consin by this one limestone. The extensive beds of oolitic iron ore, found

in Dodge and the western part of Washington counties, are connected with
a limestone supposed to be the same as that now under consideration.

IX. A shaly limeitone is found at one locality, representing some of

the formations that, in New York, are interposed between the geodiferous

and the corniferous limestones.

X. Corniferous Limestone of Eaton.— The most recent of the rock
formations, properly so called, found any where in Wisconsin, is the lime-

stone that, at Louisville, Columbus, and Sandusky, lies immediately below
the black shale ; being the upper part of the cliff, and corresponding with
the corniferous limestone of Eaton, as found in the state of NewTork.
This is known by its position, as well as its lithological and fossil characters.

It occupies the shore of Lake Michigan and the bed cf the Milwaukee
river, for several miles above its mouth, but does not extend far towards

the interior. Hydraulic limestone is found associated with it at Louisville

and other places. This and the last preceding rocks occupy but a small

extent of surface in this state.

Ibis is Qot to 1)9 confounded witb th« U«nomone« of Qreon S»7.
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The black, bituminmis shale (Marcelius shale of the New York reports)

16 found in numerous fngraents in the drift near Milwaukee ; thus indicating

that it formerly existed at no great distance ; but it has nowhere been fou^
in place. •

Connecting these observations with those of Drs. Owen and Locke on
the west, it will be seen thot there is an anticlinal axis extending along the

valley of Rock river, from which the strata are inclined eastwardly towards

Lake Michigan, and westwardly towards the Mississippi. Rock river,

therefore, has a geological position quite analogous to that of Cincinnati

;

the only ditference being, that there, the blue limestone is the lowest rock,

while in Wisconsin there are two or three groups below it.

It will be seen, also, that Lake Michigan occupies (like Lake Superior) an
ancient basin, of which the hard geodiferous limestone forms the edge or

rim. The soft, shaly strata that, m Indiana, Ohio, and New York, occupy
ihe next succeeding geological periods, appear to have been swept away to

make room for the waters of the present lake. This is more fully illustrated

in the accompanying diagram (Fig. 21.)"

Milwaukee.

Fig. 21.

L. Michigan. Grand Ilaven.

Section across the Basin of Lake Michigan.

1. TVankesha limestone.

2. Hard, geodifcrous limestone.

3. A soil, shaly limestone.
4. Shales.

It will thus be perceived that the observations of Mr. Lapham verify, in

almost every particular, those which have been incorporated in the preced-

ing pages. They show the necessity of recognizing, throughout the whole
northern range of the palaeozoic groups, from New York to the Mississippi,

essentially the same subdivisions.

Since the foregoing communication wtus received, Mr. Lapham has sent

us some additional facts which serve <o illustrate his general views. He
states that, on penetrating the limestone on the top of the ridge above the

iron ore, fossils of the Niagara age have been obtained, and, also, that be-

low the iron ore at Hartford and at the Iron ridge, as well as at the north-

east corner of Lake Winnebago, a soft, blue shale has been found ; thus

corroborating the view taken by Mr. Hall, as to the age and position of this

ore, though he was unable to trace its connection with the rocks, above and
below.

With reference to Mr. Lapham's section, Mr. Hall remarks :
** The sand-

stone. No. v., conjecturally marked, holds the place of the Hudson-river

group, Medina sandstone, and the lower, or arenaceous part of the Clinton

group. It is not improbable that a meagre representation of these may
occur in the line of the section, since our observations on the shore of Green
Bay would prepare us to expect such a condition here ; besides, the iron

ore and shale of the Clinton group have been traced to within a short dis-

tance oi' the line of the section.

I am inclined to regard the Waukesha limestone, No. VI., the soft,
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ytnow Ifaneatone, No. VII., and the geodiferous fimeston*, No. VIII., as
constituting the Niagara, and the calcareous portion of the Clinton group.
The Waukesha limestone, as I saw it near Milwaukee, is a thm-bedded,

argillaceous deposit containing few fossils ; I collected from it, however, Or-
thoceras tmdulatum, and 0. virgatum. I saw the same in Mr. Lapham's
cabinet, with another species from this member of the series ; also, a species

of Gomphoceras, like that occurring in the Niagara shale at Rochester and
in the limestone at Niagara falls (Pal. N. Y. II,, p. 290) ; also, Spirifer
lineata, and a flattened Trochus-like shell, similar to a species occurring in

a limestone of this age on Lake Michigan ; and a species of Cyrtoceras, and
Calymene Blumenbachii, var. niagarensis. Among the fossils from the
lower geodiferous limestone, in Mr. Lapham's cabinet, I saw Favosites nia-
garensis, F.favosa, or striata, Diplophyllum, crinoidal joints, Caryocrinus
omatus, Eucalyptocrinus decorus ? and Orthoceras undulatum.
From the upper geodiferous limestone, there were the two species of the

Favosites just mentioned, with a third one ; two species of Heliolites, Ca-
tenipora escharoides and C. agglomerata, Sarcinula ? Diplophyllum, Cysti-

phyllum, Stromatopora concentrica, Pentamertis ohlongus, Pentamerus, n.

«p., Spirifer niagarensis, Atrypa reticularis, A. obtusiplicata, Orthis hy-
hrida, Orthoceras undulatum, Calymene Blumenbachii, var. niagarensis,

Bumastis barriensis, Ceraurus insignis and Sphcerexochus— ?

All these, with one or two exceptions, are known Niagara species, leaving

no doubt as to the age of this limestone, which, in its lithological characters,

—also having cavities lined with crystals—resembles the Niagara.

The fossils of the corniferous limestone. No. X., in Mr. Lapham's col-

kction, are mostly undescribed species. Among them, however, I recog-

nized Phacops bufo, an Avicula, like one in the Scoharie beds, and an

acephalous bivalve shell, similar to, if not identical with, one in the Sco-

Iiarie grit. In their general characters, the fossils from this group resemble

those of the upper Helderberg series of New York ; and, though I had no
opportunity of making a direct comparison of ^'limens to prove their iden-

tity, it is, nevertheless, certain that they are ; ; any of the known species

of the Niagara group.

Admitting this to be true, the shaly limestone of Mr. Lapham's section

represents the Onondaga salt group, which, however, has so far thinned out

as to be of little importance. I had no opportunity of seeing the two last

members in place ; but the specimens of the shaly limestone are very simi-

lar to the thin layers of hydraulic limestone in the upper part of the Onon-

daga salt group of western New York.

The higher limestone, a few feet only in thickness, as seen at Milwaukee,

when compared with its thickness, as developed along the northern extre-

mity of Lake Michigan, shows either a rapid diminution, or an enormous

denudation ; the latter is probably true."

In order still farther to illustrate the geology of this part of Wisconsin,

we append a section across the formations, from the granite to the summit

of the upper Silurian, by Mr. Whittlesey.

'I:iiill!
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Bemarks upon the Section from the Falls of Wolf River, through Jfava-

rino to Lake Michigan,

By Charles Whittlesey.

Formation 1. Igneous Rocks.— In 1849, while connected with the survey

of the Chippewa land district, in Wisconsin, I penetrated from Green Bay,
across the sedimentary beds, to the borders of the igneous rocks, ascending

the Oconto river, and crossing westward to the ialls of the Wolf river.

Previous to that time, Messrs. Ellis and Conkey, of Green Bay, United
States deputy surveyors, had subdivided a tract west of the Menomonee
river, as far as range 20 east, and north to township 38, at the Big
Bekuenesec falls, and had collected specimens of the rocks for the Land
Office. The surveyed district extends no farther into the interior than the

sources of the Oconto, and the falls of Wolf river ; so that that part of

Wisconsin beyond these points is, as yet, unexplored. The falls, which
ponsist of a series of chutes, descend twenty-one feet, besides intermediate

rapids, in the distance of one and a half miles. At these falls there is an
abundance of excellent, red, coarse-grained syenite, which passes, in some
places, into granite. This rock rises above the banks of the stream, attain-

mg, in some places, an elevation of fifty feet, and is covered by heavy
deposits of drift. This is in township 28 north, range 15 east.

On the Oconto, in township 31 north, ranges 16 and 17 east, the same
red syenite and syenitic granite are seen, and are there overlaid by the

Potsdam sandstone ; they extend westward and northward for a distance of

ten or twenty miles. For the detailed description of these rocks, the

reader is referred to my report to Dr. D. D. Owen.
Between the Oconto and the Menomonee, according to Messrs. Ellis

and Conkey, the country is occupied by syenite, granite, hornblende-rock,

greenstone, and trappean rocks.

No. 2 Potsdam Sandstone.— The junction of this rock with the under-

lying igneous masses, is nowhere visible. The sandstone is here exceed-

ingly friable, so that it may generally be easily crushed between the fingers,

there being no cement between the silicious grains. For this reason it has

been extensively denuded, so that, here and there only, a trace of its

former existence is still lelt remaining. The exact line of junction

between the sandstone and the granite, is covered by drift, both on the

Menomonee, the Oconto, and the Wolf rivers. The sandstone is visible

in township 28 north, range 18 east, on the Oconto; in township 22
north, ranges 15 and 16 east, near the Wolf river ; and in township 16
north, range 12 east, between the Fox river and Green lake.

No. 3. Calciferous Sandstone.— The junction of this rock with the Pots-

dam sandstone was seen and examined by Mr. Hall, at Pleasant Valley,

Wisconsin, township 16 north, range 12 east ; and also by myself in town-
ship 22 north, ranges 15 and 16 east ; but its upper limit was nowhere
clearly recognized. The exposure at the falls of the Oconto in the south-

east part of township 28 north, range 19 east, is probably near the junction

of this rock with the Chazy and Birds-eye limestones ; no fossils were ob-

served here.

No. 4. Chazy, Birds-eye and Trenton Limestones.—Whether a division

can properly be made between these three groups, as recognized in New
York, is not yet determined, and I have, therefore, included them under

c

£
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one number. There is no distinction recognizable in them from their litho-

logical characters, and too few fossils have been, as yet, discovered to allow
of their being classed according to the palaeontological evidence.

There is no difficulty in fixing the upper limit of the Trenton limestone,

either by its fossils or from its lithological characters. The soft, marly
beds of the Hudson-river group, or " blue limestone," rest directly upon th«

Trenton limestone, and their lithological character has had a marked influ-

ence on the topographical features of the country west of Green Bay. The
bay itself, as well as the low, flat country which gently declines towards it,

from the west, have resulted from the denudation of this group by drift-

agencies; the hard Trenton limestone, which now occupies the siuface, did

not yield to the denuding effect, while the blue, soft marls were easily

excavated and removed.

No. 5. Hudson-river Group, Blue Limestone and Marls, cf the Ohio
Reports.— Th's group, which is seen at Bay des Noquets, on the west side

of Green Bajr, passes obliquely along its bed and appears on the eastern

shore, and at its southern extremity.

No. 6. Clinton Group.—^This group is well-defined and easily traced,

from Big Bay des Noquets, along the small islands, between Chambers's
bland and the eastern shore of Green Bay ; thence, as seen by Mr. Hall,

on the eastern shore, near Sturgeon Bay ; again, in the bluffs west of " Des
Peres" (Depere or Depeer), and farther south-west, on the bluffs which
overhang Lake Winnebago, on the east. It is nowhere a thick, or heavy
bed, but is well known for the beautiful white lime which it furnishes.

No. 7. Niagara Group.—It is not yet determined whether there should
be a higher formation, or formations, represented on the line of this section

;

but what is included here under the head of the Niagara group, probably

embraces two of the next superior beds of the New York system. By re-

ference to Mr. Lapham's section, it will be seen what are his views and
observations respecting this division. My section strikes Lake Michigan in

township 22 north, range 24 east, about twelve miles north of Twin rivers,

and near where Mr. Lapham places the lower face of the " geodiferous

lime-rock." This group presents another instance of the intimate connec-

tion between the geological structure and the topographical features of a
coimtry. The Niagara limestone, consisting of a close, compact and dura-

ble mass, overlies the marly beds of No. 6, and the yielding strata of No.

7, protecting them from erosion. It presents a series of mural fronts along

the bay, facing the north-west, while its surface declines gently with the dip

towards Lake Michigan, exactly in the same manner as the Trenton does

towards the bay. For the particulars of the dip and thickness of these

n formations, the reader is referred to another portion of this chapter, where
I have discussed this subject, embracing all the rocks of the north and wes
shore of Lake Michigan.

a. a. Red Clay and Drift.—As above remarked, there are, on the linf

of the section between the Wolf river and Green Bay, extensive deposits

of northern drift. The drift hills about the head of the Oconto and around
Shawanse lake, are discussed in the report on Wisconsin.

From the falls of Wolf river, southerly, beds of red clay occur, inter-

stratified with the coarse drift : they become more heavy and numerous, as

we proceed towards Green Bay, until, at Appleton, the red clay consti-

tutes the mass of the superficial deposits. It is there about one hundred

feet thi(^, a&d ;$sts ca t£i9 T;€&to& Usiestcss (No^ 4); as at Navarino, a^
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this place, it fMuerf b(*fieath the s irface of the waters of Green Bay ; and

here are tiuuk the wells, of which the details of the borings will be ifound

in the Appendix.

Passing over the crest formed by the Niagara limestone at Lake Winne-

bago, the same clay and drift beds continue most of the Way to Sheboygan.

Tteir thickness is very considerable, but their extent on the line of this

section is not known. At Green Bay, as at Lake Winnebago, it occurs in

patches, filling the depressions in the stratified rocks, at various elevations

from the level of the water to the top of the bluff. From Sheboygan, I

have traced it to the southward, and found it gradually changing to a pur-

ple, and finally becoming a blue clay like that of Lake Erie ; I am, there-

lore, satisfied that all these varieties of clay belong to one formation.

ORIGIK OV THE BASINS OF LAKES MICHIGAN AND HURON.

It has been generally supposed that the immense depressions which con-

stitute the basins of Lakes Michigan and Huron, and which reach below
the ocean level, Fiad their origin in great, transverse fissures, or dislocations

of the strata. The evidence, collected during the progress of this survey,

shows conclusively that this has not been the case, but that, on the con-

trary, they must be regarded rather as the result of an extensive denudation

and excavation of the more yielding strata, and that there is no evidence

of any system of faults or dislocations in the region occupied by them.

Mr. Hall has summed up the evidence with regard to this point, in the

following remarks

:

" From the examination of this region, it appears that Lake Michigan
has been, to a great extent, excavated from the Onondaga salt group and
the njyper Helifcrberg series, while the Niagara limestone, being harder and

more indestructible, forms its western border, from one extremity to the

other. From the breadth of country over which we find vestiges of the

Onondaga salt group and the upper Helderberg series, in the northern parts

of Lakes Huron and Michigan, we are warranted in the conclusion that at

least two-thirds of the latter lake, in a direction conforming to its trend,

has been excavated from these limestones. The eastern portion of Michi-

gan is in the shaly sandstones, which are superior to the upper Helderberg

series, correspomung to the beds No. 4, in Mr. Lapham's diagram (Fig.

These observations, to a great extent, are applicable to Lake Huron.
The Niagara limestone there forms a barrier, occasionally broken through,

extending along its northern shore, embracing Cabot's Head and the Grand
Manitouun islands. It dips southerly, so as to leave the Onondaga salt

group and the upper Helderberg series to the south ; and the area once oc-

cupied by them is now covered by the waters of this lake.

_
Thus, the beds of these two great lakes occupy precisely the same posi-

tion with regard to the geological series, having been excavated in the

same beds, and occupying opposite sides of a low, synclinal axis. The basins

of these lakes have not been caused by any upheaval of the strata, except

so far as the whole country has been raised, by which these strata were
brought within the operation of denuding forces.

whatever of evidence there may be elsewhere of the effects of a denu-

ding force operating in an eastern and western direction, it appears to me, in
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these examples, we have the most conclusive proof of a force having acted

from north to south. In this direction, the lakes have been excavated in

the trend of the strata ; while the same groups, equally exposed, and as

easily destroyed, are left as outliers, almost continuous, in the neighbor-

hood of Mackinac.

We can only account for this fact, on the supposition that the shales and
the shaly sandstones of the southern peninsula afforded a more resisting bar-

rier to the denuding forces, which were turned to the right and the left.

The water, the chief agent of excavation, found here a more ready outlet,

and swept before it, in its resistless force, the excavated materials from these

basins, while the northern point of this peninsula is left covered with the

finer sediments derived from-the destruction of the sandstones.

To form a correct idea of the force of this argument, the observer

should place before him a map of the United States, and upon it indicate,

by a colored band, the range of the Niagara group, from the peninsula of

Green Bay, southward along the western border of Lake Michigan, and
extending inland to a width twenty-five or thirty miles, and he will have
a pretty correct idea of the geological position of the lake. Let him
represent, by a parallel band, differently colored, the Onondaga salt group

and upper Helderberg series, and he will observe that the lake now covers

very nearly their ancient limits. Again, on the east, protract the Niagara
limestone, from Druramond's island along the southern part of the Mani-
toulin group, and thence, by Cabot's Head, towards Lake Erie, and we
will find that the same observations are true with regard to Lake Huron.
The continuation of the Onondaga salt group and upper Helderberg

limestones, from the peninsula of Canada West, in the direction of

Mackinac, is interrupted by the lake basin.

At Thunder Bay, on the western shore of Lake Huron, we have the

occurrence of the upper Helderberg limestones, while Cabot's Head, on

the opposite coast, is occupied by tne Niagara group, giving the interme-

diate space as the width once occupied by the superior groups, but which
have been removed by denudation.

The direction and contour of these lakes, th ., have resulted from the

bearing and the yielding character of the beds w'lich once occupied the

watery surface ; but, towards the north, their irregular and broken outline

has resulted from the destruction, in places, of the shaly beds below the

Niagara group.

These general observations apply with equal force to the lower lakes

—

Erie and Ontario."

We here offer the results of Mr. Whittlesey's observations on the thick-

ness, area, dip, &c., of the palasozoic groups described in the foregoing

chapters. They may be regarded as approximations ; but entire accuracy,

where the whole thickness of the groups is nowhere exposed, is unattain-

able.

The I){p, Bearing, and Thickness of the Silurian Groups,

By Mil* WiiiTTLEsfiV.

" The inclination df the sedimentary rocks of the peninsula between lakes

Huron and Michigan on the south, and Lake Superior on the north is very
slight; but regular.
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In groups like these, possessing similar external characters, it is difficult

to identify beds and lines of stratification at remote points, and therefore

not easy to determine their exact dip ; but, where this can be done with

accuracy, over large aieas, it is a plain mathematical problem to determme
their precise thickness. On no part of the north shore of Lake Michigan

did we discover lines of strata m the limestones which could be safely said

to be continuous for many miles together. From the superior face of the

I lower, or Potsdam sandstone, to the top of the Mackinac limestone— a

,
vertical thickness of at least one thousand feet— the beds are entirely cal-

,
careous ; and although these beds may be separated, without great difficultjr

,

into geological groups, the lines of separation can only be fixed approxi-

matively. For the purposes of measurement, something more precise is

desirable.

Along the western shore of the St. Mary's river, the Potsdam, or lower

sedimentary rock, is seen, with the Birds-eye and Trenton limestones

superimposed, succeeded by the Clinton and Niagara groups; but dividing

lines have not been discovered and probably do not exist. These groups,

with the exception of the sandstone, graduate into each other, and are

recognizable, not so much by lithological characters as by their included

fossils.

All observations agree in showing that the outcrop, or edges of

these groups are curved, and that the convexity is towards the north.

Between Lakes Sufjerior and Michigan the lines which indicate the bounda-
ries of the rocks will be seen on the map, where the breadth of each sub-

division is indicated by an appropriate color. These bands are concentric,

their outlines being rudely parallel, and the curves approaching in form

an ellipse, of which the greater axis is east and west.

In theory, the general direction of the dip is known at once, when
the line of outcrop is determined; for if, as in the present case, the

rocks are not disturbed by upheavals and the country is comparatively

level, the dip is at right angles to the line of bearing— the one being a
radius and the other a tangent to the curve of outcrop. The radius of

curvature in the strata which encircle the northern shores of Huron and
Michigan proceeds from a point at, or near, the centre of the lower penin-

sula ot Michigan, where the greatest depression of these beds will be found

;

consequently, as .might have been predicted, it is at that point that the

most recent groups are seen, such as the coal-seams, shales and sandstones

of the carboniferous era, occupying the deepest depression in the great

geological basin of Lakes Huron and Michigan.

The observations of Nthis season complete the circuit of the Silurian

groups of the northern part of the United States, connecting, through the

upper peninsula of Michigan, those of New York and Canada on the east,

with those of Wisconsin and Minnesota on the west.

These groups, in the - northern peninsula, known as the Lake Superior

district, are rarely exposed, being covered by thick deposits of drift, sus-

taining a heavy growth of timber ; but, along the coast, where it is inter-

sected by inlets and bays, the rocks are sufficiently exposed to enable us to

determine their outlines with sufficient exactness for general purposes.

Since they are the repositories of none of the valuable metals, minute ac-

curacy in this respect is of no practical importa?flce.

Taking Mackinac as a starting point, where t,he inclination of tne strata

is south and the bearing east ana w§st, and proceeding thence westwardly,
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we should expect t« see • change m the direction of the line of dtp, and
our local observations confiniifd lliis exi)ectation ; for their dip was found

to vary regularly towards the eastward, until, on reaching Point Detour, at

Great Bay des Noquels, it was found to be nearly south-east. Following
the coast past Death's door, or Porte des Marts, to Sheboygan and Mil-
waukee, wnere the Niagara limestone forms a sea-wall, the dip is observed

to become more easterly, until, at the latter place, according to the obser-

vations of Mr. Lapham, it becomes due east.

As regards the amount of dip, I have already adverted to the difficulty

of making a correct estimate. We have had, however, some good oppor-

tunities of calculating the amount over large areas, where the observations

were worthy of credit. The surface of the Potsdam sandstone is well-

defined, being overlaid by a rock—the calciferous sandstone—widely dif-

ferent in external characters ; but it has not been practicable, with the means
at our command, to take accurate levels of all the points where it would be
desirable.

We have the means of making tolerable estimates of its elevation at

several points, connecting it, by snort levels, with lakes and rivers whose
altitude is pretty correctly determined. For the other elements of the cal-

culation, VIZ : courses and distances, nothing is wanting, for we have the

aid of the linear surveyors, who have subdivided a large portion of the ter-

ritory into tracts of a mile square.

Before entering upon the general dip of the several groups, we will pro-

ceed to notice some minor deviations and irregularities.

Local Dips.— From Saut Ste. Marie, along the western bank of the St.

Mary's river and the straits of Mackinac, as far as St. Martin's B?y, no
good opportunity occurs of estimating the dip of the strata. Wherever
they are exposed, the lines of bedding are indistinct and by no means con-

tinuous. There is, however, evidently a slight inclination to the south.

On the east side of St. Martin's Bay, there is a local dip to the S.S.W. of

thirty or fifty feet to the mile, but, at the mouth of Pine river, it changes to

the south or south-east. At the mouth of Carp river, on the west side of
the bay, another irregularity is observed. At the first rapid, one-fourth of

a imle from its mouth, it is from 1° to 2° N.E. by N. Ascending the

stream, the strata become horizontal, but, farther up, a mile from its mouth,
the dip becomes rc^'<;rsed, being S.W. by W., but is very slight. The bold,

rocky cliffs of St. Ignace show a perceptible inclination to the south, but

no well-defined lines, capable of being measured, are observed. The same
may be said of the coast line, as far as Seul Choix. Here, the upper face

of the Pentamerus member of the Niagara group has a marked undulation,

the axis of which is nearly north-west and south-east.

From Pointe aux Chenes to the last mentioned place, the rock is seldom
observed to rise above the surface, and the inference is, that, within this

distance, there is no irregularity in the inclination, for the irregular outline

of the coast seems to be due, in the main, to this cause.

At the extremity of the Pointe Seul Choix, the dip is 2° south-east, the

strata gradually bending around to the southward ; but, about a mile far-

ther west, they are observed to plunge, at first, S. 60°E. 6°, and still

farther west, S.E. 7°; thence S.E. 5°; and at the harbor, S. 25°W. 7°;

and one mile west of the harbor, S. W. 3°. Eight miles west of Seul

Choix, I had the first opportunity of measuring the dip on a smooth flat

surface of the limestone, and found it to be S. 30° E. ^°. Th«n«e, to the
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Manifltee river, a slight, bnt regular dip was observed to the south-east.

At the mouth of this river, and at Indian lake, on the west fork, as well as

the rapids between the two points, there was a very perceptible and uniform

dip to the south-east, varying from 4° and J° to 1" Up the main stream,

as far as the north boundary of township 44, range 13, the rocks are -too

indistinctly exposed to determine their inclination. Four miles westward ly
of the Manistee, the southerly dip is very slight ; at Orthoceras Point,

twenty miles S. W., it is a few degrees to the east of south, and at Pointe

Detour, it is still more easterly, but subject to a local undulation— proba-

bly a repetition of that at Seul Choix. On the east side of the point, the

plunge is S. E. 3", at the extremity S. 1°, but, on the west side, it is fron»

4° to J° to the S. W. by S.

The first lines of stratification, which could be considered as of much
value in determining the inclination of the beds, were observed on the eastern

side of Great Bay des Noquets. Here, in the high bluffs, occur alternating

bands of coarse and fine-grained materials, which are visible for long
reaches. A particular stratum, which is here two hundred feet above the

lake-level was identified near the surface, opposite the most westerly of
the Summer islands,— a distance of six miles. This would give an incli-

nation of S. E. by S. of thirty-three and a half feet per mile.

Another coarse-grained stratum, which occurs in these bluffs, was ob-

served to sink at the rate of thirty feet in the distance of one and a half miles

on a meridian line ; another sank thirty-five feet, in IJ miles, on a course

S. 20° E. Passing among the Summer isles, the dip was everywhere
observed to be to the S. E. and S. E. by E., at the rate of forty to forty-

five feet per mile. On the w^est side of the main island, it was greater,

being one foot in one hundred, or fifty to sixty feet per mile ; but, crossing

to the next island, one mile west, it was very slight. Although the local

deviations are here numerous, yet the general direction is to the south-

east. Between this island and St. Martin's, there are three smaller ones,

about two miles distant, on the northernmost of which there is little incli-

nation in the beds ; but, at St. Martin's, it is very perceptible and regular

to the south-east, at an angle of forty to fifty feet in a mile.

On Light-House island it is the same in direction, but irregular in

amount. On Potawotomee island, in the high cliffs north-west of Wash-
ington harbor, there is a well-defined stratum of coarse-grained rock,

which, at the point, is twelve feet above the water-level ; one-third of a

mile south, it is eight feet, and one-third of a mile east, it is three feet.

This gives a dip of about thirty feet to a mile, in a south-east direction.

Thus, all the observations in the vicinity of Green Bay coincide in the

direction of the line of greatest dip, and show no undulations in the strata

;

a fact to be remembered when we consider the question of the total thick-

ness of these beds.

We now proceed to the discussion of the more extended lines of dip, so

far as they have been determined.

Extended Lines of Dip.— The elevation of the upper surface of the

Potsdam sandstone has been determined by Mr. Lapham, at Janesville,

Wisconsin, (in township 3 N., range 12 E.,) to be one hundred and
sixty feet above Lake Michigan ; and by myself, in 1849, while engaged
in tne survey of Wisconsin under Dr. Owen, near the Wolf river, (town-

ship 22 N., range 16 E.,) to be one hundred and ten feet above Lake
Winnebago, which is stated, by Captain Cram, to be one hundred and
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sixty, and by Mr. Alston, to be one hundred and sixty-five fcet above

Lake Michigan, making, say two hundred and seventy feet. The upper

surface of this belt, where intersected by the Menomonee river, is between

fifty and sixty feet above Lake Michigan. At the centre of township 39,

range 28, of the Michigan meridian, I estimate its height at three hundred
(tot. At the Pictured Rocks, Lake Superior, it is at about the same eleva-

tion above the surface of that lake, which is supposed to be about forty-six

feet above Lake Michigan. Where the St. Mary's river crosses this band,

on Sugar island, the elevation is but a few feet above the surface. The
bearing and distance of these several points have been determined by the

public surveys.

Line No. 1. From Janesville to Township 22 N., Range 16 E.— Wis-
consin meridian— course N. 11° E. ; distance one hundred and twenty-

six miles ; rise one hundred and ten feet.

2. From Township 22, Range 16 E.— Wisconsin meridian— near Wolf
river, to the Menomonee river in Township 34, Range 28 W.— Michigan
meridian— course N. 27° E.; distance sixty-two miles ; descent two hun-

dred and twenty feet.

3. From the Menomonee river, west side of Township 34 N.. Range 28
W.— Michigan meridian— to the centre of Township 39 N., Range 28
W. ; course N. 6° E. twenty-eight miles ; rise estimated at three hundred
feet.

4. From the crossing of the Menomonee to the Pictured Rocks ; course N.
J}5° E,. eighty-four miles ; rise estimated at three hundred feet.

5. From the first-mentioned point to the crossing of the St. Mary's river,

at Sugar island, N. 68° E. ; one hundred and ninety-two miles, descent

estimated at forty feet.

6. From the Pictured Rocks to the last-mentioned point; east one hun-
dred and twenty-three miles ; descent estimated at two hundred and ninety

feet.

By combining any two of these lines so as to form a plane, it will repre-

sent the inclination of the surface of the sandstone (disregarding the spheric-

ity of the earth), and by a simple geometrical constrm tion, the bearing

and quantity of the dip, or line of greatest descent, are easily obtained.

Lines Nos. 1 and 2, combined in this manner, give for the dip of the lower
sandstone in Wisconsin, 14.3 feet per mile in the direction S. 76° E. Nos.
2 and 3, at the crossing of the Menomonee give for dip thirty-nine feet per

mile, course S. 68° E. Nos. 3 and 4, at the centre of Township 39 N.,
Range 28 W., 11.2, along a course S. 30° E. Nos. 4 and 5, course S. 23°

E., give a dip of seven feet per mile.

The disadvantage in rising lines like these, along the line of outcrop, is,

that they do not make the best angles with each other ; but, in a level

country, no others can be obtained. They do not in general represent the
(lip as great as it really is, or would appear to be, if tney were protracted
to the centre of the basin. Those above given are nearly coincident with
the lines of bearing along the northern anrl western margin of the Silurian

groups.

The Hudson-river group, or that portion known as the Cincinnati blue

limestone of the Ohio reports, is so marked in its external characters and
zoological contents, that it is easily recognizable. By the. aid of Mr.
Lapham, I have been able to obtain two lines along its outcrop, which may
be regarded as approximately correct.
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No. 1. From Stockbridge, Calumet county, Wisconsin, to the north line

of township 26 N., range 23 E., on Green bay. Course N. 32° E., fifty-

eight miles ; descent two hundred and sixty feet.

No. 2. From the first-mentioned point, S. 30° W. 56 miles, to the north-

west corner of township 10 N., range 14 E. ; rise twenty feet.

This would give the line of dip S. 75° E., at 13.8 feet per mile, which
corresponds very well with the results before given.

By my measurements and estimates in the bays and among the islands

near the entrance to Green Bay, the dip of the superior members of the

Silurian system was detennined to be S. E. and S. E. l)y E., at the rate of

thirty or forty feet to the mile.

Mr. Lapham, who has carefully examined the various groups in the

vicinity of Milwaukee, estimates their dip at from fifteen to seventeen feet

per mile, due east. The best estimate which I have been able to make
from observation between Fond du Lac of Lake Winnebago and Sheboygan
gives about seventeen feet per mile in a direction S. 65° E.

Between the Manistee river and Point Detour, the inclination is 3- E. by

S., forty feet per mile; and in the vicinity of Mackinac, S. at the rate of

thirty or forty feet.

Thickness ofthe several Groups.— The Mackinac limestone, which is the

equivalent, in part, of the Onondaga salt group—the superior member of the

Silurian series — and the upper Helderberg limestone, is, by my measure-

ment, three hundred and fifty feet in thickness. Below this, is a thin, marly

bed, containing gypsum, which probably does not exceed fifty feet.

Classifying the beds without reference to organic remains, the next

member, in the descending order, may attain a thickness of one hundred

and fifty or two hundred feet, although its exact measurement is impracti-

cable. It is characterized by numerous corals, and hence may be desig-

nated as the coralline bed.

Next succeeds the Pentamerus limestone, cropping out north of Macki-
nac, where it appears thinner than farther west ; but it is difficult to esti-

mate its thickness, so slightly is it exposed. It appears on the coast at

Seul Choix and continues thence beyond Porte des Morts, having, at the

entrance to Green Bay, a thickness of four hundred and eighty or five

hundred feet. The groups from Mackinac to Seul Choix curve gradually

to the south and pass into the lake. The upper portion of the Pentamerus

bed is seen on Drummond's island and on the St. Mary's river — the

dividing line between it and the coralline bed passing in a curvilinear form

from Seul Choix to the northward of St. Martins' ]5ay, and thence to the

St. Mary's river, a few miles above the Detour light.

It is difficult to obtain the thickness of the subordinate groups, consisting

of the Hudson-river, Trenton, Birds-eye and Chazy limestones, and the

calciferous sandstone, superior to the Potsdam. If we knew their precise

dip and area, the calculation would be comparatively easy. For the dip,

we should take a medium between the upper and the lower groups, since

the inclination of the superior strata is greater than the inferior ; but, in the

interior, where the intermediate groups exist, their presence is almost en-

tirely con!C3aled by drift, and they cannot, by direct observation, be sepa-

rated. They occupy a belt of country about forty miles in width, on the

waters of Green Bay ; their easterly boundary passing from Sturgeon Bay
through the middle of Great Bay dcs Noqucts, wliile their westerly boun-

dary crosses the Wolf, Menomonee, Oconto and I']scanaba rivers, on a line
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nearly parallel with one through Green Bay, and about forty-five miles dis-

tant to the north-west. If the average dip of these intermediate beds be

assumed at twenty-live feet per mile, on a line of forty miles across the

basset edges of the strata, the rise would be one thousand feet ; but the

surface of the country has also risen from three to four himdred feet, which
should be deducted from the thickness of the mass, leaving it at six or seven

hundred feet ; and, allowing for irregularities in the strata, a further deduc-
tion of one hundred feet should also be made.
Without attempting to separate the several members between the Penta-

merus limestone and the Potsdam sandstone, I put their entire thickness at

five hundred feet, as displayed on the waters of Green Bay, thinning out,

however, as traced towards the St. Mary's.

There is also a difficulty in estimating the thickness of the Potsdam sand-

stone, since its base is seldom visible. On the upper Menomonee, I saw
one exposure of one hundred and fifty feet ; and I should estimate its entire

thickness at two hundred feet.

The results, then, of all my observations are as follows

:

1. Potsdam sandstone, on the Menomonee, 200 feett

2. Calciferous sandstone. Birds-eye, Chazy, Trenton, Hudson-
river and Clinton groups, as developed in the vicinity of

GreenBay, 500 «

3. Corallme and marly beds, near Mackinac, 200 to 250 "

4. Mackinac limestone, 350 "

Making the aggregate thickness 1200 or 1400 feet."

EVIDENCES OP DENUDATION AND SUBSIDENCE.

In describing the detailed geology of this region, we have had occasion

to speak of extensive tracts which were denuded at a remote geological

epoch, of numerous examples of diagonal stratification, ox' rippTc-marked

surfaces, of clay cracks, of the trails of vertebrated animals, of shelving

shores, of beach accumulations, and of stratified deposits of sand and clay,

high above the present surface of the lake :—all of which indicate that the

§ea-bottom in which the various groups were deposited, was subject to re-

peated oscillations.

As this is a subject of much geological interest, we deem it proper to re-

capitulate this evidence, in a connected form, even if we lay ourselves open

to the charge of repetition.

It has been shown that the surface of the ocean in which the Potsdam
sandstone, or lowest member of the Silurian system, was deposited, did not

reach within eight hundred feet of the cubninating points of the granite and
schists composing the azoic system ; that, all along the line of contact be-

tween the two series, there is a marked unconformability, the strata of the

one being highly inclined, and of the other nearly horizontal ; that, in nu-

merous instances along this line, particularly at Middle island, Presqu'isle,

Granite Point, Carp nver, on the northern coast of Lake Huron and in the

valley of the Menomonee, the harder and firmer rocks of the azoic series

were denuded, their angulariiifs worn down and their surfaces smoothed,
before the deposition of the sandstone,—resembling, in this respect, the

rocks exposed, at this day, to the breaker action of the ocean.

We have further shown that the detritus composing this sand«tOB« waf

ir
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arranged in layers, dipping slightly away from the prior-formed land,— an

arrangement which is observed at this day in the accumulations around the

islands of the sea, and along shelving shores ; that, at numerous points—for

example—at L'Anse, Granite Point and Dead river, are found intermingled

with the finer detritus, angular and slightly rounded fragments of the

preexistng rocks, derived from the immediate vicinity, partaking, in this

respect, of the character of beach accumulations ; that the frequently recur-

ring instances of diagonal stratification, particularly observable in the series

composing the Pictured Rocks, in the detrital accumulations at Granite

Point, at Point Abbaye, and on the western coast of Keweenaw Bay, indi-

cate that the materials were not, in all instances, mechanically suspended,

but were drifted along the bottom by tidal, or oceanic currents ; and that

the frequent occurrence of ripple-marked surfaces, in the series, is strong

if not conclusive proof of the subsidence of the sea-bottom.

We have, also, as shown, in Part I. of our report, similar evidences of

oscillation and of tidal deposits along the volcanic fissures in the copper

region. These have been particularly observed on the northern flank of

the Porcupine mountains, on the west coast of Keweenaw Point (at a

locality known as the Hitz location), and on the southern coast of Isle

Royale. It frequently happens that we meet with slight alternations of

arenaceous and aluminous particles, the one in the nature of a red sand and

the other of a red mud,— such as are " respectively deposited by an advanc-

ing and retreating tide. This mud, now consolidated into marl, is covered

over with fissures, or cracks, such as result at this day from the drying of

similar deposits along the margins of rivers, or over low tracts adjoining

the sea, indicating an exposure of the. ancient surface to atmospheric in-

fluences.

Passing over several intermediate groups and ascending in the series of

formations, we meet with evidences of a different character, but illustrating

the same point, in the ripple-marked surfaces of the Clinton group, indented

with the trails and tracks of animals. These layers were accumulated, if

not upon ancient sea-margins, at least, upon the bottom of shoal and tran-

quil waters.

We have seen, that, between the termination of the Onondaga salt group
and the commencement of the upper Helderberg series, there occurs, in our

district, an immense hiatus, during which, according to Mr. Hall, two dis-

tinct faunas lived and died, without having left a trace of their existence

here; but we are uncertain whether the intervening deposits, which are

clearly recognized in New York, thinned out before reaching this portion ot

the oceanic bed, or whether they may not have once extended over it,

though diminished in thickness, and been removed by an ancient denu-

dation.

There are some facts which seem to warrant the latter conclusion, that

is, of a denudation of the strata, not local, but extending over a wide area,

which took place at about the close of the period of the Onondaga salt

group. Thus, in New York, Mr. Hall states that the upper member ot

tnis group exhibits an apparently water-worn surface, upon which the suc-

ceeding beds have been conformably deposited. Thus, too, near the upper
portion of the cliff" limestone, at Columbus,* Ohio, whose deposition must

This interesting phenomenon was pointed out to us, in company with M. Agassiz, by
Mr. Joseph Sullivunt. After having pointed out the line through one quarry, he took us
to another, a mile or more distant, where ho showed us the same thing, thus leaving no
doubt that it was not a mwe looal phenomenon.
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be refeired to about this period, the ancient surface appears to have been

planed down and smoothed in a most wonderful manner, differing altogether

from the effects of breaker action. Were it not for the absence of striae, it

might be likened to. the effects of drift agency. The fossils, principally

Cyathophylla, are silicified, and, being harder than the matrix in which

they are enclosed, project a few lines above the polished surface; but show
that they, too, were planed down by this agency, whatever it was. Upon
this polished surface, the succeeding layers were conformably deposited, so

that, in a vertical section, this line of demarcation appears no wider and no

more distinct, than one of lamination, or stratification. We may further

add that each division is characterized by a distinct fauna.

Between the commencement of the Devonian and the dawn of the drift

epoch, there is an immense gap in the series of formations in this district,

and we search in vain for any evidences of the condition of the ancient sur-

face. In a former report, we have shown that stratified deposits of drift

clay and sand occur in some cases at an altitude of nearly one thousand

feet above the present level of the lake, and that, therefore, the waters in

which these deposits were made, reached four hundred or five hundred
feet higher than the surface of the ocean at the dawn of the Silurian epoch.

We have, also, shown that the lake margin is lined in many places with

stair-like ridges of loose materials, known as terraces, arranged one above

the other, from which we infer that within comparatively recent geological

times, the surface of the water has occupied different levels ; or, in other

words, that the land has been subject to repeated elevations.*

We have thus, then, abundant evidence of the oscillations of the surface,

(luring the accumulation of the detrital deposits of this district, embracing

a period of inconceivable duration, from the dawn of the Silurian epoch,

when the Lingula and the Trilobite first appeared, to the close of the drift,

when the gigantic pachyderms— the Mastodon and the Elephant—became
extinct. These oscillations, with a few exceptions, to be adverted to here-

after, appear to have been attended with no corrugations, or displacements,

of the strata, although they may have prescribed the limits of certain groups

and modified their vertical range. They indicate nothing like catastrophes,

nothing which would produce an instantaneous destruction of organic life

;

and yet perhaps, they were less gradual than those elevations and depres-

sions which are now taking place in different part's of the earth's surface,

the effects of which are rendered apparent by the lapse of centuries rather

than of years. The coast of California exhibits fossil shells a hundred or more
feet above the water,! identical with those which flourish along the shore

:

the same is true with regard to the St. Lawrence, Sweden, and other parts

of the earth. The inference, therefore, is that in these instances, the rising

of the land has been sufficiently gradual to enable the species to migrate
and accommodate themselves to new conditions ; but these ancient oscilla-

tions appear to have been attended with far different results.

In this connection, it may be proper to enquire into

The Effects of these Oscillations on Organic Life.—To account for the

repeated destruction of the varied forms of animal and vegetable life, which is

attested by all geological researches, it is not necessary to suppose that these

results have, in all instances, been brought about by violent perturbations,

at variance with that calm operation of nature which we now see going on

• Port I., pp. 188-194. t On the authority of Col. Jewett.
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around us. The sea, like the land, has its mountains and valleys and its

far-stretching plains, tenanted by a fauna more circumscribed in its range,

and as susceptible to great changes as that which inhabits the land. An
elevation of its bed to the height of a thousand feet, would convert many
a chain of islands into mountam ranges, with intervening valleys, and many
banks into plains, like the prairies of the West, the deserts of Africa, or the

llanos of South America. It will at once appear obvious to the geologist

that an elevation or depression of the bed of the ocean to such an extent,

would be attended with a marked modification of both animal and vegeta-

ble life, over the entire area thus disturbed. New conditions would arise

which would be fatal to their existence. These conditions have been ably

discussed by De la Beche,* and consist of a change in temperature, pressure,

light, and in the amount of air mingled with the water. In the depths of

the ocean, according to the researches of Sir James Ross, and other navi-

gators, the water is supposed to possess a uniform temperature of 39.5°.

At the poles this line approaches the surface, while at the equator i L sinks

far below it. By a subsidence of the land, many species in the p ^uatorial

regions, which are surrounded by a medium possessing a tc^^perature of

78°, might be brought within the range of a temperature of 39.5°—

a

change which would be fatal to their existence. The investigations of Dana
have shown that many of the corals, for instance the Astrceacea, Madrepo-
racea, and Gemmiporida range within latitude 28° north and south of

the equator, and that they are confined to a depth within one hundred and
twenty feet of the surface. Darwin had before pointed out the depths at

which other forms occur.

The researches of Professor E. Forbes have shown that the eastern

Mediterranean may be divided into eight zoological zones, each characte-

rized by a peculiar fauna. Similar results were contemporaneously arrived

at by Professor Loven from his investigations of marine life along the coast

of Norway. The same observations are true with regard to the marine

flora, although it ceases far above the deepest regions of animal life. It

would seem improbable that a coral which lives at an inconsiderable depth,

in an equatorial sea, where the temperature rises to 78°, could continue to

flourish, when transported near the poles, where the line of 39.5° ap-

proaches the surface, or the colder water forms a stratum above it. As
well might we expect to find an arctic vegetation, at the sea-level, beneath

the tropics.

But let us recur to the conditions of organic life on our own coasts. Ac-
cording to Dr. Gould,t of tlie one hundred and ninoty-seven marine species

found m Massachusetts, eighty-three do not pass to the south shore of Cape
Cod, and fifty are not found on the north shore. The remaining sixty-four

take a wider range, and are found on both sides. These results have been

somewhat modified by subsequent investigations, but the great fact, as to

their limited distribution, remains unimpaired.

The same law, according to the same authority, is true with regard to

Cape Hatteras— that cape forming a natural boundary between many of

the forms of animal life inhabiting the sea, north and south.

As marine life, then, like terrestrial vegetation, is adjusted to certain

• Geological Observer, pages 102 to 190. We shall quote many of tho prominent flwts

•ddnced by him, which bear upon this point.

t Report on tho Inyertebrata of Massachusetts, pago816
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zones, the geologist, in investigatmg an anciently raised sea-bottom and the

variously distributed organic remains, should l»e on his guard, lest he assign

to different epochs animals which were really contemporaneous; nor should

he neglect to distinguish between littoral and deep sea deposits, which, al-

thougn simultaneously formed, would differ both in lithological characters

and m organic remains. Without observing the gradations between the

two extremes, he might rashly infer, from their relative level, that the one

was imposed upon the other.

Aside from the differences of temperature, we are, also, to consider the

modifications arising from pressure. The law relating to this subject is well

understood, and need not here be recapitulated. When we know the depth

to which a certain animal penetrates, we can calculate the pressure which
it is adapted to sustain. While some forms of marine life, like the nauti-

lus, have a wide, vertical range ; others, like the oyster, are extremely re-

stricted ; but to all there are fixed limits, beyond which they cannot pene

trate.

In investigating, therefore, the paloBontology of past epochs, we ought,

a priori, to expect to find certain forms ranging through a series of groups,

while others would be restricted to a single one.
'• We cannot suppose an animal so constructed," remarks De la Beche,

" as to sustain a pressure of more than two hundred atmospheres at one

time, and two or three atmospheres at another. A creature inhabiting a

depth of one hundred feet would sustain a pressure, including that of the

atmosphere, of about sixty pounds to the square inch, while one at four

hundred feet, no very important depth, would have to support a pressure of

1,830 pounds to the square inch.

" Animals, among other conditions for their existence, are adapted to a
given pressure, or certain ranges of pressure, so adjusted that they can

move freely in the medium, either gaseous or aqueous, in which they live.

All their delicate vessels and the power of their muscles are adjusted to it.

When the pressure becomes either too little or too great, the creature

perishes ; and, therefore, when acting freely in such a medium as the sea,

an animal will not readily quit the depths in which it experiences ease. All

are aware of the adjustment of an abundance of fish to the depths, to or

from which they may frequently descend, by means of the apparatus of

swimming-bladders. This arrangement, however, only changes their specific

gravities as a whole, the relative volume occupied by the air, or gases in the

swimming-bladders, being the chief cause of difference ; though, no doubt,

also the squeezing process at great depths would diminish the volume of such
other parts of their bodies as were in any manner compressible, the reverse

happening with a rise from deep waters to near the surface. So adjusted to

given depths do these swimming-bladders appear for each kind of fish, that

it has been observed that the gas, or air, in the swimming-bladders of fish

brought up from a depth of about 3300 feet (under a pressure of about one
hundred atmospheres), increased so considerably in volume, as to force the

swimming-bladder, stomach and other adjoining parts, outside of the throat,

in a balloon-formed mass."* The modifications, therefore, of animal life

resulting from pressure Avould be quite as great as those resulting from tem-
perature.

Light, also, exercises a powerful influence upon marine, as well as ter-

' ^ — —" '

* Fouillet, EIomeiM du FbTsiquo EspwimontiUe. CkoL Obs. 164.
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restrial life ; and we should expect that the fishes, crustaceans and molluscs,

which possessed eyes, should occupy such levels as were adapted to their

range of vision.

Ihus the Pomatomus telescopium, ivhich, according to Professor Forbes,

inhabits considerable depths in the Mediterranean, possesses remarkably
large eyes, apparently constructed so as to concentrate all of the rays

which penetrate to that level. The Trilobite of the ancient world, as

I
demonstrated by Buckland, possesses a set of lenses similarly adapted to

L enable it to see at great depths. Professor E. Forbes has also adverted to

j the influence of light upon marine animals, and shown that those inhabiting
' different zones are differently colored. Perhaps, however, the mere depri-

I

vation of light would not in all cases be attended with the extinction of

marine animals, posaessing visual organs ; since the eyeless fishes of the

Mammoth Cave, as shown by Wyman, have, in those respects, a rudimen-
tary organization.

Marine animals, also, require for their existence a supply of oxygen,
and at the junction of the sea and the atmosphere the absorption is the

greatest. The observations of M. Biot render it probable that the con-

tents of the swimming bladders of fishes vary according to the depths at

which they live. He found the contents to consist of pure nitrogen in

those inhabiting shoal waters, while the contents of the bladders oi those

living at great depths consisted of oxygen and nitrogen, in the proportion of

nine-tenths of the former to one-tenth of the latter.

Again, as suggested by De la Beche, in tidal seas we find certain mol-
luscs, adjusted to live alternately exposed to the atmosphere and the sea.

Some species are confined to the shores, while others are only found at great

depths, and hence there can be no doubt that some require for their sus-

tenance a greater supply of oxygen than others.

There are other effects resulting from the oscillations of the land, which
might produce modifications in marine life. A greater amoimt of elevation

in one part of the area than in another, might cause a change in the direc-

tion of the streams, and produce an influx of fresh water, which would be

attended with the destruction of such testacea as were exclusively marine.

In fact, this accords with the observations of Professor E. Forbes, in the

^gean Sea, where certain species are wanting, which occur abundantly in

the western Mediterranean. This result* he attributes to the composition

of the sea-water, rather than to climatic influences. Again, his observa-

tions have led him to believe that the distribution of marine life is effected

by the nature of the sedimentary deposits distributed over the bottom.

Thus, those animals whose habits adapt them to a muddy bottom, would

not flourish upon a sandy one, and vice versa. Thus, too, the researches

of Mr. Hall, in our own district, have shown that during the period of the

deposition of the Niagara limestone, the character of the sediment was

a variable. Under certain conditions, corals flourished in great abundance

:

change ensued, and they disappeared ; and this occurred not in one instance

only, but was frequently repeated. Their extinction appears not to have been

due to catastrophes, for we find no evidences of them, but to a change in

the sediment. In the purely calcareous, or calcareo-magnesian beds, they

appear to have flourished, forming reefs of considerable extent ; but where

there was an influx of argillaceous mud, they died out altogether.

A change in the relative level ofthe land might produce a change in the char-

acter of the detrital deposits and of the marine animals dwelling upon them

mam,
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On the other hand, the submergence of the land would be attended with
changes equally marked. The length of the streams would be shortened,

and their power to transport detritus diminished, and the character even of

that detritus might be modified. "When the shores ceased to present them-
selves, the littoral marine animals, previously inhabiting them, and moving to

the coasts as these retreated upon the descent of the main mass of land, would
be expected also to have disappeared, unless able wholly or in part to have

adjusted themselves to the new conditions. When, however, zone after

zone of the marine vegetation disappeared as the circumstances fitted for

its growth ceased, the animals which fed upon the plants would perish, and
with them those which lived upon the vegetable eaters, unless they could

escape to other localities where food of the same kind, or of others which
they could substitute for it, was to be found, and was sufficient for them."*

In a region, for instance, like that imder consideration, encircled in the

mam, with vast fresh-water lakes, as the sea invaded the land, the waters

would first become brackish and then saline ; and thus we might have three

distinct sets of formations, each characterized by a peculiar fauna.

We thus see that the elevation or depression of extensive tracts of land at

this day, would be attended with the extincdon of many forms of animal

and vegetable life ; and, reasoning from analogy, we have a right to infer

that the mutations in the surface of the earth, in times past, which as the

researches of geologists have shown were of frequent occurrence and of vast

extent, were attended with similar results.

* Geological Observer, p. 626. t: m
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CHAPTER XII.

CHEMISTRY AITD ECONOMIC GEOLOGY OF THE PALEOZOIC SERIES.

ProMpectt of the Mining InUrest in the Copper Region.— Sandstones and

ConghmercUei.— Their Chemical Composition.— Their Economical

Applicalion,— Chemical Examination of the Limestones.— Method of

Analy»ii,— Lower Silurian Limestones.— Remarks on the Composition

oftheLowerSilurian Limestones.— Upper Silurian Limestones.—Marble

of the Azmc Series.— General Remarks on the Analyses.— Theory of

Dolomitization.— Occurrence of Soda, Chlorine and Sulphuric Acid.—
Probable Origin of these Substances.— Economic Application of the

Limestonet.—For Calcination.— Building Materials.— Occurrence of

Metallic Ore* in the Limestones.— Gypsum.

In Part L of thw report, we have described, somewhat in detail, the ex-

tent, /node of Ofxmrrence and economic value of the metallic deposits, which
occur in the lower portion of the palaeozoic series. In regard to the value

and evtent of the mineral deposits of the copper region, we have no addi-

tional remarks to offer, except that the productiveness of the veins has

fully equalled, if not exceeded, the estimate given by us in our report ; and
that the protpecis of compaiiies engaged in mining, at various points along

the cupriferous belt, are better, at this time, than at any period since the

first exploration and settlement of that country.

We 8liall now proceed to give some account of the rocks and minerals ot

the above-named series, especially of those occurring in other portions of

the district, remote from the trappean ranges, with especial reference to

their economic value ; and in order to arrive at a more accurate knowledge
on this point, wo shall give the results obtained by us in our chemical exa-

mination of some oi the more important of these materials. Where these

investigations seem to throw light on any points of scientific interest, we
shall briefly discuss them in their theoretical bearing and general applica-

tion.

SANDSTONES AND CONGLOMERATES.

Chemical and Mirteralogical Composition.— At a distance from all igne-

ous action, where the sandstone has been regularly deposited and not sub-

jected to any disturbing influences, it appears to be made up almost entirely

of angular fragments of nearly pure quartz, which are hardly held together

by any visible cement. The grains are generally of the size of a pin's

head, and often present crystalline facets.

The sandstone, on the southern slope of the axis, is generally of this

character, and iti composition will be seen from the following analysis,

which shows it to be almost pure silica, or quartz.

The specimen analyzed was from the White Rapids of the Menomonee
river ; it is white, granular, and very friable— so much so, that it is diffi-

cult io preserve a specimen, since it crumbles so easily when handled.

It was luf«4 with carbonate of soda, after ignition, in whieh procesii it

E
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lost two-tenths of a per cent, of water, and retained its original pure-white

color perfectly.

1.3880 grammes gave 1.3835 of silica, which was perfectly soluble in

carbonate of soda. The residuum consisted mostly of alumina, with only a
trace of iron and lime.

Silica

Alumina, trace of iron and lime

• 99.67

33

100.00

The Potsdam sandstone, at numerous other points, will probably be found

of equal purity, though in general it is somewhat colored by a trace of

iron. In the vicinity of the trappean rocks, it becomes highly charged

with iron and calcareous matter, the latter being so generally and inti-

mately associated with all of these sandstones, that they effervesce strongly

with acid, even when no perceptible particles of lime can be seen. A
specimen from the first bed at Copper Falls, of a deep brownish-red color,

lost 2.7 per cent, on ignition at a low red heat; it effervesced strongly with
acid, and 38.8 per cent of the pulverized substance was dissolved by diges-

tion with chlorohydric acid. The soluble portion contained a trace of

copper, and a large amount of peroxide of iron, a little alumina and lime,

and a trace of magnesia. The insoluble part consisted mainly of quart-

zose grains, of a light reddish-grey color.

Economical Application of the Sandstones.—The above analysis of the

sandstone shows conclusively that it would furnish an excellent material

for making glass, as it possesses a remarkable degree of purity. There
are many localities where an abundant supply of an equally pure material

might be obtained, both near the shores of Lake Superior and Lake Michi-

gan. The grains of silicious substance, in the purer sandstones, not being

held together by any calcareous, or ferruginous cement, the stone can be
pulverized with the greatest facility. In fact, there is so little coherence

between the particles, that it crumbles readily between the fingers, so that

we have found it difficult to preserve specimens of these sandstones, except
in the form of sand.

The sandstones of the Silurian system, in our district, rarely furnish

good building materials, except in the vicinity of the trappean belts. Here,
they are cemented firmly by ferruginous matter, and appear to contain few
impurities of a nature to cause them to crumble, and become discolored by
the action of the weather. From the total absence of organic remains in

them, they seem to be free from many substances which result from the

decay of organic matter. Some of these sandstones are in beds of two
or three feet in thickness, and are traversed by joints, which would afford

essential aid to the quarry-man in getting out blocks of a convenient size

for building. At other localities, for instance above the portage of Kee-
weenaw Point, the more thinly-bedded varieties would furnish tolerable

stones for flagging. Some of these sandstones would undoubtedly be found
to make excellent hearths for furnaces ; and could be used for other purpo-
ses, where a very refractory material is required.

CHEMICAL ANALYSIS OF VARIOUS LIMESTONES.

Method of Analysis.— The analyses of the various limestones occurring

within our district were made as follows

:

(Ml
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The pulverized substance, of which a quantity equal to from 1 to 1.5

{rrammes was taken for analysis, was carefully dried at a temperature a
ittle above 100° C. A portion was then introduced into a weighed appa-

ratus, in which the carbonic acid was set free by the action of chlorohydric

acid, and dried in its escape by a tube containing chloride of calcium. The
loss of weight was estimated as carbonic acid. The insoluble portion was
filtered off, ignited and weighed ; and, when it was considered necessary,

analyzed as a silicate, after fusion with carbonate of soda. In the filtrate,

the iron and alumina were then precipitated by ammonia, together with a

small portion of the magnesia and manganese, which were separated from

each other in the usual way. The lime was precipitated in the ammoniacal
solution by oxalic acid, and ignited and weighed as a carbonate. In tUb

filtrate, if the soda was not to be determined, the magnesia was precipi-

tated by phosphate of soda, and weighed as phosphate of magnesia. It

the soda was estimated, it was done by several of the processes described

for separating it from magnesia. The method, however, which seems to

fumisn the most accurate results, and by which we are satisfied that these

two substances can be separated most perfectly and with the least trouble,

at least when the quantity of soda is small in comparison with that of the

magnesia, is as follows : The filtrate, after separating the lime, is evaporated

to dryness over the water-bath, and ignited in the platina capsule to expel

the ammoniacal salts ; the remaining substance is then transferred to a thin,

but tolerably large-sized, platina crucible, and strongly ignited for a con-

siderable time, the cover of the crucible remaining on. The ignition mxist

be repeated till there is no longer any loss of weight ; and, at short intervals,

the crucible must be allowed to cool and its contents must then be moistened

with a drop or two of water, and a small fragment of carbonate of ammonia
laid upon the bottom. In this way, all the chloride of magnesium will be

decomposed, and pure magnesia be left behind, which, being almost entirely

insoluble, can easily be separated from the chloride of sodium. If the ope-

ration is properly conducted, no trace of magnesia will be found in the

solution containing the soda. The chlorine was estimated on a separate

portion, by dissolving in pure nitric acid, and precipitating by a salt of

silver.

ANALYSES OF LOWER SILURIAN LIMESTONES.

Analysis of Limestone from near Miners' River, Township 46, Range
18, Section 12— {Calciferous Sandstone.)— This is a light, yellowish-grey

variety, and represents very well the lowest limestone in the series, being

found near the Potsdam sandstone,—the two appearing to pass into each

other.

1.502 -grammes lefl .2155 insoluble substance, mostly quartzose matter

in angular grains = 14.34 per cent. : .0487 peroxide of iron, with a little

alumina : 1.1410 carbonate of lime : .0995 phosphate of magnesia.

Silicious matter 14.34

Carbonate of iron 4.74

Carbonate of lime 76.36

Carbonate of magnesia- -.---- 5.02

100.46

Traces of soda and chlorine were contained in it, but were not estimated
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Brownish, sub-crystalline Limestone of the lower Silurian Series, ntar
IJ'Jlnsc, Keweenaw Point, Section 13, Township 51, Range 35.— This
limestone is probably a little higher in the geological series than that last

mentioned. It is, from its isolated position and relation to the surroundinjg

country, likely, at some future time, to be of economical value. It is

highly magnesian ; but, on the other hand, contains very little silicious

matter.

1.9563 grammes gave .104 insoluble silicious matter ; .0357 alumina,

with a trace of iron; 1.0165 carbonate of lime; .9555 phospate of mag-
nesia.

In another analysis of a specimen from the same locality, 1.2370
grammes lost .5495 carbonic acid ; left .0670 insoluble substance

;
gave

.0115 precipitate, by ammonia, mostly peroxide of iron ; .6400 carbonate

of lime ; .6727 phosphate of magnesia.

I. II.

.— 5.41

.83

Silicious matter - 5.32

Protoxide of iron ? 1.64

Alumina 1.82

Lime 28.58 28.97
Magnesia 17.89 19.92
Carbonic acid ---- 44.34
Water and loss .53

100.00

Limestone from Township 43, Range 25, section ?, below the Forks of the

Escanaba River.— This is a light-colored, compact stone, from the cal->

ciferous sandstone formation; probably from nearly the same geological

position as the two preceding, but from the southern slope of the axis. It

IS by no means so pure a limestone as either of the two of which the

analyses are given above, since it contains almost forty per cent, of sand,

or silicious matter. It also contains a considerable amount of water.

1.6934 grammes lost .4777 carbonic acid; left .6361 insoluble substance;

gave .0085 peroxide of iron; .0020 alumina; .4361 carbonate of limej
,7335 phosphate of magnesia.

2.0993 grammes gave .0011 chloride of silver.

Silicious substance 37.62
Protoxide of iron .45

Alumina - - .15

Lime 14.16
Magnesia - 15.51 |

Carbonic acid—- 28.21 *

Chlorine--- .05 '

Sulphuric acid - -- trace

Soda trace

Water (by loss) 3.85

100.00

Shale of the Hudson-river Group from Little Bay des J^oquets.— This
specimen was a fair sample of the shaly portion of the Hudson-river group,
as it occurs on the east side of little Bay des Noquets, where it is filled with
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"ganic remainf . Fiike the preceding it contains considerable water. It

s a liiixture of argil Ucoous and calcareous matter, the former being mostly

insoluble in acids.

2.461 grammes lost .7bu;i <"arbonic acid : left .7067 insolublu silicate of

•lumiii* with a little silicate of iron and manganese : «^ ive .0^)23 peroxide

of iron : .0162 alumina : 1.0135 carbonate of lime : .3006 magnesia : .0112

chloride of sodium » 'I traces of chlorine and sulphuric acid.

A separate estimiiiion of the water on 2.9170 grammes gave .0852

water = 2.9 per cent.

^ Insoluble silicate of alumina 28.71 ,

) Protoxide of iron 2.28

Alumina .O-*)

Lime 22.65

Magnesia 12.'«?l

Soda------ .24

Carbonic acid - -— 30.89

Chlorine and sulphuric acid - traces

Water (by loss) 2.37

100.00

The amount of soda, as seen in the above analysis, is very considerable;

but the chlorine was hardly present in sufficient quantity to be weighed.

Ritnarks on the above analyses of lower Silurian limestones;

By Mr. Hall.

The analyses of several specimens of these limestones show them to be
highly magnesian. A single exception occurs in the limestone from the

vicinity of Miners' river, in which only five per cent, of magnesia was
found. In the other examples of limestone from the same geological posi-

tion, the per centage amoxmt of magnesia is equal to two-thirds that of the

lime in two of them, and more than equals the lime in the other example.

The specimen from the Escanaba river, of which the analysis is given,

was from the lower part of the calciferous sandstone and near its junction

with the Potsdam sandstone ; this account? ! -^r the large proportion of sili-

cious matter. The ralciferous sandstone a. .Pt} where matmesian, ^r a
the Hudson to the Mississippi river, th. ('>?,>

, of the j „ changing

mainly from the varying proportion of Si.ii oaii mutcer which it contains at

lifFerent points.

Other specimens, taken from widely separated localities, show that the

nferior members of the lower Silurian limestones are everywhere mag-
nesian.

A svwcimen of the calcareous shale of the Hudson-river group shows a

pnvyortion of 12.21 per cent, of magnesia and 22.13 of lime, which, deduct-

jiig the sili(?U of alumna 28.71 per cent., would form a dolomitic com-
pound.

In its eastern extension, where the proportion of calcareous matter is

far less- the shales are hi^fhlv mafnesian. This is still farther shown where
the same strata, m a metamorphic condition, form the talcose slates of New
York and the weitern part of £^ew JBngland. The occurrence of magnesia
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in tnese rocks in thoii unaltered and undisturbed position, over so wid* «n

area, is a sutficienl explan.iHon of the character of the same rocks when
metamorphosed, wi» o'lt supposing that the raagnesian character was th«

result of this process. Since the agu of these slates has he^n well de-

termined, the cheii oal examin.<'ion of their unaltered equivalents becomes

a matter of much interest, and chemistry <'an hardly render ii greater ser-

vice to geology than by furnishing the results ol »«'(;urate analv ses of these

metamorphosed rocks and ol the same rocks where they have not under-

gone this change.

DPPER SILURIAN LIMESTONES.
;

Greenish Limestone of the Clinton group, from east side of Green Bay.
— This is an argillaceous, compact limestone, and may be taken as a fair

representatirn of the greenish limestone of the Clinton group. It contains

considerable water, like all the argillaceous limestones.

1.5584 grammes of the substance, which had been carefully ignited a ,d

afterwards treated with carbonate of ammonia, and heated gently, in order

to restore any carbonic acid which might have been lost in the ignition, lost

.4651 carbonic acid ; left .4380 insoluble silicate of .. imina an^ iron
;
gave

.0267 peroxide of iron; .033 alumina; .6106 carb nate of Jime ; .d750

sulphate of magnesia, and .0159 magnesia separated afterwards from the

chloride of sodium; .0159 chloride of sodium; and tra es of chlorine, man-
ganese and sulphuric acid, not determined.

Ignited Svhstance.

Insoluble 28.10
Protoxide of iron 1.54

Alumina - •* 2.12
Lime --i-p - 21.55

Magnesia 15.49

Soda 1.02

Carbonic acid 29.84

Chlorine and sulphuric acid traces

99.66

A separate determination gave 4.3 per cent, of water, on he substance

drieu at 110° C.

The insoluble portion consists principally of silica and alumina.

Limestone of the J^iagara group from, the bluffs on east side of Big
Bay des J^loquets.— This is a compact variety, in which the fossils appear
to have been obliterated, as only occasional, faint traces of organic remains

are seen in it ; it breaks with a conchoidal fracture, and is of a light-greyish

color.

1.4145 grammes lost .6245 carbonic acid ; left undissolved .0607 of sili-

cious^ and argillaceous residuum
;
gave .7313 carbonate of lime.

Another specimen gave on 1.543 grammes, .6762 carbonic acid ; .0603

insoluble silicate ; .0038 peroxide of iron and alumina ; .8132 carbonate of

lime ; .0065 chloride of sodium ; and trace of sulphuric acid.

1.6984 gramme* gave =0070 of shloridft of silver, and left .0667 of in-

soluble silicatw.
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I.

Insoluble — 3.93 -

Protoxide of iron and alumina .24 -

Lime 29.16 -

Magnesia 20.66 -

Soda 23 .

Chlorine - •

Sulphuric acid • trace - •

Carbonic acid 44.11 -•

Water (by loss) 1.67 - •

II.

3.92
ra.
4.28

28.43

.12 .-- —
44.15

100.00

Limestone of the Pentamerus beds of the J^iaf^ara group— from south

side of Sturgeon Bay.— This is a highly crystalline rock, filled with casts

of a species of Pentamerus. The interior of the casts is lined with crys-

tals of brown-spar, while the rock itself, as the analysis shows, is a pure
dolomite.

1.1964 grammes, dissolved in hydrochloric acid, left .0068 residuum;
gave no precipitate by ammonia, or, at most, barely a trace of iron : gave
.6481 ot carbonate of lime, = 54.17 per cent. : gave .7080 phosphate of

magnesia, = .5811 carbonate of magnesia, = 44.39 per cent.

Carbonate of lime - 64.17

Carbonate of magnesia— 44.39

Silicious residuum .57

Water, soda, chlorine and loss --- .87

100.00

This is nearly a ])ure dolomite, as will be seen on comparing it with the

theoretical coniposition of that substance, which is :

Carbonate of lime 54.3

Carbonate of magnesia 45.7

100.00

Limestone of the Onondaga salt group, from the island of Mackinac. —
The specimen of this limestone, which was analyzed, was of light-brownish

color, quite compact in its texture, with but a very slight trace of a crys-

talline structure. It consists principally of carbonate of lime^ with a small

amount of silica, and less than half a per cent, of iron and alumina.

1.038 grammes dried at 100° C, lost .4:30 carbonic acid; left .0587 inso-

luble, chiefly silica
;
gave .0032 of alumina and peroxide of iron ; .9063

carbonate of lime ; and .0857 phosphate of magnesia. ;

r

Silicious substance 5.65

Alumina and iron - -31

Lime-. - 48.88

Magnesia— 3.03

Carbonic acid - • 41.42

Chloride of sodium and sulnhuric acid ------------ traces

Water and loss 71

100.00
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This rock IS burned into lime on the inland, and furniNhcti a vcrv good
article. It contains much less magnesia than any of the other Silurian

limestones, affording, in that respect, a marked contrast to the Niagara group,

which it overlies, and which is so ahunduntly displayed on the main land

and the adjacent islands. The quantity of silicious matter in the rock is

not by any means large, though more oonsidorablo than is usual in tho Ni-

agara limestones.

CRYSTALLINE LIMESTONE OF THE AZOIC SEttlES. 1

Flesh-colored Mnrhlc from the Vicinity of Carp Rivera Township 48,

Range 26, i!icction 35.— In this connection we introduce an analysis of a

limestone from the azoic series, to afford an opportunity of making a com-
parison between the comj)Osilion of the marbles of this series and the lime-

stones of the Silurian period.

This is a compact, highly crystalline marble, and, from its position with
regard to the deposits of iron, and the settlements in its vicinity, is of

considerable importance. It is a highly magnesinn limestone, contaiiiing

almost forty per cent, of carbonate of niiiffrusia.

2.0675 grammes gave .3005 insoluble silicious substan(U! ; .007 peroxide

of iron, ~ .0003 protoxide; .954 carbonate of lime; .1005 phosphate oi

magnesia, and a trace of manganese.

Silicious substance 14.53
Carbonate of iron and manganese— .49

Carbonate of lime 46.14

Carbonate of magnesia 38.01

Water and trace of chlorine and sulphuric acid .83

100.00

All the saccharoidal marbles accompanying tlu; rocks of tluf azoic series

resemble each other in external characters, and, probaldy, liiivc? a chemical

composition similar to that given above. They are, when polished, highly

ornamental, being variegated with flesh and buft-colored bands and pat(^eH.

General Remarku— Theory of Dolondtization.— From th<! above

series of analyses, it will be seen that nearly all the Silurian limestones

contain considerable magnesia. The limestone of the Pentamerus b*'ds of

the Niagara group is almost a pure ilolomite. This is an interesting

fact, as it shows the existence of heavy, stratified deposits of this sub-

stance, in a position whei<! there is no reason to suppose that any change
* could have taken place in them, after their (le))osition, from the action of

igneous causes, since they are far removed from any rocks of any other

than a sedimentary character. They extend, with great similarity of

external characters, through the whole of our district, from tlie St. Mary's
to Green Hay, and are (leveloped to a very great thickness. They are

white, ami highly crystalline, and abound in casts of the Pentamerus,

the interior of the casts being generally lined with crystals of dolomite.

There are only two theories which can be admitted with regard to the

formation of these beds ; either, that they were deposited originally in

their present form ; or, that they were originally deposited in the saue

manner, and with a similar composition to the beds above and below, and

li
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have since been metamorphosed and converted into dolomite, hy hydro-

chemical agencies; in other words, the metamorphic action must have

been of an aqueous, and not of an igneous, character. Although the pos-

sibility of the original deposition of dolomite from an aqueous solution has

been denied, and is still, bjr some jjeologists, the large majority are dis-

posed to admit the Neptunian origm of dolomite strata, at least in some

instances.

Numerous are the theories which have been put forth as furnishing a

probable idea of the chemical action, by which the originally deposited car-

bonate of 111 ic might have been converted into dolomite. That of Hai-

dinger, which has excited considerable attention, and which has been

insisted on by Morlot, takes for its starting point the frequent occurrence

together of gypsum and dolomite, and mamtains that the change was
brought about by the agency of a solution of sulphate of magnesia, at a

great depth and under pressure. According to this theory, one atom of

carbonate of magnesia was formed, by the mutual action of the solution of

sulphate of magnesia and the carbonate of lime, which united with another

atom of the latter, forming dolomite ; while the sulphate of lime, formed at

the same time, was removed. This reaction, though exactly the reverse of

what actually takes place, under common circumstances of pressure and

temperature, has been supposed to be upheld by some experiments of Mor-
lot, at a high temperature and under a pressure of fifteen atmospheres,

though the result was only partially favorable; for, although by the double

action, sulphate of lime and carbonate of magnesia were formed, yet it

remained uncertain whether any combination took place between the latter

and the carbonate of lime, so as really to form dolomite.

If this theory be the correct solution of the formation of dolomite, we
should expect to find some traces remaining in these dolomitic beds of the

sulphate of lime, which must have been formed at the same time with the

dolomite. We were unable, however, to find any deposits of gypsum in

the Pentamerus beds, and are .disposed to regard this as a difficulty in the

way of adopting this theory, which would require the formation and subse-

quent removal of such an enormous amount of sulphate of lime.

If we consider the very large amount of magnesia present in some of the

shales, which have evidently undergone no change since their deposition,

since the fossils entombed in them remain in a perfect state, and do not

exhibit any marks of metamorphic action, we must allow the possibility of

the original formation, under circumstances not hostile to animal life, of a

highly magnesian deposit. The shales of the Hudson-river group, which
are filled to repletion with organic remains, in perfect preservation, contain,

after subtracting the silicious and aluminous portion, almost a sufficient per

centage of carbonate of magnesia to form a dolomite ; the same is true of

the shaly beds of the Clinton group ; but these strata are highly impure,

since they contain from thirty to forty per cent, of insoluble residuum, and

are, of course, destitute of a crystalline structure.

We may conceive that the production of these marly beds involved a two-
fold action in their deposition. In the first place, a mechanical action was
introducing into the great basin, in which the deposition was going on, a

supply of finely-comminuted, argillaceous materials, or mud, which was
gradually sinking to the bottom ; while, on the other hand, a chemical

action was separating from the' solution a mixture of the carbonates of

lime and magnesia. If the quantity of the carbonates was in the proper
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relative proportion, a line doloinitc would be formed, if not a dolomitic
limestone. In the process of formation of the Pentamerus beds of the
Niagara group, the «nction was almost purely a chemical one, since the
quantity of matter introduced by mechanical causes, is hardly more than
a half of one per cent. Hence, we can easily conceive of the exertion of
a force by which the whole mass was made to acquire a crystalline struc-

ture—an arrangement of the particles of the rock which may have been
contemporaneous with its dejiosition, or posterior, and dependent on some
change in the causes acting externally at the time.

Wc see from the above analyses that all the Silurian limestones of our
district contain a small amount of soda, chlorine, and sulphuric acid. The
quantity of soda is generally sufficient to be weighed, amounting, some-
times, to one or two-tenths of a per cent. This soda is probably present

mostly as a carbonate, since the quantity of chlorine is too small to take

it all up, in forming chloride of sodium. The sulphuric acid may, probably,

be combined with the magnesia. Distinct traces of these salts may be ob-

tained by digesting these limestones, after they have been pulverized, with
pure, distilled water.

In regard to tlie occurrence of these substances in the limestones and
shales of our district, Mr. Hall's manuscript furnishes the following remarks

:

" It is an important geological fact, that all of these limestones contain a
small proportion of soda, chlorine, and sulphuric acid. The source of these

substances was undoubtedly the water of the ocean, from which the rocky
strata were originally thrown down ; and we are enabled to trace through-

out the strata of this long period, from the earliest Silurian, to the dawn
of the Devonian series, the existence of these substances ; and, notwith-

standing the influence of the weather to which the edges of the strata have
been exposed, an appreciable quantity yet remains undissolved.

We are aware of the production of sulphate of magnesia, by the slow de-

composition of many of the shaly rocks, in situations sheltered from the

weather ; and, also, in a few instances, of the production of carbonate of

soda. Salt springs, or licks, occur abundantly in many geological groups,

and their origin is, doubtless, to be sought in the decomposition of the rocky
strata. In certain situations, or from other causes than the chemical com-
position of the deposited mass, a larger portion of the saline matter has been

included in the rock, whose dissolution gives rise to salines, or brine springe,

of great economical value. The earliest group in which, at this time, they

are known to occur, is that known as the Medina sandstone, while in the

Onondaga salt group, we have them in greater purity and far more copious,

thus indicating a larger proportion of saline ingredients in the strata.

In attempting to account for the presence of sulphuric acid in the strata,

we may reasonably suppose that, in some itistances, the decomposition of

animal remains has given rise to the sulphur, while its existence in the

waters of the ancient ocean, even before the advent of animal life, may,
also, have been one of the sources from which it was derived."

ECONOMICAL APPLICATION OP THE LIMESTONES.

For Calcination into Lime.— That portion of the district which was

especially the subject of Part I. of this report, is, for the most part, destitute

of the materials for making quick-lime. The only locality which may be
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Mirl t(i lir nt nil iirnr lo llii< ((iiiiici ll<^io|l, in llml. ilcNciiltfil hy iim in Pari

I,, puf^n 1 17< 'I'IiIm liiiii'NiiiiM' IN lii^lilv iiiii(^iirNiiiii, IhiI ijiiilc (rn' I'rotri nili-

cioiiM iiiiill<<i, uiiil woiilil I'liiniNti ^immI liiiM'. II will, liiivvi'Vi'r, lor ii 1oii|{

llmi*, Mt Ii<i«nI, Im< iiKMcroiivrMiii'iil lo liriii^ lliiir IVoim IIic iNJiitiilN tittil vicJniiy

of IJM'iSl. Muiy'd rivt'i', vvIm'H> Mh- liim'NloiM'N iin< dirfclly on lln' avwUtm'

nl^n, lliMii lo t'oiiNlnii'l ii loiiil of Icti or Iwt'lvc iiiilcN in I<'M|,;IIi, lo lli(i df-

|H)nI| wt'Nl of li'AtiNc. l''or wiihl ol' II licllcr initlcriiil, Ilic iiiiiiitiu I'oiii-

pniilcN oil Krwtiriiiiw I'oiiil liiivr< ocniNiciiiilly roNorli'd lo llii< noiiicwIiiiI vx-

iirnNlvK nicllioil of iniiiiiift; lli«< v«'iiiN of ntli'-N|iiir in IIh< ron^ioiiiniili', (or

!lio iiiirpoNr ol mi'lliiig II iiiiilrriiil lo nilciiiK iiilo liinr. ()im< or Iwo inNliiiici'N

linvi< nitiip III our Idiowlnluc, wlii'ic llicy liiivi< I'Vcii liiiil rcrotiind lo

iilrkiliu' lip llii< liiiirNloiii' pt'liiilcN on llin hilii'-liciMlicN, lor lliiN piirpoint'. Il,

IN I'viili'nl lliitl, wlii'ti otii'i' II I'liniil liiiN lii't'ii hiiill iii'oiiiiil IIm< IhIIn iiMIui

Sniil, il will Ih< iiiiirli I)<nn rxpi'tiNivi' lliiin il now In lo pi'o<'iii4< limit IVutn \\w

kiliiNor llio SI. Miiry'N river.

M'liroii^lioiil lli<< Nvlioir ol' llii< iliNlrii'l wlilrli lionlciN on llii< Si. Miiry'rt

I'ivtM' mill liiikoN Huron unit Miiiii^iin, llicic is iin iiliiiniliinri' ol' litnoNioiin

Ntiitnlilo Tor ciilriniilioii, Tlir Nin^llrll liiiirNK)iu< \h Unit wliiili \h niohl, roni-

nioiily I'KpoNnI on llii< liikc-Nliorr, iinil wliiili Iiiin liillirrlo riirniNJinl (lui

pritii'ipiil pitrl ol' llii< linii< iinciI in tliiil region. KiliiN «<xiNl on l<iinc iNland.

Ill llio Dolour, Mild III ollirr phu'CN. Tlir iiliovi* iiniilyNi'N of Ihn limrMtnno of

Iho PiMilinnoriiN Im<iIn ol'lliiN uroiip, nIiow IIiiiI llicy ronNiNlol'iin iiIiiionI rluv

niioitlly pint* dolotiiilv, wril iidiipird lo liiirniii^; into linir. Tlw inii^-

itrMiit IN not di'lriini'iiliil to llii> iiKntiir, Init diNpliiccN ii portion ol' llic Ntind

which Would ho ro(|iiirod, wimo llio iniilcriiil iinoiI ii olicniiiiilly piiro iiirho-

mito ol' linio. Tho onniHino ImmIn ol' lliiN ^riMip, wlicii not NiliciftuN — mid

(hiN In (ho niNo with lli(< iippor purl ol' lli<< ^;roii|i liirniNli liiiio of iin «'X-

oollont (pnitity. Iiiirfj,)' iptmititicN niigid lie riirniNlicd, iil ninni'ioiiN poiniN,

along tho liiko-Nhori<.

//y«/>'«M</»V (Vmoi/. - Mmiy of tho lowor, lliin-hodilod portioiiN of tho

ninton group m'i< woll ndiiptod to ninking liydniiilic roinonl ; mid, whonovor
thoro Nhnll oxist ii doniiind lor thi.s siilistmici' in IIun rogion, it iniiy ho pro-

o\irod horo in uidiinilod ipimitity.

tiuildinfi Mnferials.- -'Vhv viiliio of tho liniosloiu'N of tho Niiigiira group
for Iho purposi'N of oouNtruoflon, has hoou tostod lliroiighoiil woNlorn Now
York and Canada VV««nI. Tin- looks and olhor Niriioluri'N on tho woNlorii

part of tlio Krio and Wolliind <iiniils, iiro good oxiiniploN of Ihc durahilily

«)f this lin\ostoii(>, and its ndaptation to suoh works.

It has lu>on d«>tornuiiod hy oarofiil oxporiinonts, iniiih! in Knghiiid, on])o-

oially with a viow to Iho soloolion of tho inntoiial for tho now hou.soN of

I'arhainont, that thoso liniostonos aro niosl duraltlo, and host in ovctry

iTspoot, in which tlu> iiuio and tnagnosia oxist in Iho proportion ro<piirod lo

)arl of tho hotis

nicludo (init

form a i)ropor doloinilt'. lius is iiio oiiso wiiii u largo part <

of tho Niagara gr»uip in this tlistrid, and, hoiico, wo should o(...> .„,.,..

thoy wouhi furnish a durahio hiiilding stono. Thoy also ooiitainhut a vory

minuto portion of soluhlo salts, or of protoxido of iron, which aro gonorally

allowo<l io 1h< dolriuiontal to tho durability and hoauty o( a nuitorial

intondod for architectural purposos.

/\ III I K\ iti'iiitMi \<i lilt i^Miti iiiii\m\Mi«.-^f \«^i Killing IM III v.: IMIIII'II Lll^'**i'9

will also ho I'ouiul availahlo for tho sanio purpofios. Tho liinoHtoiie of this

?[roup, at tho mouth of tho Kscauflha, \uay ho instancod as a good locality

or a durable huilding matorial.
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OttKM Ann OTIIKIl nVllMTAHCVM Of KCONOMlCAL TALUE.

TriU'.cN of cdppcr iin; not iiiilW<(|iti<rit in the Nanilntone, even ut a ilMtanc«

i'roiri ttio Iriippi'fin lielts ; Init tln-rc ih no r<-(inon to Niippooc that thtTC are

anv nii.'titliii; veinM of nny vitlim, either in the NuniUtiineH or limeNtoncN of the

palii*o>!oie NericN in our (lintrict.

With rej^iinl to the oeeurrenee of orew of le««l iinil other rneUilN, in the

Nwiithern portion r>f the iliNlriet, Mr. WhitUeNey inukeN the i'oll(/wio[(

i'(!iiiiirkN :

" From the general liejicf wliieh prevaiJH atnon^ thow: renidin^^ on the

Hhorew of (Ireen Hay, ami Ihe nu/neroiw riimoiN alloaf, re«|H;etin|{ the ex-

iNlenee of tend, r(M)per and silver, iin explorer in that quarter would be ltd

lo indulge in high hopcN of NU(;reHN.

Many of the Nuppr>Ned tuetdlN, on inquiry, are found toexintonly in the

NtoricN of IndiiinN, wlio are fond of 1ellin|{ tmirvellouH tbin^M, and ever

ready to feed the (sedulity of the wbileN. There ar<;, hf.»wcver, well-au-

thenticated eiiNeN of the oceurrence of bud, copper, and wilver; but tlitHe

have, for the nioNt piirf, been triiced direcdy to the drift. Ah it i8 now
Nettled that the foree, whatever it wiin, whieli denuded the eountrv and
traiiNported the IdoekN id' roeks and the beilN of Hand and clay, acted from

the north towiinlH (be Moiifb, it IoIIown, fbat the oich which exist at the

nordi would be lound in the detritiiN at die Noiidi. Hlor;kH of native cop-

per, according to Mr. Lnjdiiim, have been found in WitconNin iiN far Houth

UN Milwaukee and Macine ; nnd, according lo Mr. Hela Hubbard, un far

N(;utb UN the county of Herrien, in the Matr of Micbif^an. We aaw alinoMt

every mile al(mf{ the northern Nbore of liuke Micbi^iui, line illuNtrationM of

thiN trani«iportin({ power, in the rolled jtiereNof miignetic and specular iron

oreNcatteredaloiif^ ihe beach, from hrummond'N island to (Jreen Bay. They
varied in weight from a li;w i^niiuN to two or three, hundred pounds.

The (liilenu limeNtoni! in WiMconni/i and Iowa is richly irnprei^natcd with

lead. The reported occurrence of this nietiil in the Nandstone ol the Oconto
and PeNbetego riveiH iw undoubtedly true, tin it occurs, umler similar condi-

tions, farther west; but not in such <|ii}intitieN as to ^f'lvc «'ncouracenient to

mining enterprise. It exists, also, in some of the Silurian groups which form
the coast of Lake Michigiin, froin (ireat Hay ilen Noquets to Seul Choix.

The same rocks appetir on the west shore of the lak<;, and on the east coast

of (ireen Bay ; ami, iiccordinj^ t(t Mr. liajdiam, in their south-westerly ex-

tension, connei't in the valley of Kock river with the true lead-hearing

rocks of Wisconsin and lown. East of Hock river, they have not as yet

been found to contain any productive veins. They lack that frequency,

o])enneHS and rejriilarity of fissure which seem essential to valuable deposits.

Fra(rments of lend may niso hnve been distributed over portions of the

north-west by means of tlu! Indians; for, it is well known that they were in

the habit of rcsortiii|f to the mines and procuring specimens for traffic, long

before the whites took possession of the country. 1 have seen specimens a
lew inches in diami'tor, perfectly nngular, three hundred rniles from the

parent source, which were thus distrilmted by the agency of the red man.
Float mineral, or that dispersed by the drill, is invariably rolled and water-
worn. Its presence is to be regarded merely as an inducement io search,

and not as conclusive evidence that the parent bed exists in the vicinity."

Gypsum.— Below th« limestone of Mackinac, ati observed by Mr. Whit-

£; b'
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tleaey, there is a marly bed about fifty feet in thickness which contain!!

Sypsiun. It is generally of a brown cast, with spots of white ; and, no

oubt, exists in large quantities. The northern out-crop of this bed is not

very broad, and would be represented on the map by a curved line from

St. Martin's island, extending back from St. Ignace and Gros Cap and inter-

secting the lake at Pointe aux Chenes. It does not everywhere contain

gypsum, but incloses this mineral in the form of nests, or irregular patches.

it has been quarried at Pointe aux Chenes. In the shoal water around

St. Martin's island, when the lake is low and tranquil, it may be picked up
in blocH of fifty or sixty pounds weight. Much of it is impure, being more
cr less mixed with carbonate of lime.

If a search were to be made for workable beds, the best mode would be
to find the marly stratum, where it emerges from the lower surface of the

brecciated limestone, and there bore through it, examining the borings with
care for gypsum. As this substance may not be readily recognized in a
pulverized state, by the ordinary observer, we give the most obvious tests:

On the application of sulphuric, or nitric acid, no effervescence takes place;

whereas, with carbonate of. lime, it does. When exposed on red-hot coals,

it decrepitates, becomes white and splits into brittle plates. At a tempera-
ture of about 400° F., the water of combination escapes, attended with
ebullition.

The presence of ten or twelve per cent, of carbonate ot lime improves its

quality. Used as a mortar, it becomes more adhesive, and stucco work,
executed in this manner becomes firmer and more durable.

Geologically, the position of this gypsum corresponds with that of San-
dusky Bay, Ohio, and that of Grand river, Canada.

.. .. i ,
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CHAPTER Xm.
DESCRIPTION OP NEW, OR RARE SPECIES OP FOSSILS, PROM THE

PALiEOZOIO SERIES.

BT JAMES HALL.

Marine Fossils from the Potsdam and Calciferous Sandstone.— From the

Chazy, Birds-eye, and Black-river Limestones, and the Hudson-river

Group.— From the Clinton Oroup.— From the Niagara Group.—From
the Upper Helderberg Series.— List of Organic Remains,— General

Remarks.

POTSDAM AND CALCIFEROUS SANDSTONES. >

i-

This sandstone cii Lake Superior, so far as we have been able to observe, i- i

is generally destitute of fossils. It is true, the incoherent character of 'if
much of this rock, alone the southern shore, would, in some degree, pre-

vent the recognition of the small shells of the Lingula, which is the pre-

vailing fossil of the same formation in other regions.

In 1845^ Mr. Forrest Shepherd brought from Tequamenon Bay, two speci-

mens of sandstone containing Lingular. The rock was composed of rounded
grains of quartz, cemented by calcareous matter, having the appearance ot

Oolite, and corresponding, in general appearance, with the upper part of the
Potsdam, in other localities. In a small fragment were parts of five separ
rate valves of Lingula, two of them nearly entire. The form of the entire

shell is round-obovate, and more elongated in proportion to its breadth than
the ordinary specimens of L, prima from \e same sandstone in New York,
Nevertheless, I am not prepared to describe it as a distinct species. A
careful comparison of specimens shows that the shell is very variable in the

proportions of length and breadth.

A comparison of these specimens from Tequamenon Bay, with the round
forms from the St. Croix, shows such a close similarity, that I have little

hesitation in regarding it as the same species. A careful measurement of a
number of forms shows that the proportion between length and breadth is

very varying; i;i some cases the length is equal to the oreadth; in others

one-fourth to one-third greater. Externally, the shell shows distinct, con-

centric striae, and, sometimes, faint, longitudinal striae ; the latter becoming
more distinct in the cast, or where the external shell has exfoliated ; and,

in some instances, they are very prominent. This is decidedly a variable

character, both as shown on the casts, and upon the interior of the shell

;

the former often appearing quite smooth, perhaps from accidental causes.

Specimens from the EscanSba river, in the lower part of the calciferous

sandstone, resemble, in all of their important characters, those from
Tequamenon Bay. From the comparison of specimens, I am inclined to

unite all these in one species, which, in its wide distribution, and in more or

less favorable situations, has undergone considerable changes ; but showing
its most perfect development in the calcareous beds on the St. Croix river,

which are crowded witn the valves of this species, and another so closely

resembling the L. antiqua, that I have not found characters to warrant th?
separation. :i . i 111-.

J
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From the number of indivi(lii<il5 occurring in the small fragment, from

Tequamenon Bay, it Ik evident that, at that point, the rock was highly

charged with thcfW! forms of organic life. These were not generally distri-

buted, bat reitricted to particular layers of greater or less vertical ran^^.

In the almost purely quartzosc beds, as for instance, in New York, it is

difficult to aiecrtain their true form, or proportions ; but, as the beds become
more calcareoui, the shells acquire greater dimensions, and are far better

preserredy both in their outlines and their external markings.

LiNGULA PRIMA.

Plate XXIII., figure 1, a, 6, c, d, e,f, g.

Lingula prima Conrad, Palaeont. N. Y. Vol. I. p. 3, Plate I., figure 2.

Fid

Shell round, or roundish, obovate ; beak obtuse; lunbo elevated; base

rounded, or fub-truncatc ; surface marked by close concentric striae, and,

at wider interval*, with more prominent lines of growth ; longitudinal striae

more or lew diatinct, often scarcely visible on the exterior of the shell

;

muscular impreMion.

The form of the ahell is often altered by the sides being more or less

rounded, and sometimes nearly straight, from the broad base to the obtuse

beak. In many instances in the New York specimens, the longitudinal

strise are more prominent than the concentric ones ; but, in a larger number
of specimens, procured since my description of the New York specimens

was written, i find this character extremely variable, and, in some of them,

scarcely visible.

Some of the illustrations in Plate XXIII. are drawn from specimens col-

lected by myself on the St. Croix river. These, together Avith those pre-

viously given, will enable the collector to form a correct opinion of the

characters of this widely-distributed species in the oldest fossiliferous rock.'

Fig. 1. a, Specimen f^om Teqoamcnon Bay, form, obovate.

Fig. 1. b, Speefm«n from the Escanaba river, having a foi-m similar to that from Tequa-

tenen Bsy.

Fig. 1. e,d, Sinillsr forms from the St. Croix river.

Fig. 1. e, Alber fimn of thi« species.

Fig' !• A 8t Mtueolar impreMions on two valvea.

LiNOULA ANTiqUA.

Plate XXIIL, figure 2, a, h, c.

Ill -^^'w^**'* aw^t^Mtf Hall, Palaeont. N. Y. Vol. I. p. 3, Plate I., figure 3, a, c.

t

f

The specimens frotn the; Potsdam sandstone in the North-west, when
compared with thost? from New York, prove so similar to this species, that

I can only regard it as the sa.iie, but developed under more favorable cir-
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cumstances. The great number of well-preserved . imens enables us to

indicate its character and form, more fully than the imperfect specimens
described in the New York Palaeontology. The absence of longitudinal

striae, in the specimens described, is owing to the imperfection of the speci-

mens ; but there are other specimens from New York which exhibit this

character in as marked a degree as those from the North-west. In many
of the latter, the width, at tne base, is proportionally greater than in those

of New York, and, in the same individuals, the beak is proportionally more
extended. We have, thus far, comparatively few specimens from New
York, and, until we possess more extensive collections, the proper com-
parisons for determining the question can scarcely be made.

Fig. 2. a, h, e, Different individuals, showing a variety of forms. '

In connection with the Lingulae on the Escanaba river, I collected a
number of obscurely pointed, triangular bodies, like those described in the

Palaeontology of New York as Theca ? They are, however, too indefinite

to be described with any advantage at the present time.

jtf

^fll

TRILOBITES OP THE POTSDAM SANDSTONE.

In the Lake Superior district, the only fossils seen in the Potsdam sand-
stone, in addition to those just described, are the fragments of one or more
species of Trilobites, which were found on the Menomonee river. These
have the characters of the Ogygia, or Brontes ; but those in the possession

of the survey, are too imperfect to admit of a satisfactory determination,

A farther examination of the prolongation of this sandstone across the in-

terval between Lake Michigan and the Mississippi and St. Croix rivers, has
resulted in satisfying us that the sandstones of the two termini are identical

in age, and the Trilobites specifically the same.

These facts increase the interest of these specimens, and suggest the hope
that we may yet find Crustaceans in more eastern localities.*

With the above suggestions, as to the relations of the genus figured, I

adopt the name proposed by Dr. Owen, presuming that the specimens col-

lected by him warrant the establishment of a new genus.

DiKELLACEFHALUS, D. D. OwCH.

Plate XXIII., fig. 3, c, 6, c, rf, e, and fig. 4.

The fragments in our possession do not admit of a complete description

• I have recently I'eceived from Professor Adams, of Amherst, specimens of partially

metamorphosed sandstone from Salisbury, Vt., which he regards as the equivalent of the

Potsdam. The specimens have all of the characters of the purely quartzose variety of this

rock, and contain fragments of crinoidal columns, and casts of an acephalous bivalve, simi-

lar to Modioiopsis.

Such facts are highly interesting, and promise important results for the friture. Since,
however, no known fossils of the Potsdam sandstone occur with those Just mentioned^ it ra<

quires a careAil scrutiny to determine the age of the rock in situ.

/
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of this fossil. The cheeks are projected posteriorly mto long spines. In

one fragment, a line, which may have been the facial suture, reaches to the

margin just within the angle. The spines are long, gradually curving and

becoming round towards the extremity. The surface is marked by strong

elevated striae ; caudal shield semicircular, the axis prominent and obtusely

conical, extending about two-thirds the length, marked by five distinct

rings : iii the cast, there may have been six or seven in the outer-crust

;

lateral lobe, with seven ridges, four of which may be called bifurcations

of the second and third, which are simple in their origin ; margm flat, or

depessed just within the margin.

The margin is broken off, and its original extent not precisely defined :^

some faint remains of strise are preserved ; but, from the friable nature of

the rock, it is impossible to determine the character.

It is very apparent that there is a degree of similarity between the tail

of this species and the Ogygia Portlockii ; but the difference is quite spe-

cific, and the cheek-shields present few points of resemblance.

The glabella figured on the same plate, fig. 4, :s from the Mississippi

;

and though the identity cannot be positively detenuined from this fragment,

yet the fragments of cheek-shields found with it are undistinguishable from
our specimens. From an e.ramination of these and other similar fragments,

I have been inclined to refer the species to Ogygia.

Fig. 8. a, 6, e, Fragments of the cheek and the prolonged spine.

Fig. 8. dt A fragment of one of the pleura, shewing a groove nearly the entire length,

Fig. 8. e, The tail of this species.

pig. 4. A glabella, probably of the same 'species, from the Mississippi rirer.

Locality.— On the Me*?omonee river, above the Grand Rapids, in the

Potsdam sandstone.
*

Fossils feom the Chazy, Birds-eye, Black River, and Trenton
Limestones and Hudson-river Group.

H 'I

')

i

:

t

1" : .1; I if
1

i •! \i i
1' ' i Hi

ii i 1 ^

The following are among the undescribed and little-known species, col-

lected firom these groups ; out principally from the two latter.

Phbnopoba multipora.

Plate XXIV., figure 1, c, h.

Frond broad, irregularly ramose ; branches not numerous, broad, flat and

thin ; surface marked by numerous parallel or slightly diverging rows of

minute, roundish oval pores ; each row of pores separated by a distinct,

elevated line, in a direction parallel to the axis of the stripe or branch, and
diverging at the bifurcation. Pores, fifteen in the eighth of an inch trans-

versely, and eleven or twelve in the same space longitudinally. Width of

stripe, one-half to three-fourths of an inch.

The character of surface in this species is much like Stictopora; but it

Offers from the type of that genus, ia wanting the non-poriferous, striated
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Paleontology of J^Tew fork, vol. 2, p. 46.

Fig; 1. a, Fragment of a specimen of thia speoiei.

Fig. 1. i, As enlargement of ttie surfkce.

Locality,— Banks of the Escan&ba river, below Indian creeki in the

Trenton limestone.
«

Clathropora flabellata. nov. gp.

Plate XXIV., figure 2, a, b.

Clathropora, Palaeont. of N. Y., vol. II., p. 159.

Frond expanded, flabellate, somewhat plicate towards the base
;
perfo-

rated by numerous roundish, or oval openings of variable size '^ cells mmute,
rhomboid-oval, arranged between obliquely ascending lines or laminae

;

axis concentrically striated and corrugated around the perforations.

This species bears a very near resemblance to C. frondosa of the Niagara

group. In that one, however, the frond appears to be thicker, and the

perforations smaller and more irregular. The cells in the present species

are more oval, or elongated than in the Niagara species. The similanty of

the two, however, is very striking, and requires a careful examination to

distinguish between them.

Fig. 2. a, An indlTidnal nearly entire, showing the form from near the root to the margia

on the upper leit-hand side.

Ftg. 2. b, An enlargement of the surfiice.

Locality.— Banks of the Escanaba river below Indian creek, in the

Trenton limestone. *

Cll£TETES LTCOPERDON.

Plate XXV., figure 1, c, 5, c, d.

Chatetes lycoperdon Say, Palseont. N. Y., Vol. I. p. 64, plate 23, figures

fl
1, 2, 3.

«

I have heretofore described this species as occurring in hemispheric an
ramose forms ; the former, in many instances, graduating into the latter by
the projection of branches from a solid, or spheroidal mass. It is possible

that there are other minute branching corals otlen confounded with this

species, since it requires a careful examination to distinguish them. All of
the New York species, whether hemispherical or ramose, are smooth ; but
at the West and North-west, both forms become nodose, or have the svurface

covered with little stellate elevations. One of these has been described as

II'

1^m
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a distinct species, and it may prove that there are several, since there is n
considcrublu variety of surface presented. Under an ordinary magnifier,

however, the cells all appear alike, and I have not yet been able to distin-

guish the different species by this means.
On the Escan&ba river, where I observed a greater number of these

corals than at any other locality in ths district, a large majority of the spe-

cimens, both hemispheric and ramose, have a nodose or stellate surface.

Thi» character ia so remarkable as to deserve notice, since it appears to be
peculiar to western localities.

•

Fig. 1. a, A Riuall, hcmlsphorlc spociraen or the natural size.
'

Fig. I. b, A portion of Uio aurruco enlarged, uliowlng sumo of tho elevations to be solid,

or pierced only by the culls, wliilo others consist of elevated borders around a largo cell.

Fig. 1. c, d, Two IVugments of brandling forms, the aurfoco presenting tho nodose charac-

ter in diflerent degrees.

Locality.— Banks of the Escanaba river, two miles below the mouth of

the Indian creek.

ScHIZOCRINUS NODOSUS ?

Plate XXV., figure 2, a, b, c.

Schizocrinui nodosus, Palaeont. N. Y. Vol. I. p. 81, Plate 26.

9H
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The columns of this species are very abundant on the Escanaba river,

^d attain a much larger size than those of the same rock in New York,
and other eastern localities. The great number and large size of these

fragments indicate a more fa/orable condition for the growth of these ani-

mals than at any other locality I have examined. Slabs of several feet in

(extent are often thickly covered with fra^ents, as represented in Fig. 2, a.

Some of the fragments measured half an inch in diameter. Many ofthem,
either from age, or from having been worn down, do not preserve the nodes

upon the joints, but, in well-preserved specimens of medium size, they are

always conspicuous. Since the columns, with or without nodes upon the

larger rings, are indiscriminately mingled together, and since we have no
evidence from other parts of the animal for distinction of species, I include

them for the present imder one head.

Locality.— The banks of the Escanaba river, two miles below the mouth
of Indian creek.

EcHINOlSPHAtRITES ? nOV. Sp.

•I.

PlateXXV., figures, fl, 6.

The only specimen of this f()ssil obtained is a fragment less than half of

the entire sphere. From the structure and arrangement of the plates, I

I
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mort accessible to explorers, we may ne able to present more complete

illustrations of this and other species of the same family.
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Indian creek.
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CRINOIDEii:, 01* CVSTIDE*.

Genus ?

Plate XXV., figure 4, a, J, c.

,
,T!*his body consists of a ring, or a sac, the upper edge of which only

appears, composed of numerous plates joining by their broader edges. Tbie

Upper, or exposed surface of the plates is sculptured, or granulated, convex,

and not closely joined together at the upper angles, presenting the appear-

ance of somewhat quadrangular tubercles ; exterior margin of each plate

furnished with a thin, wing-like expansion, marked l^ two di 'erging ridges.

This curious body is evidently crinoidean, from the charader and struc-

ture of the plates. The ring presents an appearance very similar to the

row of plates surrounding the valves which close the ovarian aperture in

some Cystideans, but the number is far too great, being, in one specimen,

twenty-nine, and apparently not less in the other. The inner faces of the

plates, moreover, do not present any appearance, as if for the attachment

of other plates, or valves. It is possible that it may be the elevated, mar-
ginal ring of some one of the sessile crinoids, though the arrangement of

the plates is more regular than in any species known to me.

Fig. 4. a, £, Two individuals of this Rpccica, tho ono liaTingthe plates nearly one4bird

larger than the other.

Fig. 4. e, An enlargement of one of the plates.

Locality.— Banks of the Escanaba river, two miles below the mouth of

Indian creek, in the Trenton limestone.

'! ii
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MuHCHtSONlA MAJOR. tlOV. Sp.

Plate XXVI., figure 1, a, 5, c.

Shell teretely conical
I
volutlohS about six j lower one ventricose ; upper

ones less prominent, and diminishing from near the base to the suture above.

The specimens are all casts, and the external makings are not preserved

* The uuuterous concavo-convex bodies found on the glades of Tennessee, and which, at

firat view, appear to belong to this genus, are different bodies, although I can refer them to

no other than Rome organism of thia class*

* IJ 'I
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In its form, it resembles M. belhcincta, but the volutions ascend moi^e

rapidly and are not so ventricose. The shell attains a large size and is

quite abundant. ,

Fig. 1. a, A specimen of medium size, nearly entire.

Fig. l.b, A longitudinal section of a larger individual.

Fig. 1. c, The two lower volutions of a large individual

Locality.—Western shore of Green Bay, in Trenton limestone

P
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AsAPHUs Barrandi. nov. sp.

Plate XXVII., figure 1. c, 6, c, d, and plate XXVIII.

Broadly oval ; length about once and a half the width, (length 5| inches

breadth 4 inches) ; head semi-circular ; the posterior angles prolonged into

spines which reach backwards beyond the segments of the thorax, upper
surface imbricate, striate ; anterior and lateral margins with an elevated

border; glabella clavate, broad and prominent towards the front, depressed

at the neck and marked by two slight, sharp, transverse grooves, with a

slight prominence in the centre, as shown in the cast, above the neck-fur-

row ; eyes large, placed a little behind the middle of the head and close

to the furrow separating the glabella from -the cheeks ; hypostome arched

at the base and deeply crescentiform at the apex, each horn presenting a

strong, elevated fold along the inner margin ; anterior to the base of the

horns, is c strong tubercle, and between and behind it, a depression ; thorax
composed of eight slightly-arched articulations ; axis well-defined, and as

broad in the upper part as the length of the pleurae
;
pleurae straight for

about half their length, and from thence gradually bent downwards, fur-

rowed from the base about two-thirds of their length,; extremities broad
and flat ; tail, nearly semi-circular, being a little longer, but scarcely nar-

rower than the head, (length 2g inches, width 3j J inches); axis prominent,

gradually narrowing, and terminating abruptly at the flattened margin a

little less than three-fourths the entire length of the tail, marked by about

fifteen ridges ; the lateral lobes, marked with eight or nine furrows which
extend in the upper part two-thirds, and in the lower part one half, of the

width ; the margin of the tail broad and concave ; entire surface marked
by elevated lines which ramify and inosculate in a beautiful manner.

I have but a single tolerably perfect specimen, all the others being frag-

ments. In the larger and nearly entire one, the upper part of the head has

been removed, showing the lower plate with the hypostome attached and in

its proper place, though the whole head appears to have slipped downwards
so as partly to cover the first articulation. The impression of the posterior

spine is shown extending backward as far as opposite the fourth articulation

of the axis of the tail. The crust is, in a great degree, removed, and on

what remains, the imbricating striae are coarse and stroner. In other sneci-

mens of smaller size, these striae present the beautiful appearance described.

The rings of the axis of the tail are obsoletely nodose, there still remaining

the appearance of a double row of flattened nodes down the axis. The
sumNr of furrows in the ^xis of the tail appear? to be as many in the
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smaller speeimtns as in the larger ; and in the large one figrired thcjr are

very obscure, from compression of the specimen and the removal of the

crust. In young specimens the tail is very convex, but in all of the larger

ones it is flattened. This difference, however, appears to be due to the

character of the rock in which the latter are imbedded, while the small

specimens, in the limestone, preserve their natural forms.

This species has considerable resemblance to A, tyrannus of Murchison,

the most prominent differences being in the prolonged spines of the

buckler, and the shorter and proportionally broader tail in one species.

The pleuree, also, arch downwards towards the extremities more than in

the figures of A. tyrannus. The glabella is proportionally longer, and the

form of the hypostome different, the horns at the extremity presenting a

wider arch.

Figure 1. a, the glabella and part of the cheeks of a large specimen.

Figure 1. b, the glabella, showing the anterior raised margin, and the conrae of the fitclal

suture from the eye forward.

Figure 1. c, the cheek shield of a large individual, showing the prolonged ipine, which i«

imperfect at the extremity.

Figure 1. d, the tail of a small indiridnal, very entire, and preserving the cniat over s

large part of the surface.

Plate XXVIII., a nearly entire individual of large size, the crust from the npperiide of Ibo

head having been removed.
"

Geological Position.— I first noticed this species in the limestone of the

age of the Birds-eye, on the St. Mary's river. Subsequently, I saw it in

the same position near Plattsville, Wisconsin, at a locality shown mc by the

Rev. John S. Lewis. At the latter place it occurs in a limestone which
holds the place of the Birds-eye, possessing many of its characters, as

well as some of its peculiar fossils. It also occurs m some shaly or flaggy

layers, associated with the thin stratum of limestone, and in them the finest

specimens have been found. It is from a layer of this kind that the large

specimen figured was obtained, by Mr. Pickard, of Plattsville. The litho"

logical character of this layer is almost precisely the same as some sped-

mens^f Llandeilo flags, containing Ogygia Buchii.

HaRPES ESCANAIBIiE. nOV. Sp,

Plate XXVII., figure 2, a.

A single marginal plate, or shield, of the head of this fossil, is all that

has fallen under my observation. The lower portion is exposed for about

an inch on one side, and more than half as much on the other. It gradu-
ally diminishes in width from the front backwards, and is marked by
rows of pores, the outer and inner of which are larger than the inter-

mediate ones. The marginal rows of pores are regular and parallel to the

margin ; of the intermemate ones, there are three or four in front and one
at^ne most posterior portion visible.

This portion of the fossil bears some resemblance to H. Doranni, of Port-

lock, but is, nevertheless, a distinct species.

Geological Position.— Trentoix limestone, on the banks of the Escanilbn
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rirer, below Indian creek. It is here associated with Chatetes lycoper'

don, Leptana alternata, Orthis testudinaria, Fhacops callicephalus, Ccrav^

rus pleurexanthemus, and many other fossils of this group. It is the first

example, to my knowledge, of the occurrence of a species of this genus in

the lower Silurian strata, and a genus hitherto unlaiown in this country,

unless, as I suspect, the fossil figured and described by me as Ceraurtcs ?

pustulosus (Palaeont., N. Y., Vol. I., page 246) prove to be a species of

Harpes, the crust being removed, which gives the pustulose appearance.

Should it prove to belong to this genvs, it is still quite a distinct species

from the one now described.

Phacops callicephalus.

Plate XXVIL, figure 3, a. b.

Phacops callicephalus, Palaeont., N. Y., Vol. I., p. 247.

This species occurs in considerable numbers in the Trenton limestone

upon the Escanaba river. I have seen only the separated heads and tails,

but these are in greater numbers, at this one locality, than all I have seen

in the state of New York.

Fig. 3. a, The head of this Trilobite.

Fig. 8. 5, The eye enlarged.

The individuals observed at this locality are smaller than those in the

same limestone in New York. The same is true of the Ceraurus pleurex-

anthemus, which also occurs here. It is probable that the admixture of

arenaceous matter, while it does not appear to have interfered with the

production of species, has diminished their size. This fact is true of the

Crustacea and Mollusca, while the crinoidal columns are of a larger size

than at any other locality observed.

Catenipora gracilis, nov. sp.

Plate XXIX., figure 1, a. b.
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Coral massive, or hemispheric ; cells quadrangular, or sub-oval ; walls

thin ; interspaces rarely thicker than the walls ; arranged in a single series,

in wide irregular reticulations.

This species differs from the C. escharoides in the almost quadrangular

form of the cells and the extremely thin walls, the reticulations are wider

and the whole aspect less solid than in that species. From C. agglomeratOf

it differs essentially in the form and arrangement of the cells.

Fiir. 1 . <i. A nart of the surface, natnial size.

Fig. 1. 6, An enlarged portion.

Geological Position,—This species occurs in the green shales aeu the
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upper part of the Hudson-river group, and, s« far as I know, is the first

time that a species of this genus has been found in the lower Silurian series.

Locality, eastern shore of Green Bay, Wisconsin.

Sarcinula? obsoleta. nov. sp.

Plate XXIX., figure 2, a, 6.

Coral cespitose, composed of irregular, cylindrical stems, which are con-

nected at intervals by lateral processes ; internally rayed and with trans-

verse septa ; externally striated

The internal structure is obscure, since both the rays and septa have been

removed and the interior is empty, or partially filled with crystalline matter.

This species occurs in immense numbers, forming, in some places, almost

continuous beds.

Geological Position.— This species occurs in the shales in the upper part

of the Hudson-river group, associated with Catenipora gracilis. It forms

continuous layfers on the eastern shore of Green Bay, above the entrance to

Sturgeon Bay ; also, on the west side of Big Bay des Noquets, where it

[has once formed a continuous stratum, in the ssme position.

This coral is of a type not observed by me in the lower Silurian series of

New York, or elsewhere.

Being associated with the Catenipora, a genus heretofore known only in

the upper Silurian series, the beds containing these fossils become of ex-

i

oeeding interest both to the geologist and the palaeontologist, for it will be
i in such beds, if any, that he will trace a continuation, or passage, of orga-

nic beings from the lower to the upper divisions of the Silurian system.

Fig. 2. a, A longittidinal view of a group of' these sterna.

Pig. 2. b, A transverse section.

Locality, eastern shore of Green Bay and of Big Bay des Noquets
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MODIOLOPSIS PHOLADIFORMIS, HOV. Sp.

Plate XXX., figure 1, a, h. c, and Plate XXXI., figure 1.

Shell oval-obovate, elongate ; base slightly arcuate in the middle
j

onvex in the middle and compressed towards the posterior extremity;
irabones prominent, hinge-line slightly arched, and, in some specimens,
icarly straight ; muscular impression, large and strong, near the anterior

[xtremity ; surface marked by strong folds or ribs, which, originating on
"e hinge-line, diVerge and curve gradually downward to the base.

All the specimens of this peculiar species, which I have examined, are

lore or less distorted, so that we may not be fully acquainted with the

prra. The peculiar surface-marking, however, is unmistakable, and in

early all the specimens is preserved, in some degree, in the casts. There
V^i's to be considerable differeace in the size of tibicse ribs ia different

M
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specimens, and it is possible that we have among them two species, which,

for the present, however, we prefer to regard as one. The form in many
specimens is similar to that of M. modiolaris, but in the surface-markings,

it is very distinct. In some specimens, however, from the same locality,

which appear to belong to the M. modiolaris, I have observed concentric

ribs similar to those in the species now described. In that species,

however, they appear more arched, and confined to the region of the

hinge-line, gradually losing themselves in the concentric striae, and are

quite obsolete towards the base. Nevertheless, we have never observed

this feature in the New York specimens, and these western ones, thus

marked, prove a distinct species.

Pig. 1. a, The left valve of a large individual.

Fig. 1. b, The right valve of a smaller individual, Imperfect at the posterior extremity.

Fig. 1. c, The right valve of an imperfect specimen, with ridges more closely arranged.

Plate XXXI., Fig. 1. Cardinal view of the individual, fig. 1, c, of the preceding plate.

Geological Position and Locality.— This species occurs in the marly

beds, constituting the higher portions of the Hudson-river group, on the

eastern shore of Little Bay des Noquets. It is associated with M. modio-

laris and Amhonychia radiata, with two or three species of Orthocera-

tites.

\>i

MODIOLOPSIS MODIOLARIS.

Plate XXXI., figure 2. a, b, c, d.

Modiolopsis modiolaris, Palseont. N. Y., Vol. I., p. 294.

I't

I

' 1 Si I

The specimens figured present the same variety of form as those

described in the Palaeontology of New York. In several of them, how-

ever, the concentric striae become strongly marked along the back of the

shell, formir^, as in the preceding species, ridges, or costae. The distinc-

tion between this and the preceding species is readily detected in tracing

the costae from the hinge-line towards the base, the one continuing distinct,

and terminating along the low^er margin, while., in the other, they become

merged in, and take the direction of, the concentric lines of growth.

It would be desirable to compare a large number of specimens froni

different localities, in order to arrive at an explanation of these variations

of character in what appear to be identical species. The specimens in my

collection from Cincinnati and Madison, la., as well as those from New

York and Canada, show scarcely any evidence of this character ; and, it is

not a little interesting to observe, that a locality, affording another species

so strongly marked, should also afford one simulating the same cha-

racters.

Fig. 2. a, Cast of a left valve, showing the muscular impression. The form is rathei

wider in proportion to the length Ihan is usual in this species.

Fig. 2. 6, Cast of a smaller specimen, Buowiug the strong ridges near the hinge-line.

Fig. 2. c, Cardinal view of the same.

Fig. 2. d, A short and bioad form of the sam.e species.

.i •»

'



ies, which,

til in inany

!-markings,

le locality,

concentric

lat species,

;ion of the

iae, and are

sr observed

I ones, thus

)r extremity,

lely arranged,

ceding plate.

n the marly

roup, on the

h JMT. modio-

if Orthocera-

2lS

294.

>rm as those

>f them, how-

[e back of the

The distinc-

pted in tracing

ming distinct,

, they become

rrowth.

)ecimens from

lese variations

3cimens in mj'

)se from New

[ter; and, it is

Inother species

Ihe same cha-

[le form is rathei
j

pe hinge-iine.

[4]

Geological Position and Locality.— This species occurs, with the pre-

ceding, in the higher marly beds of the Hudson-river group, on tha east

side of Little Bay des Noquets.

Ambonychia carinata.

Plate XXXI., figures.

Ambonychia carinata^ Palseont. N. Y., Vol. I., p. 294,
*

This species is abundant and finely developed on the eastern shore of

Little Bay des Noquets. The individuals are larger than usual, and their

forms generally well-defined ; but, owing to the crumbling nature of the

rock in which they are imbedded, it is difficult to obtain entire specimens.

CLINTON GROUP.

TRACKS AND TRAILS OF VERTEBRATES ?

As already remarked, few characteristic fossils of this period were recog-

nized in this district. The argillaceous limestones, which, for the most

part, represent this group, contain few fossils. The argillaceous sandstones,

which, in New York, represent the lower portions of the series, were ob-

served at only one place, on the eastern shore of Green Bay, particularly

described in' one of the preceding chapters. The surface of the slabs of

this sandstone is covered with numerous tracks and trails, made at the time

of their deposition, some of which differ so widely from those hitherto

observed, as to require a detailed description.

One of these, which is very remarkable, not only on account of its size,

but for other peculiarities, is represented in plate XXXIL This track, or

trail, occurs on the surface of a shaly sandstone, thinly laminated, indica-

ting that the laminae were due to sucf^essive depositions. The materials

were highly comminuted, and deposited in comparatively shoal and tranquil

water, since the marks of the rippling waves are impressed upon the slab.

The markings consist of a continuous depression, or groove, placed midway
between a series of imprints, made in succession and at regular intervals,

having a uniform character, as if made by the same organs. These' imprints

consist at first, as seen on the left hand side of the slab, of a single series f

on each side of the trough-like depression, each one presenting a duplicate.

Almost from the starting point, however, there are faint impressions of a i

second series, without and a little in the rear of the inner series. These,

farther on, are observed to be of the same form, but less distinctly dupli-

cate and less deeply impressed. For a part of the distance, these outer

impressions are quite distinct on one side, but for the remainder, they are

visible beneath the superimposed laminae of sandstr.ie. On the other, or

right; side of the trough, the outer series is very indistinct, appearing at

only one or two points, bein^ entirely obscured by the deposition of mineral

matter. The imprints cut the stone rather abruptly on the anterior side,

while on the posterior side, it is less so, and behind each one th« stone ia

elevated in a little r'.dge, or node.
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In some parts, the markings present the appearance ot three or four toe-

like impressions, less deep than where the duplicate character is only per-

qeptible. There is nothmg to indicate the attachment of long claws, or

fimbriated appendages.

The median groove is more shallow in some parts than in others, and, in

this respect, the foot-like imprints correspond in faintness and distinctness.

The distance from the centre of the median groove to the outer margin of

the second series is uniformly two inches, making the whole width four

inches. The distance of the imprints from each otner, in the line of pro-

gression, is one inch and three-sixteenths, there being only one or two slight

deviations, in twenty-four of these steps.

The slab, from which the figure is taken, is three feet long ; at the left

side, which is not represented m the figure, the imprints commence at the

edge,— the continuation in that direction being broken off— where both

the median groove and the foot-prints are slightly impressed, though still

quite distinct. As they advance to the right, they become more distinct,

but, before reaching the other extremity of the slab, they are concealed by
layers of sandstone which cannot be removed. The course of the median
groove is still perceptible from the depression of the laminae above it, and
there are even slight depressions corresponding to the foot-prints, neither of

which is represented in the figure. On this part of the stone, covering the

track, there are numerous trails and imprints, apparently produced by or-

ganic bodies, but which are too obscure to admit of any satisfactory deter-

mination.

It is very evident from an inspection of these impressions, that they have

been made by some animal in voluntary motion ; and it would appear as if

in the direction from left to right, for the reason already given.

When, however, we would offer an opinion, as to the nature of an animal

producing such a track upon the surface of an oceanic, or estuary beach, it

becomes a subject of no little difficulty. From all the previous facts in

our possession as to the character of the fauna which existed at this period,

our preconceived notions are strongly opposed to the admission of the exist-

ence, at this period, of quadrupedal animals, contemporaneous with corals,

crinoids, mollusks, and crustaceans, and the rare occurrence of fishes, as

indicated in a few and ill-preserved fragments of ichthyodorulites.

We have already been made aware of the trails of mollusks, during this

epoch, which have been preserved on the surface of the rocky strata ; and

there are others which may have been made by planarian worms, the bodies

of which may not have been preserved. I have also described other tracks

iiire imprints, possessing toe-like impressions, which possibly may have been

made by fishes. The impression under consideration, however, has a cha-

racter differing widely from all the former, and only, in some degree, allied

to the latter.

If we were, for a moment, to regard this track as havir^ been produced

by an articulated animal, with an elongated body, and possessing lateral

appendages, capable of making a double series of lateral imprints, we
n..'ist first compare thsm with those made by similar animals, before we
can become satisfied that such was their origin. In all of the trails I

have seen, which could be referred to mollusks, or to planarian worms,

whether made by existing worms, or by those which have left their impres-

•sions on the rocky strata, there is positive evidence of the body having

been pushed forward through the superficial sand, or mud, since there is



317 [4]

or four toe-

is only per-

ng claws, or

hers, and, in

distinctness,

r margin of

I widtn four

line of pro-

)r two slight

; at the left

lence at the

- where both

though still

lore distinct,

concealed by
the median
bove it, and
ts, neither of

covering the

luced by or-

ictory deter-

at they have

appear as if

of an animal

ary beach, it

ous facts in

this period,

of the exist-

with corals,

of fishes, as

tes.

during this

strata ; and

I, the bodies

other tracks

y have been

has a cha-

egree, allied

en produced

ssing lateral

mprmts, we
s, before we
the trails I

rian worms,

heir impres-

jody having

ince there is

I

raised up, on each side of the, groove, a ridge continuous with the groove

itself. In instances where these evidences of lateral appendages tire

observed, they have marked, at close intervals, the adjoining surface. In

the present instance, the shallow groove is not lined with a ridge, as in

those just mentioned, but aj)pears to have been produced by a bocly drawn
over the surface, while the anterior extremity was elevated above that

level, and, consequently, none of the mud, or sand, has been pushed out

of the track to accommodate the animal. The lateral appendages, there-

fore, of whatever nature they may have been, may be presumed to have

elevated the anterior portion ot the body above the surface. These
appendages, also, were of sufTiciimt strength and power to bear the weight

of the body "pon their extremities, as shown from the impressions being

firm, decided; and shows their depth that they were supporting a body of

considerable weight, while the interval between the extremities and the

junction with the body is clearly raised above the surface, and produces

no imprint.

Such, then, are some of the facts which ought to be regarded in forming

an opinion of the animal by which these tracks were made. Whatever
may have been our preconceived opinions, we find none of the characters,

pertaining to this track, resembling those of known articulated animals

;

and, if we would suppose that there may be large articulated animals

capable of producing such impressions, it appears to me that we have,

moreover, to suppose them provided with few—no more than four—lateral

appendages for locomotion, and that they were, by these, capable of

raising their bodies partially above the surface, and of moving by steps,

instead of the gradually advancing motion characteristic of those animals

of this class with which we are acquainted.

I have made these observations for the purpose of presenting the facts

in as clear a light as possible, and would cheerfully adopt an explanation

which would satisfactorily refer these peculiar markings to an articulated

body with the usual appendages. It now becomes important to find out

the nature of the animals capable of making such tracks as these and
others, which flourished during this period.

In doubting that they were made by articulated animals, I have been
wholly uninfluenced by the opinion of Professor Richard Owen, with
regard to the nature of the tracks foand in the Potsdam sandstone of
Canada

If we admit the existence of quadrupedal (chelonian) animals, during the

period of the Potsdam sandstone, we should find less diflliculty in supposing

that they flourished during the deposition of the Clinton group. It must be

remembered, however, that every step in the progress of geology has shown
the occurrence of the remains of higher orders of animals in deposits of an
earlier date than we iiad a right to infer that they existed ; and, although

discoveries of this kind were, on their first announcement, received with in-

credulity, yet ultimately geologists were compelled to yield to the force of

the evidence. It is not long since it was supposed that the mammalia did

not extend below the tertiary ; subsequently; they were found in the lias,

and now, it wftuld appear, they extend as low as the keuper. The tracks

in th' sandstone of the Connecticut valley are now admitted to have
been made by birds ; but for a long time the evidence was regarded with
distrust. The remains of air-breathing arjmals hpve now been found as

low as the coal, and the tracks of supposed reptilians below all the coal-

ft.
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•eamf.* The npple-marks and mud-cracks even so low as the Potsdam
Mndftone and the evidence of beaches in a higher position prepare us to

admit that there may have been conditions possible, at least, for the exist-

ence of air-breathing animals, even during these lower Silurian epochs.

The tracks here described bear a strong resemblance to those found in the

Potsdam namhtow, in the village of Beauharnois, on the south side of the

Sft. Lawrcnw;, twenty miles above Montreal, by Mr. Logan, the director of

the Canada survey .f Its similarity has also been recognized by Mr. Hunt,
of the Canada survey, who is familiar with the specimens collected by Mr.
Loean.

It would appear highly probable, that the track in the Clinton group was
made by an animal of the same class as that in the Potsdam sandstone, at a
time v/imn similar conditions prevailed in the palaeozoic ocean, and when,
in some ilesrcc, it was tenanted by similar organic forms, the Lingula being

the prevailuig fossil at both periods.

* Hr. LogMt WM the flrat to announce the occurrence of foot-marks in the ",oal measures
of Kora ScoUa. which appeared to Professor Owen to belong to somo unknown reptile.

Id 1844, Dr. Kinfc, of Grccnsburg, Fa/, announced to the Academy of Natural Sciences,
the oceurrenc«, in the coal measures of that state, of the tracks of two Saurian reptiles.

Lyell labsequcntly ritiltcd the locality, and considered them as belonging to the genua
C/uirit/ntrmim.

In 1850, Mr. Lea, of Philadelphia, announced to the Academy of Natural Sciences, the
discovery ofthn foot-prints in has relief, of a reptilian quadraped, lower in the series than
bad betbre bc'«n ol^crrcd, which ho provisionally named Savropus primews. They occurred
in a gorge of Sharp mountain, near Pottsville, Pennsylvania, in the red shale, or number
eleven of l'ro(ij»nor liogtitn*s classiflcation. The position of these foot-marks is about 8500
taet below th« vifper part of the coal formation, which there is 6750 feet thick.

WitUn tlMJ jtrenciit year (1861), Professor Rogers has found, in the same basin, similar

track* to t\umf d(!»crlbcd by Mr. Lea, as well as another set of smaller ones, reptiUan in

character, mtrerA\ hundred feet lower in the series. F. & W.
tProfeMor Owen, of the Royal College of Surgeons, who examined a slab of these sand-

atone*, on the iij^per surface of which the foot-prints arc impressed, and a plaster cast of the
remainder of tuo comtinnons trail, in all twelve and a half feet long, brought to London by
Mr. Logan, hatt communicated to Sir Charles Lyell the following description, which the
latter incorporate*! into his anniversary address, (Febniary 1861.)

"TiieinipremiotM are more numerous in regular succession than any that have been pre-

vionsly diacorcred ; no that the evidence of their having been made by successive steps,

afforded !» the JfHcccssion of corresponding prints- at rojrular intervals, is the strongest we
possess. They ars in pairs, and the pairs extend in tw<i i)arallel linear series with a groove
midway hetwetm the two series. The outer impression oi e;ich pair is the largest, and it is a
little behind the inner one. Both are short and broad, with feeble indications of divisions

at tlieir fore-iHirt— fhcy succeed each other at intervals much shorter than that between
the right and htt pair.

"The median gtoftre is well-defined, and slopes down more steeply at its sides, than
toward* it* t)otU<rrt, at »omo parts of the track. I conclude, from these characters, that the ani-

mal which left the track was a quadruped, with the hind-feet larger and farther apart than the
fore-fcet} with )nAh hind and fbre-fect very short, or impeded by some other part of the ani-

mal'* Rtrtictur'i fr'^rn making any but short steps ; that the fore and hind limbs were very near
each otlicr, Init ti»at the limbs of the right and those of the left side were wider apart ; conse-
quently, that tli«( nnimal had a short, but broad trunk, supported on limbs, either short, or
capable ofonlv nhurt steps ; and that its feet were rounded and stumpy, without long claws.

A* to the iiUiuiAU inijiression, that may be due either to a thick, heavy tail, or to the under
surface of the triink, dragged along the ground. The slope of the body and the structure

of the lindM, imlicatcd by the above described character of the steps, accord best with those
5f the land, or frwdh-water tortoises, and the median groove might have been scooped outby
the liai'd «urt5jc« *;f a prominent plastron.

The disproportion in the size of the forc-and hind-feet, is such as we find in some existing

Tdrrapenea e. g. the Emyi geograpkica."
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Tracks of Crustaceans ?

Plate XXXIII.

Impressions consisting of two parallel linear imprints, or shallow grooves,

extending continuously for short distances and again repeated at irregular

intervals, either in the same or a slightly varying direction. Wherever
there are several of these impressions near each other, only two lines are

parallel, one with the other, and have no connection with any other series.

The two lines are about three-sixteenths of an inch distant from each

other, usually direct, sometimes undulating and sometimes making an abrupt

curve. These linear grooves are usually of nearly equal depth throughout
their length, but in some instances there is a decided pit at one extremity,

as if the mud had been struck by a pair of parallel claws which were pressed

backward, and the grooves gradually dying out in that direction. In one

or two places, there appears to be a line of distinct, pitted impressions,

continued in the same direction as the groove.

In addition to the linear parallel grooves, there are, upon the slabs,

numerous pitted impressions like those just noticed which are often in a
continuous series, quite separate from any grooved lines, many of which
are simple, while others present markings as of claws, or toes, like speci-

mens from the same rocks in New York. (Pal. Vol. II. p. 26, et passim.)

Those now described appear to be due to crustaceans, rather than to any
other animal, since they resemble, in some degree^ marks made by existing

species of that class of animals. The surface of the specimen on which
these tracks are made, is covered with a thin film of shaly matter, in which
are imbedded, apparently, the remains of the macerated skeletons of several

Bryozoa, the structure of which is so obliterated, that their generic rela-

tions cannot be established.

We have known, for many years, that the Clinton group of New York
contains numerous trails made by different species of animals, or by ani-

mals of different size which may have been mollusks ; we have others

which, by the peculiar fimbriated character, indicate other forms ; and we
have those making distinct imprints, like foot-marks, with distinct toes,

which clearly belong to still another class. To these three classes, we may
now add those just described, which are quite distinct from either, and were
unquestionably made by animals of a very different organization.

We have, then, tracks and trails of five distinct types, which existed

during the deposition of the Clinton group.

Regarding, at the same time, the fact that no special attention has been

given to the examination of these objects, the specimens being mainly those

which have fallen under my observation while devoting myself to other

oljecls of pursuit, we may feel assured that we have much to learn in this

fie.d, which thus far has '•emained comparatively unexplored, but the results

of \ 'hich will richly reward him who undertakes it.

Geological Position and Locality.— I have already spoken of the geo-

logical position and locality of the argillaceous and thin-bedded sandstones

which bear iiiese markings, being ixi the lower portion of the Cliuloii group,

but above the Meduia sandstone. . ij now restricted in New York. They
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are associatod with strata which occur at the commoncement of the upper
Silurian epoch, belonging to that period of disturbance which preceded
the formation of all those calcareous strata of the upper Clinton and Niagara
groups, so highly charged with thu remains of corals, crinoids, moUusks
and trilobitos.

NIAGARA GROUP.

"i

'

m

The fossils found in this group are chiefly those which have been else-

where described ; many of which have been mentioned in the preceding

pages, and, therefore, it is unnecessary to repeat them here, farther than to

remark, that Catenipora escharoides, and two or more species of Heliolites,

with one or two species of Jlstrocerium, are the characteristic ones of this

group, thraughout its range in this district. Nearly all the larger corals

are identical with those in the same group, in western New York, and in

Canada West, while the smaller ones are much less numerous in the Lake
Superior district than at more eastern localities. The remains of Trilobites

are extremely rare, and only some few fragments have been observed. The
characteristic Brachiopoda are, also, almost entirely wanting at all the

localities which I examined. Several species of Orthoceratites have been

observed at ditferent localities ; but they arc so poorly preserved in the rock,

that they are of little interest.

Among the more interesting fossils of this rock, arc those peculiar forms

described by Dr. Bigsby, in nis paper on the geography and geology of

Lake Huron, as Huronia.*
In that paper, they were regarded as the remains of corals ; but, subse-

quently, Mi-. Stokes corrects this opinion, and regards them as the probable

siphuncles of Orthocerata.

They are analogous, indeed, in their form and general appearance, to this

portion of the Orthocerata ; but it is still very remarkable, that, in the

numerous examples observed by Dr. Bigsby and Mr. Stokes, not one should

have been found preserving some remains of the septa, or outer shell. The
example of Huronia Portlockii, given by Mr. Stokes, (Geol. Trans., Second

Series, Vol. V., p. 710, PI. IX., fig. 5,) does exhibit the appearance of

septa ; but it appears to me that this one is very different from the typical

forms of the genus, and may well be referred to Ormoceras. If the exam-
ples, such as Huronia Bigsbii, and H. vertehralis, which are often found

of considerable length, and in numerous individuals, prove to be the siphun-

cles of Orthocerata, they form an exception to the general condition of pre-

servation in these bodies ; for, in the strata where the remains of this family

occur in the greatest abundance, and in all degrees of preservation, there

are only rare examples of the siphuncle having been preserved without the

septa. In fact, both are one and the same thing : an extension of a lamina

of shell from the siphuncle, forming a septum, or, vice versa, the lamina)

of the septa curve around and enclose the open sippon tube.

The rare examples alluded to in Ormoceras and Endoceras, where the

siphuncle is preserved separate from the septa and outer shell, present a

• Geol. Transactions, Second Series, Vol. I.

on Orthocerata lb. Vol. V-

See, also, a paper by Mr. CbarlM Stokes

d
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tube of a different character from that of Huronia, and one which is at

once recognized ns belonging to the Orthocer^tideae.

The apparent insertion oi one joint within the other, in some species of

Huronia, is a character much more like that of Cornulites, and their shell,

the exterior of which is rarely preserved, is very like specimens of this

genus. It may be due to the extreme concavity of the septum, and the

enlargement of the siphuncle at the point where it is joined by the septum.

Whatever may have been the original nature of those fossils, it appears

to me that, even admitting them to have been siphuncles of some Ortho-

ceratite, the]^' still preserve characters which entitle them to a separate

generic description.

Huronia tertbbralib.

Plate XXXIV., figure 1.

Huronia vertebralis, Stokes, Gcol. Trans. 2d Series, Vol. I., p. 202 ; Plate

XXVIII., figure 2.

Tube elongated ; composed of joints, or articulations, of which the upper

extremity is the largest, and the smaller and lower extremity of the suc-

ceeding one is apparently inserted within the upper edge of the preceding

;

upper edge expanded and somewhat deflected. The surface sometimes

presents longitudinal stria;, but I have been unable to detect any other

structure, though, in some parts, the entire shell appear to be still

remaining.

A comparison of this fossil with some specimens of Cornulites, where

the shell has been partially removed, shows a striking similarity in the

structure and arrangement of the parts, except that in the latter fot>*l, the

Sints of which it is composed, diminish much more rapidly than in the

uronia. It is an interesting fact, however, that all known spt»<4es ol

Cornulites belong to the Clinton and Niagara groups, and are of th« same
epoch of the Huronia.

The specimen figured is somewhat distorted by pressure, but t)-« pro-

portion of the parts and general form indicate the species describee! under

this form by Mr. Stokes.

Geological Position and Locality.— This, and other specimens, were

found by Messrs. Whittlesey and Desor, at Orthoceras Point, about eight

If miles east of the Detour, on the north shore of Lake Michigan, anti from

the position of this place, they occur in the central, or higher portions; «f the

rock ; thus affording a new locality for these singular fossils.

Huronia annulata. Nov. sp.

Plate XXXIV., figure 4.

Compare Hitronia Bigsbii, Stokes, Geol. Trans., 2d series, Vol. L, p. 203;
Plate XXVIII., figure 1.

PI
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Tube, or column, cylindricnl, or sliphtly tapering ; (Composed of ioints

which are of nearly equal diameter throughout, except the abrupt enlarge-

ment at one extremity, which forms a strong annulation ; length of the

joints about two-thirds their diameter.

In this species, the smaller end of the joint does not seem inserted into the

expanded portion of the other, but to rest upon it, and in many of them, it

appears as if expanded equally with the lower one, and that the two meet
on the centre of the annulation, as shown in the figure by the dark line,

which, in the specimen, appears like a suture. In this character, it pre-

sents a very remarkable similarity to a vertebral column and I should at

once have referred it to H. verteoralis of Stokes, but that in his descrip-

tion the tapering downwards, and the inflation above are regarded as

prominent characters. Our specimens agree better with the characters

given to^ H. Bigsbii', but in the figure of that species the length and
readth of the joints is much more nearly equal than in our specimen ; the

form of the joints is also more tapering, though I have observed this char-

acter in a few of the joints in the specimen figured.. This character is

somewhat apparent towards the right hand extremity of the figure. The
extremes of measurement given by Mr. Stokes, howevci, are sufficient to

make us hesitate in determming the species from the length and diameter

of the joints.

In this specimen, towards the right hand extremity, as shown in the

figure, there is an appearance like a tube penetrating the interior, a char-

acter noticed by Mr. Stokes.

When the specimen is broken, the interior presents an eccentric, tubular

cavity, lined with crystals of carbonate of lime. In the present condition

of the specimen, it is not possible to ascertain any connection between this

tube and any other part.

Both the specimens figured are in a light-grey sub-crystalline limestone

from the same locality. The associated ^ssils are the following species of

Discosorus and some trochiform Gasteropoda.

DiSOOSORUB CONOIDEUS.

Plate XXXIV., figures 2 and 3.

Discosorus conoideus, Palaeontology of N. Y., vol. II, p. 99, Plate

XXVIII, figure 13, a, b, c.

A conical body . omposed of a series of rings or discs, with rounded

outer edges, and flattened above and below. Each succeeding ring, or

disc, increases in size from the apex towards the base.

These discs are composed of a thick crust, or shell, having a fibrous

structure, which radiates from a small, central, tubular cavity, or space,

filled by a different kind of material. This cavity may, perhaps, commu-
nicate with the internal, conical cavity, formed within the entire series of

rings. The structure of the ring, in specimens of this fossil from New
York, resembles more nearly that of the Belemnite than anything else with

which I am acquainted = The specimens from Lake Michip-an afford no new
facts regarding the structurt of this fossil. One of the specimens has the
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two broader discs crushed, giving them apparently an abru^)tly increased

diameter ; but this appearance is entirely accidental. The oblique direction

of the discs and the curved form of the specimens are, in like manner, due
to pressure. The other specimen has the edges of the discs worn down,
the interior being crystallized, leaving only a thin exterior shell. This
crystallized interior cloes not represent the cavity before alluded to, but is

the substance of the thick shell, or crust, crystallized and partially rerooTed,

leaving a cavity.

These fossils were first noticed by Dr. Bigsby, on Dnimmond's island,

and were described and figured in the geological transactions before

cited, but without a name, and, so far as I know, they have remained
without farther notice, until the description cited above. I am unable to

find any characters by which to separate the species, now described, from
those found in the Clinton group in New York.

Geological Position and Locality.— The specimens figured were fbund
with Huronia, at Orthoceras Point, in limestone of the Niagara period

;

and also in the same rock on Drummond's island.

UPPER EELDERBERG LIMESTONES.

. Above the Niagara group, the first fossiliferous rocks belong to the age
of the upper Helderberg limestones of New York, the intermediate space

being occupied by the Onondaga salt group, which, so far as observed, is

non-fossiliferous throughout the district.

I have had no opportunity of examining any fossils of the rocks of this

age, except those from Mackinac, among which are '-rveral corals, inden-

tical with thf oi he upper Helderberg, a Trilobite resembling Phacops
bufo, a few iitachiopoda, which, from their condition, are not reliable, and
those fipurrd on Plate XXXV., which are recognized as species of the

upper Helderberg group.

DiCTYONEMA FENEBTRATA.

Dictyonema, Palaeont. N. Y., Vol. II., p. 174.

Plate XXXV., figure 1, a, 6.

Frond flabellate ; branches slender, bifurcating, and slightly divergent
j

united laterally by slender transverse filaments of the same substance as

the branches.

The substance of the fossil is carbonaceous, crumbling under pressure,

and leaving only a black stain.

This species resembles very nearly the Dictyonema gracilis of the Nia-

gara group, but the substance of the branches is thicker, and it does not

show the striae or indentations so conspicuous on that one. In the species

under consideration, I have not observed the separation of a thin homy
crust from the internal portion of the branches, as is distinctly visible in

D. gracilis.
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Geological Position and Locality^—In the argillaceous limestone of

Mackinac, associated with corals of the genus Callopora.

Pbcetus— ?

Plate XXXV., figure 2.

'i^\

li ]

m '

Tail having the axis marked by about nine or ten annulations, which are

broad and rounded in the crust, but thin and sharp in the cast ; lateral lobes

marked by six or seven ribs, which are slightly grooved on the upper side

;

these all terminate in a narrow, thickened margin; the axis scarcely reaches

this marginal fold, but terminates near enough to allow the space of the

longitudinal furrows to pass around the apex.

This fragment, which has a portion of the crust removed and otherwise

not entire, so nearly resembles a species in the Schoharie grit, that I cannot

doubt their identity. The number and character of the rings in the axis

and the ribs on the lateral lobes correspond in the two species, and even the

papillose markings on each side of the groove, in the lateral ribs of the tail,

are the same in both. In the Schoharie specimen, the thorax has ten arti-

culations, the eyes are large and reniform, and the head is margined by a
broad expansion, separated from the cheeks by a distinct narrow groove.

The posterior angles of this marginal expansion were probably continued

into spines, but in the specimen before me they are broken off.

Geological Position and Locality.—The specimen figured was found about
half way up the cliff, at the Arched Rock, Mackinac.

.|:

PhACOPS ANCHI0P8.

Plate XXXV., figure 3, a, b.

Calymene , cited with much doubt by Brongniart as being the Caly-
menc macropthalma. " Crustaces Fossiles," page 16.

Calymene anchiops, Green, Monograph, page 35,

Asaphus laticostatus, id. ibid, page 45.

i I.

Head somewhat semi-circular, with the posterior angles extended into

spines ; a strong spine proceeding backwards from the centre of the base of
the head

;
glabella very narrow behind, but abruptly expanding before ; eye

large and very prominent ; a broad, strong tubercle on the mner side of
eacn eye, and separated from it by a furrow. The furrow separating the

glabella from this tubercle is marked in the cast by two deep pits ; thorax
with the usual number of articulations ; tail large and strong, projecting

into a long and strong spine ; axis with ten to thirteen rings : lateral lobes

with seven to nine ribs.

This fossil varies to an extreme degree in its general appearance, from
the presence, or absence, of the crust which in the prolongation of the head
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and the tail, gives to it very marked and positive characters. The speci-

men referred to by Brongniart, is a nearly entire individual, with the ex-
ception of the extremity of the tail and the spines at the base of the head,

which are broken off, and the eyes somewhat mutilated. If wag a cast

of this specimen, now in the collection of the Albany Institute, which was
sent by Dr. Hosack to the Academy of Sciences at Paris. It is the same
specimen which Professor Green describes under the name of Calymene
anchiops, in his monograph of the Trilobites of North America. The
Jisaphus laticostatus of the same author, is the tail of that species entirely

denuded of the crust, and presenting the rounded form, shown in the cast

accompanying the monograph.
This Trilobite is so peculiar in the form of the glabella and of the tuber-

cles within the base of the eyes, that these characters alone serve to distin-

guish it, even in the absence of others. In one of the iragments before us,

the form of the glabella and the eye is well-preserved, and, at the base of

the head, the impression of the central spine with a part of it still remaining.

In this one, the lateral portions are broken off; but, in another specimen,

this part is better preserved, though, in other respects, less characteristic.

Fig. 8. a, A part of the head preserving the form of the glabella, the bases of tbo cj<i»

and the largo tubercles within the base of the eyes. The base of the central pos-

terior spine of the buckler is preser\'ed, and its extension shown in tlie stone encloting

the fossil.

Fig. 3. b, Another fragment of the buckler, preserving the lateral angles. The central

portion, with the spine, is broken ofi".

Geological Position and Locality.— These fragments occur in the cliff

of the Arched Rock on the island of Mackinac. The facts bearing on the

position of this rock have already been given, and the associated fossils

would alone offer conclusive evidence of its age. The Trilobite here
noticed is known in New York, everywhere restricted to the lower member
ol the upper Helderberg group— the Schoharie grit. The species of Proetus
which occurs in the same locality, at Mackinac, is found only in the Scho-
harie grit, in New York. The same rock contains a species of Phacops of
the form of P. bufo, but having a row of spines down the axis of the thorax.

At a quarry in Mackinac, I found the impression of a similar Trilobite.

We are already pretty well acquainted with the Trilobites of our succes-

sive groups, and though we may expect to find many new species, it is not
to be, for one moment, regarded as probable that we shall find such an
association of species passing from one rock into another ; for, thus far, we
know that they are remarkably restricted in their geological range. It is

quite probable that a more careful examination, at Mackinac, would enable
us to detect the three distinct members which compose this group in the
eastern part of New York.

I here append a list of the fossils found within the Lake Superior district,

as far as tl ey have been determined. Of course it cannot be considered as

very complete ; but, it is not probable that the number will be very con-
siderably increased for a long time to come ; the region is too rcnioti', and
the exposure of the rocks too few to afford much tncour.agcnitrit to col-

lectors.
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Potsdam Sandstone

Plants.

Fucoides? duplex.

Brachiopoda.

Lingula prima.

Crustacea.

Bikellacephalus.

226

LIST OF FOSSILS.

Jicepkaia.

Ambonychia ?

Gasteropoda.

Maclurea magna (specimen shown
me said to be from St. Joseph's

Island).

Raphistoma staminea, Escanaba
river.

Calciferovs Sandstone.

Plants.

Paleophycus tubularis.

Cephalopoda.

Orthoceras.

Brachiopoda.

..].

Lmgula
Theca-like bodies.

[In the lower part ofthis rock, or the up-

per part ofFotsdam sandstone.]

Chazy Limestonb.

Corals.

Stictopora few-strata.

Stictopora ?

ChaBtetes ^?

Brachiopoda.

Leptsena fasciata.

Atrypa acutirostra.

A. plena.

A. altilis.

Birds-eye, Black-river, and
Trenton Limestones.

Plants.

Palaeophycus—— ?

Buthotrephis succulent. /

Phytopsis tubulosum.

Corals.

Chstetes lycoperdon.

Streptelasma comiculum.
profunda.

Stictopora ramosa.

S. elegantula.

S. —— n. sp.

S. n. sp.

Phenopora multipora. n. sp.

Escharopora recta.

Clathropora flabellata. n. sp.

Aulopora arachnoidea.

Graptolithus amplexicaulis.

Crinoidea.

Schizocrinus nodosus.

Homocrinus ——

?

Echinosphaerites ——- n. sp.

nov. genusr

Brachiopoda.

Lingula aequalis.

Orthis testudinaria

O.fiubaequata.

^

r
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0. pectinella. Asaphus extans.

A. Barrandi. n. sp.0. disparilis.

Leptaena alternata. Harpes escanabiae. n. sp.

L. iilitexta. Lichas trentonensis.

L. sericea. Cytherina fabulites.

L. deltoidea.

L. tenuistriata. Hudson-River Group.
Spirifer lynx.

Atrypa increbescens. Plants.

A. recurvirostra.

Buthotrephis subnodosa.

Aaphala. •(

Corals.

Ambonychia obtusa.
%

Nucula levata. Chaetetes lycoperdon (in great num-
Tellinomya dubia. bers and variety of form.)

Eumondia ventricosa. Favistella stellata.

Streptelasma. n. sp.

Gasteropoda. ? nov. genus and sp.

r^ % 1 • 1 1 .. A .

Catenipo/a gracilis, n. sp.

i
Subulites elongata.

Murchisonia major.

M. bellicincta.

M. n. sp.

M. angulata.

Pleurotomaria lenticularis.

P. umbilicata.

P. rotuloides.

P. subconica.

Bucania bidorsata.

^ellerophon bilobatus.

Cyrtolites compressus.

Carinaropsis n. sp.

Cephalopoda.

Orthoceras multicameratura.

0. fusiforme.

Orraoceras tenuifilura.

Endoceras proteiforme.

Gonioceras anceps (west of the limits

of the district.) Many fragments

of Orthoceratites not determined.

Crustacea.

Isotelus gigas.

Illsenus crassicauda?

Calyraem; Blumenbachii,

var. senaria.

Phacops callicephalua.

Ceiaurus pliur«i:«ntli«mu8.

Syringopora obsoleta. n. sp.

Crinoidea.

Columns of Heterocrinus and Qlyp-
tocrinus.

Brachiopoda

Lingula quadrata.

Ortnis testudinaria.

O. occidentalis.

O. subjugata.

O. subquadrata,

Leptaena alternata.

L. sericea.

Atrypa increbescens.

Jlcephala.

{

Ambonychia carin'ata.
{

Avicula demissa. .

Modiolopsis modiolaris.
|

M. pholadiformis. n. sp.

M. anadontoides.

Nucula ?

Lyrodesraa ?

Cleidophorus planulatus.

Gasteropodok

Murchisonia ^acilis.

^ *
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Bellerophon bilobatus.

Cyrtoliles '^- .tus.

Cephalopoda.

Orthoceras lamellosum.

Ormoceras crebriseptum.

Crustacea.

Isotelus megistos.

Clinton and Niagara Groups.

Numerous remains of marint plants.

Corals.

Caninia n. sp.

Diplophyllum caespitosum

Conophyllum niagarense.

Favosites niagarensis.

F'. favosa.

Astrocerium venustuin.

A. parasiticum.

Heliolites pyriformis.

H. spinipora.

Stromatopora concentrica.

Catenipora escharoicles.

C. agglomerata.

Syringopora raulticaulis ?

Crinoidca.

Gasteropoda.

Murchisonia subulata.

Cephalopoda.

Orthoceras undulatum.

O. virgatum.

Huronia vertebralis. )

H. annulata. [incertx
H. . n. sp.

I
Sedis.

Discosorus conoideus.
J

Crustacea.

Fragments undetermined.

Tracks of various animals upon the

surface of the argillaceous sand-

stones of the Clinton group.

Upper Helderberg Limestones.

Corals.

Favosites gothlandica.

F. striata?

Cajlopora. n. sp.

Cladopora. v.. sp.

Cyathophyllum (several species.)

Fenestella ?

Dictyonema fenestrata

Lichenalia.

Brachiopoda.

Fragments of columns too imperfect A. reticularis.

for recognition. A. ?

Spirifer ?

Brachiopoda.
Acephala.

S *iX
''*''''^'"''

^^'^'^"^^—

•

Pentamirus oblongus (abundant
Cypricardia-n. sp.

throughout the district.)
Crustacea.

Acephala.

Avicula n. sp.

Modiolopsis? ?

Proet.us ?

Phacops anchiops.

p 1
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The preceding catalogue may bo. extended by the addition of a few spe-

cies in the lower groups ; but it is not probable that any large number will

be added to the list here given. Tn the Niagara group, in all probability,

the number of corals may be augmented by new discoveries ; though, from

what I have already seen, it does not appear that many of the smaller bry-

ozboid forms will be found in this district, unless some locality should be

found, more favorable for their growth than any yet observed on the north-

ern shores of Lakes Huron and Michigan. Judging from the character of

the rock, it seems hardly possible that we shall be able to obtain, in any-

thing like a perfect condition, the species of Crinoidea which characterize

the jfiagara group farther east. Few of the Brachiopoda of this groun

have been recognized ; indeed, so unsatisfactory are the fragments of sKelfs

of this family, that, with one or two exceptions, they have been omitted

from the list. These fragments indicate that Spirifer niagarmsis and S,

sulcatus, have extended westward through this district, and that they are

known still forther west. Several of the strongly plicated species of Atrypa
have existed in this district, but they occur only in fragments, or in a con-

dition too imperfect to be recognized.

The entire list numbers about one hundred and fifty species, of which
more than one hundred are from the lower Silurian strata ; twenty-six from

the upper Silurian; and sixteen from strata regarded as of Devonian age.

It seems scarcely possible that, for a long time to come, the number of spe-

cies from the Silurian strata of this district can reach two hundred ; while

we have already, from rocks of the same age, in their eastern prolongation,

more than seven hundred welI-!:nown species. Notwithstanding, therefore,

that some of the localities appear to be abundant, both in species and indi-

viduals, there is not to be found the great variety which characterizes more
eastern localities. We have already sho>\'n the diminution in thickness of

all the lower Silurian limestones, though we can recognize the period of each

one, both by its representative beds, and by its characteristic fossils. It is

true, that in the upper Silurian period, there is an augmentation of the cal-

careous beds ; but this increase is not accompanied by a corresponding

accession of species, to what we find in the same beds, even when not so

thick as in this district.

The almost entire absence of the schistose and arenaceous beds has had
some influence in diminishing the number of species of fossils ; for, in the

Niagara group particularly, the smaller corals, the crinoids, and the Trilo-

bites, are confined to the shaly limestone and mails. The shaly and arena-

ceous beds of the Clinton group, with some calcareous bands of minor

importance, afford, in the state of New York, niore than one hundred spe-

cies of fossils. These are scarcely represented in the Lake Superior district,

and, therefore, it is not proper to include the entire grouping in our com
parison.

The following table will present at once, without the necessity of farther

explanation, the means of comparison

:
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Table of the number of species of fossils found in the State of J\C9w

York and the Lake Superior District.

Potsdam sandstone
Calciferous sandstone

Chazy limestone

Birds-eye, Black-river, and Trenton lime-

stones

Hudson-river group.

Clinton group
f^iagai-a group
Upper Helderberg series

.

Lake Supe-
rior Dis-

trict.

New York.

8
4
10

8

18

46

64 220

81 64

2C 298

16 ?

and thirty species com-
mon to the Trenton
and other groups.

besides thirty species

common to this and
the preceding groups

The great diminution of species, which is here so apparent, would seem
to be due to other causes than those which would be assumed at first sight.

We know that it id not always the deposits of the greatest thickness which
afford the largest i:umber of species, but that other conditions influence

their scarcity or abundance.

The small number of new, or undescribed, species which have been col-

lected over this wide area, is another surprising fact. Those which have
been found to be new, have been collected almost entirely from strata of

lower Silurian age, and amount to about ten per cent, of the whole number
obtained. A few more could be added from the collection already made,
which would, perhaps, increase the proportion to fifteen per Cent., or about

four perxent. of the whole number of species now known in the American
lower Silurian strata. In a collection of lower Silurian fossils made in

Tennessee, by Professor Safiord, I recognized about one hundred known,
and about fifty undescribed species, making, in all, about one hundred and
fifty. In the region from which this collection was made, the formations

are entirely calcareous, and occupy an extent much less than in the Lake
Superior district, yet the proportion of new species in the former is four or

five times as great as in the latter region. In both, we find new corals of

the bryozooid type ; but in Tennessee, in addition to a much larger number
of these, we find several new species of the larger, true corals, while all

those hitherto described as occurring in rocks of this age, are found there.

We cannot, therefore, hesitate to regard the palaeozoic ocean, in the region

of Tennessee, as having been more favorable to the (.ijrowth of corals than

that of the Lake Superior district.

Tracing the same formations across to the Mississippi river, we find that

the corals continue to be few in number, and new species have been rarely

rpcognized. The whole series has, it is true, greatly diminished in thick-

ness, and the supply of calcareous matter has disappeared, to a great

extent, at the same time v.'ith the corals, so that the argillaceous matter

predominates.

The formation of these calcareous beds we know to have been dependent

on the corals, crinoids, and other organisms, whose remains constitute the
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knass, and it becomes a question of much interest to know from what cause

they ceased to exist, and how we can account for the increase of calcareous

matter towards thr south-west, and its ^reat diminution in the north-west.*

Either the temperature of the ocean v 5 there unfit for the development and

growth of these animals, or the dept. of the water was unsuited to their

existence. Should wc find that these form'htions, 1:^ their northern exten-

sion, everywhere assume the pame characters and undergo the same changes,

we might be justified in con'.;luding that there were some climatic influences

operatmg to produce a diminution m the number of species 'n the north

;

while towards the south, there is n constantly increasing ratio. The
facts here briefly stated do exist ; the conclusions drawn from them may,

Eerhaps, be modified, after more extended observations and collections have

een made, both at the north and the south.

These deductions, however, do not apply to the upper Silurian groups,

since the facts show that, as far north as these strata have been traced,

there has been an increase of calcareous matter ; and we find the remains

oi corals in great abundance, though the number of species is not always

verv considerable in proportion to the amount of individuals.

Whatever may be the final view with regard to the decrease of the lower

Silurian linestones in importance and thickness, and the diminution of the

mimber of species of fossils, we can confidently assert that the conditions

of the ocean had undergone a change during the interval between the depo-

sition of the upper member of the lower Silurian, and the lowest beds of

the upper Silurian and Devonian age.

In considering the character of the palaeozoic strata of the west, we
ought not to lose sight of the fact, that, although there is an absolute aug-

mentation in the amount of calcareous matter in a south-westerly direction,

yet this increase is by no means so great as would appear from a superficial

examination. We shall probably find that, in a south-westerly direction

from New York, there is a large increase in the thickness of all the groups,

with the exception of the lower Silurian limestone. But as we go west and
north-west beyond, Lake Michigan, it is doubtful whether their aggregate

thickness is greater than in New York. The increase of the calcareous

strata is made more prominent by the absence of the schistose and arenace-

ous beds which occupy so conspicuous a place in the series, in the more
easterly localities.

Ril I

* These remark; refer to the fossiliferons b^ds aboro the calciferous sandstonr, or lowor
magnesian limePtone. <

f^ I

rf

pendent

litute the



[4] 232

[

CHAPTER XIV.

ON THE SaPERFICIAL DEPOSITS OF THIS DISTRICT.

BY E. OKSOH.

m

Divititm into Drift, Terraces and Alluvial Deposits.— Drift-Phenomena

of the Northern Coast of Lake Michigan and Western Coast of Green

Bay.— Of the Menomonee.— Of the Valley of the Manistee.— Of the

WhitC'fith.— Of the Escanaba.— Glacial Furrows and Striee.— Rocks

broken by Drift-agencies.— Origin of the Limestone Pebbles of Lakt

Superior.

The three tnicceeding chapters, comprise the observations of Mr. Whit-
tlesey and myself, on that portion of the superficial deposits of the Lake
Superior district, which has not already been described. It extends over

the northern shore of Lake Michigan, the western shore of Grecii Bay, the

Bie Bay dcs Noaueta, and the valleys of the Menomonee and Manistee.

The tapcriicial deposits which were met with throughout these districts,

correspond, in the main, with those of the northern slope along Lake Supe-

rior, as described by me in 1849, and may be arranged under three heads

:

I. The drift proper, composed of strata of clay, sand and gra^ el, witli

boulders interspersed.

II. Terraces, belonging to a later epoch.

IIL Alluvial deposits.

The first division is by far the most important, forming, as we shall see,

bluflt and ridj^es a hundred feet, or more, in height. In this connection,

we shall des<;ribe the diluvial strife and furrows which have been observed

fit several points, the direction of which corresponds in a remarkable degree

with those on the opposite slope.

The coarse drift, described in a former report as occurring beneath the

drift proper, at several points along the shore of Lake Superior, seems to

be entirely wanting in this district.

1 r

DRIFT PHENOJVIENA.

The jyorth Coast of Lake Michigan and West Coast of Grem Bay.—
Although these coasts are lined with superficial deposits, which in some

instances are very conspicuous, for instance, the dunes of Pointe aux Chenes

and the gravel terraces of Mackinac, yet they do not generally belong to

the true "drift, but the alluvial period. The true drift deposits selHom

approach the shore ; but, in ascending the rivers, they aie met with at no
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great distance. Thus, on Pine river, we meet at first with banks composed
of silicious sand to the height of eight or ten feet ; but, at the distance of a
mile from the mouth, there is seen a stratum of tough, red clay, cropping
out from beneath, in every respect similar to that bordering the outlet of

Lake Superior, near Saut Ste. Marie, and, in all probability, it might be
- traced continuously from one lake to the other, since the intervening land

) does not here rise to any great height. In like manner, as will be shown,
the drift deposits of the Menomonee, White-fish, Escanaba and Manistee,

are relatively situated with regard to the lake.

It is necessary that this peculiar distribution of the drift should not be
lost sight of, for, otherwise, the geologist, who should merely coast along
the shores, might infer that it occurred only in isolated patches, where-
as it covers nearly the whole intervening country between the two
great lakes. Its absence from many parts of the coast is the result of a

subsequent denudation, when the waters of the lake stood at a higher level

than at the present time.

I shall first describe the drift phenomena as obseived along the coast,

and next those of the interior, as observed in the valleys of the principal

streams.

The first locality to be mentioned lies in the vicinity of Pointe aux Chenes.

For a distance of six miles west, towards Manitou, or Payment Point, the

coast is lined with dunes, or heaps of blown sand ; but before reaching it,

there may be seen, at the bottom of the bay, a ridge rising immediately

from the water's edge to the h^'ght of one hundred and sixty-two feet, and
running parallel with the shore. Having ascended to the summit, we found

a kind of undulating plateau, intersected by ravines, which appeared parallel

to che bearing of the ridge. The most markt-d feature, however, was its

steep slope—being, as we estimated, nearly 40°—which would render the

ascent difficult, but for the trees which grow upon it. Its structure is pecu-

liar, inasmuch as it is composed throughout of a very fine and homogeneous
sand, similar to that which forms the dunes fiirther east, and one might be

tempted to regard the whole as a gigantic dune, were it not for the regu-

larity of its outline, which is not in accordance with the hillock-shaped form

of the latter. Its considerable slope is equally at variance with this feature;

for their slopes, in numerous examinations I have made, are seldom found

to exceed 32°. It could not, therefore, be anything more than the accumu-

lation of very fine and homogeneous drift-sand ; and any doubt that I might

have entertained originally, vanished when I afterwards found extensive

tracts of the same materials along the Manistee river.

There is no similar accumulation of drift to be observed along the north-

ern shore of the lake ; the whole coast, from Payment Point to the entrance
' of Big Bay des Noquets, being composed of projecting spits of flat lime-

stone and wide bays lined with blown sand.

The eastern coast of Big Bay des Noquets presents a totally different

aspect from that of the northern shore of Lake Michigan. After having

passed Pointe Detour, the limestone strata are observed to rise in ledges to

a moderate height ; but continue to increase in altitude until they attain one

hundred and fifty feet, in a long and picturesque bluff at Bay des Noquets;

and beyond they attain a greater elevation, being two hundred and fifteen

feet. The same feature is maintained along the eastern shore of the bay,

until we approach its extremity, where there is seen rising from the back-

ground, from amidst a flat country, a high ridge covered with pines. The
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occurrence of this kind of timber, Avhich is altogether wanting on the top of

the limestone cliffs, is, in itself, an indication oi a change in the nature of

the soil; and on examination, we found that the apparent ridge was merely

the margin of a plateau which was seen stretching, for some distance, in an

E.S.E. direction, and risbg to the height of one hundred and thirty-six fieet.

The material was a fine and nearly homogeneous sand, like that before de-

scribed, but more loamy, with occasional pebbles of limestone, which showed
that it was a sedimentary denosit, undoubtedly of the age of the drift. At
the foot of the ridge, a sprmg was seen to issue, flowing perhaps over an

impervious stratum of clay, although none was visible.

The various islands near tlie entrance to Big Bay des Noquets are not

without importance, in reference to the distribution of the superficial depo-

sits. The lower on' s are gerierally destitute of drift, their margins, like

the coast of the main land, bring merely lined with seams of alluvial depo-

sits, either limestone pebbles or fine silicious sand. On some of the larger

islands, for instance, that I" Potawatomte, the summits of the cliffs are

covered with a thick deposit of loamy drift-sand, intermingled with pebbles

and boulders, very much like that of the Menomonee. Chambers's island,

in Green Bay, is formed entirely of these materials, no rock whatever being

visible.

To conclude, the drift deposits near the head of Green Bay, although not

strictly within the limits of our district, are too intimately connected with

those of the interior, about the sources of the Mississippi, to be overlooked.

There may be seen on the banks of the Fox, or Neenah river, opposite Fort

Howard, a stratum of tough red clay beneath the alluvial belt, belonging,

no doubt, to the same formation of drift clay which occurs in the Menomo-
nee region, and which, according to Mr. Whittlesey, forms a high bluff on
the margin of Lake Winnebago. A short distance back of the river, this

clay stratum is covered by the drift sand, forming a continuous plateau, on
which the upper part of the town is built, and tbence it spreads far into the

interior. The thickness of the drift deposits at Green Bay has been ascer-

tained, by boring, ..o be one hundred and eight feet.

This same reddish drift sand continues along the lake shore for some ten

miles to the north-east of the village, to near the French settlement, where
it forms bluffs some fifty feet in height ; but, according to Mr. Whitney,
without being underlaid by clay.

Drift of me Menomonee Valley.— Having followed this river from its

mouth to near the junction of the Machi-gamig and Brule, where the united

streams take the name of the Menomonee, and made excursions, at several

points, into the interior, we had an opportunity of observing the drift over

an extended area.

It will be recollected that, along the shore of Lake Superior, on the op-

posite slope of the axis, stratified drift deposits of clay, sand and gravel

•were found as high as eight hundred and eighty-seven feet above the lake,

in the vicinity of the iron mountain— township 47, range 27— and that

pebbles and boulders were also found at a height of one thousand feet.

We did not attain so high a point on the southern slope, and I am there-

fore unable to describe, from personal observation, the character of the detri-

tal formations near the summit-level of the country - but- according to Mr-
Foster, there are accmnulations of gravel and psbbles, occupymg extensive

reaches along; the Machi-gamig, at a height rV one thousand feet above the

^evel of Labe Superior ; and at a hifher lei tr+ there are numerous obstrue-

V
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tiona in the stream caused hy an aggregation of hornblende and granite

boulders, around which it is necessary to maku nortages. In fact, boulders

may be said to be perched upon (h<! very summit of the country.

There is no country where the drift )>iays a more conspicuous part than

near th«. junction of the Machi-gatnig and BrulC. In many places, espe-

cially between the Twin and Great Iickueuescc falls— township 40, range

30— the river banks are composed of drift, forming bluffs one hundred feet

and more in height. A remarkable instance may be seen a few miles above

the latter falls, on the left bank, where the whole mass is, for some distance,

laid bare from its summit to its base, so as to afford a most admirable sec-

tion. It is composed chiolly of a loarny sand, very indistinctly stratified,

with several layers of gravel, more; or less coarse, interspersed through it.

Boulders were scarce, except near the summit, wfiere they seemed rather

cro\vHed together, so as to form a sort of stratum. On the opposite or right

bank, the detrital deposit rises still higher, forming a terrace of some forty

feet, above which there is a steep slope leading to a plateau nearly one hun-

dred feet higher, Avith numerous boulders scattered over the surface.

Although the bluff on the left bunk formed a mitural section of nearly

one hundred feet
;
yet, no evidences of a clay stratum were revealed. If

it exists at all, it must be beneath the level of the river ; but it will be

seen hereafter that the clay occurs only at low levels.

There are other placos in the neighborhood, where the drift deposits rise

still higher ; but, instend of forming sleep bluffs, they are fashioned into

hills, covered with dense vegetation. Having ascended one of these hills,

opposite the mouth of Muskos river, which, from its form and outline,

was supposed to be granite, I was much surprised to find that it was
composed of the same materials as the bluffs.

Since fires had recently swept over the whole of this region, an opportu-

nity was afforded for noticing the contour of the ground over a wide range.

It was found that the d;ift hills were not merely limited to the borders of

the river, but stretched far inland, especially on the right, where they

assumed the form of ;i wide plateau with numerous ridges, giving it an

undulating surface, like the rolling prairies of Illinois. The ridges

appeared to be composed of rather coarse materials, and along their slopes

and over their summits were scattered numerous boulders, composed of

such iocl.s iis \\\:\o known (n occur in the region to the north ; such as

liornblende and talcose rocks, with some blocks of saccharoidal limestone.

From the Twin falls, where the same cliaracter prevails, we proceeded

in a northern direction, in search of the limits of thf older sandstone strata,

crossing, first, an elevated plain of drift saiul, about two hundred feet above

the bed of the river, and several miles wide, covered with aspen and dwarfe.l

p'nes. {Pinus Banksiana.) This is bnunderl on the north by a series of low

ridges, apparently of the same drift-sand, when we come to a small lake, to

which we gave the name of Lac Fumee. To the north, the surface siulflenJv

rises in steep ridges, attaining an elevation of two or three hundred feet

above the water. The drift with which these ridges are covered is no

longer fine sand and gravel ; but very coarse rubble, sometimes wholly

composed of rounded boulders. These ridges extend northward for some

miles, to near the Correctidn line between townships 40 and 41, where the

drift gradually disappears, leaving the surface bare along the whole range

of hills

Proceeding along the line eastward, the hills, for several miles, consist
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of qnartKOse rocks, ^th rery little loow mftterial, except huge boulders,

denved from the ndjacent ledges. The prominent ledges showed distinct

traces of glacial action on thtir northern slopes ; but, on the south, they

were generally rough and precipitous.

At the comer of sections 32 and 33, range 29, there may be seen naked
quartzose knobs, with vertical walls sixty feet high, fronting the south,

while the northern slope is rounded and smoothed,—thus showing, in a

striking manner, the contrast between the lee and the strike-side. Striee

were also observed on some of these rounded and polished rocks.

The range of hills near the Correction line does not, however, mark the

limit of the drift, for, in proceeding northward, Mr. Whittlesey again found

these deposits, together with boulders, in great quantities, as far as the

centre of township 41, where they again disappear. Returning from the

northern limit of this township towards the Menomonee, he describes the

country as follows

:

" Along the line of the section, from the northern extremity to the mid-
dle of township 41, the rocks are principally bare of drift ; for the next
three miles, or half a to\vnship south, they are concealed by a deep cover-

ing of drift, which here consists of ;i i'^tiire of sand and gravel, bearing,

as usual, a great number of excellem
| les. After crossing the range of

syenite and quartz rocks, which are exposed for three-fourths of a mile

along the Correction line, the land rises rapidly between sections 10 and 11,

and is composed of a prodigious mass of rounded boulders, from one to

three feet in diameter. Here, although there is scarcely any dirt or gravel,

but only heaps of large stones, Ihe white cedar flourishes in great abun-
dance. Passmg over this rise of, say, one hundred and fifty feet, we descend

to a stream, along the line between sections 14 and 15, and ascend the next
range, which rises about two hundred feet. Its northern slope, like the

last, is made up of a mass of large boulders, without an admixture of earth.

Among them were seen all the varieties of the rocks which occur to the

north, but the quartz and quartzose rocks predoniinattd. The drift of the

southern slopes is sometimes coarse, but never composed wholly of rounded
boulders."

The lower portion of the basin of the Menomonee is, in every respect,

more uniform. As an interesting feature, however, may be mentioned the

occurrence of ridges with steep slopes; which is Ihe more extraordinary, as

the surrounding country is rather level. In a pine opening, on the left

bank, three miles above the upper saw-mill, a ridge of this character is seen

stretching, for a long distance, in a south-south-west direction, about forty

feet in height above the .surrounding plain, and sixty-one above the river,

the thift terrace, on which it rests, being eighteen feet. The average
width of this ridge is about ten feet, and its average slope from 25° to 30°,

but its maximum is 34°.

This ridge reminded me strongly of similar ones found in the vicinity of
Andover, Mass., where they go by the name of Indian ridges, it having
been supposed by some that they were the work of the aborigines. It also

reminded me, more vividly than any others which I saw in the West,of those
curious ridges in eastern Sweden, familiar to European geologists, under the

name of osars, or giant roads.

Another striking peculiarity is, that the ridge itself is composed of very
coarse materials, with many pehiiles and boulders ; whereas, the plateau

- vuiiij^wijcii VI iiiiv, iiuiijv^ginfuu:> .^tllJU, inillt'tUing a OZS-on VVIUl/ll It llOCO lO
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turbcfl condition of the waters posterior to the quiet deposition of the drift-

sand. •

Descending from the head of the Menoinonee towards its mouth, the drift

deposits on its banks decrease in thickness, find at the same time become
finer. This change is peculiarly striking in the vicinity of the White rapids,

where they are seen at a considerable elevation ; but, liirther down, they

seldom reach higher than fifteen or twenty feet. There is, however, one
place in the Big Bend, below Kitson's trading-house, where it is observed

at a height of nfty-four feet, while at the Pemenee falls, at one place, the

drift terrace is only six or ten feet high.

At Grand rapids, it is only six feet, the material being generally a fine,

loamy sand, with indistinct traces of stratification and dingonal stratifica-

tion, such as frequently occurs in Ihe superficial deposits. Occasionally,

however, the drift terrace rises to the height of twenty-fivo or thirty feet,

as for instance at the saw-mill, sixteen miles above the mouth of the

river.

Drift-clay was met with at four places along the river, and always near

the water's edge. The following are the localities where we observed
it: near Menomonee City; at a place some runes abou, the saw-mill;
below Sturgeon falls and at the head of Sandy portage, .vhcre it occurs

;

for some distance in the bottom of the river, as we had .casion to observe

when poling, our poles sticking in the stiff clay ; we lound it to be very
adhesive, and of the same red color as that on t ;c .rders of Lal-'c vuperior.

Although the width of the valley increases ii wo descend the ,'iver, yet

it is narrower than that of some other rivers of less importance, as lor in-

stance that of the Manistee. There are many places where it is lined by
the drift terrace, on cither bank; although, in most cases, one bank is lined

with drift, while the other is alluvial.

The phenomena of glacial furrows and striae arc abundantly displayed along

the Menomonee, as will be seen in a subsequent chapter. There are, be-

sides, many localities where the rocks, without being striated, exhibit those

rounded and smoothed outlines, known as fleecy rocks {roches moutonnees),

and which, to the geologist, are conclusive evidence that the localities where
they occur have been subjected 1o powerful glacial action. As a locality where
this feature is seen on a grand scale, I would mention the portage around
Sturgeon falls. The rock is here ;:ci- posed of a crystalline talcose slate,

somewhat syenitic in its appearaiKC, and which, from its tough nature, is

is admirably fitted for resisting the destructive influence of the atmosphere.

When walking over these rounded and smooth ledges, along the deep

chasm, in which the Menomoi.tje rushes and falls in a series of cascades, I

might easily have imagined that I was again wandering along one of the

torrents of the Alj)s, so great is the similarity, both in a picturesque and geo-

logical point of view ; but, above all, in reference to these peculiar appear-

ances of the rock?.

Drift of the Valley of the Manistee.— This river, which empties into

lake Michigan, is composed of two main forks— the one coming from the

west and forming on its way the Manistee lake; the other coming from

the north, where its sources interlock with those of the Tequamenon of

Lake Superior.

The whole area drained by this river is a vast swamp, the rocks being

visible only in a few places in its bed, where they occasionally give rise to
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rapids; but rising no'^here, as far as our investigations go, above the water.

The banks are composed either of drift, or of alluvial deposit. In many
places there are no banks at all, the river winding its way through a suc-

cession of swamps and low lands. As a farther peculiarity of this river,

the main rapids are near its mouth, there being none in its upper course

;

whereas, in most rivers they are concentrated near their sources.

Starting from the saw-miU at its mouth, we found the river-bed much
wider than we anticipated ; its brown swampy waters flowing, with a gentle

current, between banks of fine alluvial sand. These are at first only a few

feet high, and of doubtful origin ; but, ere long, they grow somewhat higher

and their true character becomes apparent. Ascending first the right fork,**

we soon reached the Manistee lake, with the little thriving Indian village

on its northern shore. The Niagara limestone, which appears in regular

and horizontal layers in several places, and especially in the vicinity of the

village, is covered by a layer of reddish, sandy loam, containing granitic

pebbles, intermixed with those of limestone. We could not, therefore, fail

to recognize in it the representative of the true drift, such as is found on
Lake Superior, and on the summit of the island of Mackinac. It seems to

afford a good agricultural soil, for we saw there, not only potatoes, but

also corn and peas thriving finely, cultivated by a settlement of Indians,

who, to their credit be it said, form here an industrious and prosperous little

colony.*

Proceeding from the lake up the river, we passed through a low, marshy
country, being for many miles one continuous swamp. There are but few

E
laces where the banks rise much above the river. Near the main fork,

owever, township 42, range 17, where the river cuts through a ridge

about twenty feet high, the banks are composed of fine, homogeneous sand,

apparently without stratification, so that it might readily be mistaken for

an ancient dune of blown sand. On closer examination, however, I dis-

covered several granitic pebbles, which are sufficient proof that the whole
ridge belongs to the drift.

We were informed by Mr. Merryweather, of the corps of linear surveyors,

whom we met here, that the same character prevailed throughout the whole
neighborhood ; the country being composed of swamps with occasional pine

ridges similar to that above described.

Drift of the Main Branch of the Manistee.— The main branch of the

Manistee has a more uniform character than the one described above. It

is a quie*^ and fine stream Avithout either rapids, narrows, lakes, or islands

;

but flows through a regular channel all the way from the confluence of the

left branch to near its origin ; so that were it not for the rafts caused by
the accumulation of limber, the river would be easily navigable for boats
and canoes.

Throughout its whole length, it lias, almost everywhere, a well-defined

margin, although of rather unequal height; high banks sometimes succeed-

ing abruptly to low ones, or the bank on one side being very high, while
that of the other is quite low. This contrast is particularly striking

vicinity of the Upper forks. Here, however, it is very crooked, and I

noticed that the high banks were generally at tht head of the meanders.
This led me to examine more closely into the composition of both the

• They not only cultivate the soil to supply their own wants, but, as wo were informed,
bad saved some money in order to buy the land, >, hen it is brought into market.
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higher and lower bluffs, and I found that, whereas the latter were com*
posed of a loamy sand without any gravel or stones whatever, the higher

bluff, although composed likewise of fine materials, contained in some
places strata of gravel and even pebbles,— the latter being partly granitic

and partly limestone. We had, besides, noticed in several places a layer

of clay beneath the sand of the higher bluff, which was nowhere to be seen

in the lower. Thus, we could not fail to recognize in the higher, true drift

deposits, whereas the lower are undoubtedly alluvial. There is occasion-

ally some difficulty in ascertaining this fact, on account of the considerable

thickness of the alluvial deposits and their great similarity to the true

drift.

The width of the valley of the Manistee, which, according to our estimates,

averages nearly a quarter of a mile, is another remarkable feature, when
we consider that the valleys of other rivers of larger size, as for instance

that of the Menomonee, are much narrower. There, we have seen,

that in many places the drift terrace occurs on both banks of the river; but

this is never the case on the Manistee, at least not in its lower and middle

portions. In consequence of the great width of the valley, the river fre-

quently keeps at a distance from either bluff, and is lined only by alluvial

banks ; but, wherever it has a serpentine course, it invariably intersects the

drift bluff at the head of the meander.

It is quite a striking feature that the vegetation on the drift bluffs, at

the head of the meanders, is entirely different from that of the opposite

bank, it being composed of pines (red and white) with some aspen ; while

the alluvial bank opposite is invariably covered with elms and maples, and
sometimes with white cedar. At first, I ascribed this distinction to the

mere fact that the drift bank was higher and dryer, and, therefore, more
appropriate for pine growth; but, afterwards, became satisfied that the

composition of the drift-soil was not without its influence, for I found the

same character of vegetation growing on these terraces, where their level

was not' higher than that of the alluvial terrace. Thus, in descending the

river, we could always know, from the mere appearance of the vegetation,

whether we were upon the alluvium, or the drift.

The drift clay, without being as conspicuous as along Lake Superior, is

well marked, in many places, below the drift sand. It does not generally

reach more than four or five feet above the river, although in one place I
found it to be ten feet thick. It is very tough, and generally flesh-colored,

but in one instance it was perfectly white. There were observed, in

several localities, rather coarse pebbles of limestone, and even flat stones,

intermixed with the upper layer of clay, near its contact with the sand.

This was especially the case at the first high drift-bluffs which we met
with, a few miles below the forks, in ascendmg the river. Continuing on, 15

the drift-bluffs increase in height. Between the confluence of the two ).

upper branches, (township 43, range 14,) their height is from sixty to '.

seventy feet. This, however, does not prevent the adjacent country from
being very swampy. Having been obliged to leave our boat, on account

of a large raft near the township line between townships 42 and 43, we
dpciHprl <T> nrnrppfl Hv lanri fill wp aViQiilrl find thp oiitcron o£ ths Trsnton

limestone. Having thus crossed the country in several airections, we are

enabled to say that at least one-half of the surface drained by the left

branch of the Manistee, is composed of cedar swamps. In some places

—

as, for instance—in township 44, range 13, the dry spots are so lifflitfdy
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that they appear actually like islands in a sea, being composed of sand-

rid^es covered with yellow and white pine.

A similar belt of pine land lines the river, or rather the valley, through-

out its whole length, and the approach to it is always indicated, in this

region, by a strip of dry soil, which is no doubt owing to the drainage.

The timber is, however, smaller than on the rivers emptying into Green
Bay.

In connection with this subject, I cannot refrain from alluding to a cir-

cumstance which has often surprised and perplexed me. When we consider

the materials of which the drift of the Manistee region is composed—very

fine, silicious sand, forming bluffs, in some places as high as seventy feet,

without any impermeable layer except the clay at its base, which does not

rise higher than ten feet—it seems but natural that the banks of the river

should be dry for a considerable distance. This, however, is not always
the case. In climbing up the bluff, I was often astonished to find that the

' timbered portions occupied but a narrow belt, as it were a mere embank-
ment to the extensive swamps in the rear. This is the case at a locality

on the river, in township 44, range 13. The bluff is here some sixty feet

high, composed, throughout, of fine sand, except at the base, where there

is a layer of clay eight feet thick. But, in spite of that, the belt of pine

land is hss than one hundred yards wide ; it then slopes down fifteen feet,

and immediately the pine trees are replaced by cedar and tamaracks, grow-
ing on a wet ground. A distance, therefore, of less than one hundred

yards is sufficient to prevent the drainage, although the swamp is forty-five

feet above the level of the river. In order to ascertais if the swamp w^as

not occasioned, by some impermeable layer near the surface, I examined
carefully the roots of the fallen logp, and found them enclosed in the same
fine, silicious sand which forms the MuiTs. Having submitted the question

to ray friend M. Lcsquereux, of Ohio, an emment botanist who has

thoroughly investigated these subjects, I beg leave to insert here his views.

In a communication, dated December 12, looO, he says

:

" The fact you point out is not new ; it almost always occurs in this

formation of peat bogs, or, indeed, of cedar swamps, which are the same
thing. If you examined attentively what you call the fine sand of the

banks of the river Manistee, I think you must have observed that it is not

a true sand, but a loamy, argillaceous, impermeable alluvium. This sand

is found in all the peat-bogs of Europe : in Switzerland, in Germany, in

Sv den, in Denmark and Holland— everywhere it is the same. I have
invariably found, on putting a handful or two of this sand into a funnel,

that it resisted the passage of water to a really astonishing degree.* But,

even supposing your designation to be correct, and the sand of the Manistee

be really permeable, the following explanation is none the less satisfactory:

When a river overflows its banks, the slimy sediment is deposited, of course,

at the edge of the current, and where its force ceases ; and thus a ridge is

formed along the banks, behind which, on the retreat of the river, there re-

mains stagnant water. This is the origin of peat-bogs. The first growth

of the still water is the Chara, a plant of a peculiar composition, containmg

a large quantity O'f silica, and to the decomposition of which I attribute, in

a great measure, the formation of the clay found in peat-bogs. The idea ot

•The sand of the Manistee is entirely different from this loamy allu^ium alluded to by M.
L'i!i^ncreus.
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attributing a geological formation to vegetable decomposition may seem to

you extraordinary, at least ; but, if I am able to complete my work on the

mfluences of vegetation., I hope to establish this, and other facts at least as

curious. Next to the Chara comes the Sphagnum. To enable these plants

to grow, requires only a hollow, in which moisture can lodge, and a few
fragments of woody fibre. My examinations of these curious mosses have
proved that, in moist climates, on the banks of rivers, or on mountains
covered with clouds, their existence and their growth is by no means neces-

sarily dependent upon the soil which they cover ; for these mosses, by their

peculiar conformation, are so exceedingly hygroscopic that they imbibe

moisture in all parts of their tissue, both from the base upwards, and by their

leaves, stalks, &c. This peculiarity is not due, as some have supposed, to

a mechanical capillarity ; but to the nature of their tissue, to the disposition

of their fibres, and to the entire absence of chlorophyl, wherein these plants

resemble the most simple substances ; for vegetable tissue, as you know, is

hygroscopic in p' ^portion to its freedom from particles of a foreign nature.

I shall give a more satisfactory exposition of this matter in a special work;
but you have often observed, without doubt, the curious hygroscopic pow-
er of Sphagnum ; for, if you pull off a tuft, even from the driest part of a
swairn, on pressing it between your fingers, you will always find water
running from it, as from a sponge. These plants, in this way, imbibe mois-

sure from the atmosphere, if they cannot obtain it from the soil. Thus, a

tuft of Sphagnu n, weighing, in a completely dry state, three pennyweights,

twelve grains, suspended in the air during a foggy night, absorbed seven

grains of water. On the other hand, evaporation by the tissue is exces-

tively slow and out of proportion to the absorption. Another tuft of Sphag-
num, about twenty-two inches in superficial extent and four and one-half

high, and weighing, when dried, one ounce, twenty-one penny-weights, was
put into a vase having at the bottom a hole of half an inch in diameter.

Through this hole, and touching the water with one-fourth of a line of the

ends of its stalks, the tuft became completely saturated in less than two
hours, having absorbed a pound of water. The same tuft, being then exposed

to the air ancl sun for thirty-six hours, lost only five ounces by evaporation.

Upon the basis of these facts, you may easily follow the opoiations of

nature in the formation of cedar-swamps.

When a little water remains in a hollow, and becomes saturated with

humic acid, by the decomposition of vegetable substances, sphagnum imme-
diately establishes itself. You know how it grows, in compact tufts, and
even if the water should escape, it will continue to grow, and by degrees

will cover very dry soils ; for we see it in moist climates, for example, in

the mountains of Ireland, in the Vosges, in the Harz, climbing up slopes of
25° and 30°, and covering bare granite rocks. A little moisture on the

soil, in the spring, is sufficient to make the spores germinate, the atmos-

phere furnishing the necessary moisture for subsequent vegetation. I

remember, in this connection, that one day as I was descending the slope

of the Brocken, I slipped on a wet rock, and coming down upon my back,

found myself buried under a carpet of Sphagnum more than a foot thick,

from which I had some trouble in extricating myself.

You, yourself, remark tliat the pines are not fond of moisture. As these

mosses spread, they exclude the air from the roots of the pines, when they

die and disappear ; whilst a favorable soil is formed for the cedars, which
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represent, in America, the Pinus pumilio of Europe. On the sandy banks

of the river, where the slope favors drainage, Sphagnum cannot grow, and

thus the pine and spruce thrive.

You ask me why it is that the Sphagnum does not form peat ? It

is because the slow combustion of wood, which forms this substance, can-

not take place except under water, and where there is a permanent supply.

So soon as it nms off, the air reaches the lower part of the stalks, the

increase of oxygen decomposes and destroys them, so that, after ages of

these little vegetables, (which nevertheless contain more woody substance

in proportion than the hardest oaks and pines) there remains only a very

thin layer of black earth mixed with sand."

En resume ; as a peculiar feature of the drift of this part of the district,

I would farther mention the almost entire absence of boulders, either in it,

or over its surface. In various excursions, we did not observe more than

three ; the largest one, of hornblende, in township 44, range 12, did not

measure more than three feet in length.

DRIFT OP THE WHITE-FISH RIVER.

V i

Ij

J, J.

*a

Throughout the whole region drained by the White-fish and its branches,

according to Mr. Whitney, drift is spread over nearly the entire surface to

a considerable depth, so as to effectually conceal the rocks, except in the

beds of the rivers, and other places where it has been removed by the

action of water since its deposition. On the trail from the mouth of this

river to the shore of Lake Superior, opposite Grand island—a distance of

some fifty miles—not a rock in place is to be seen ; even boulders are few
in number. The drift is sprtad very uniformly and evenly over the

southern portion of this jegion, and is made up of fine, reddish, quartzose

sand, with but few pebbles, forming nearly level plains, covered with a fine

growth of Norway pines, particularly in township 42, range 20. These
plains are occasionally varied, for a short distance, by ridges and knobs

;

but, in general, present a great uniformity and monotony of aspect. Along
the course of the White-fish, the drift has been excavated so as to leave a

wide swamp on each side, in which the rock lies near the surface. The
thickness of this sandy deposit is from fifty to one hundred feet. As we
approach Lalce Superior, the country becomes more broken and diversified

wtih ridges, but is still deeply covered with drift. A few granite boulders

are seen, even on the highest point of the dividing ridge, which is net over

four himdred feet above the lake. The same sandy plains extend west,

through townships 44 and 45, to the Escanaba, and cover several hundred
square miles. ' The same is tiue, also, of the region lying to the east of

the White-fish, and that about tl\e sources of the Manistee. The descent

of these streams is gentle, and litcle broken by rapids.

DRIFT ALONG THE ESCANABA.

The drift along the Escanaba resembles, in many respects, that of the

Menomonee and of the Manistee, as will be seen from the following obser-

vations, made by Mr. Hall

:

" At the mouth of the Esctmaba, and along the west side of Little Bay
des Noquets, there is a great accumulation of fine drift, mostly sand above,

<iat
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sand above,

with pebbles below. Above the first fall of the river, and particularly

eight or nine miles from the mouth, there is much coarse drift, covered by
fine materials, fifty feet or more deep. Beyond this place, to the second

fall, and for several miles above, in fact to the forks of the lizer, there is

scarcely any drift visible, the rock being covered merely by a deposit of

impure peat from two to lour feet thick Above the forks, we agan find

the fine sand and small pebbles, the lower part coarse all the distance.

Near the junction of the stratified rocks with the igneous, or from the

})oint where I last saw the stratified rocks, until I came to the igneous

inasses, the accumulation of driA; is greatest. Just below the syenitic

ridges, I found ridges of drift from twenty to fifty feet high, some distance

from the river. I examined these, supposing that they might be of rock,

but found nothing except, here and there, a boulder. I learned from Mr.
Sinclair, that the sand continues from the mouth of the river north v/ard,

and extends to within a few miles of the eastern branch all the way to the

forks ; but thrt, on the west side, this kind of drift is hardly seen below
the forks, unless farther than he had penetrated, or farther than I travelled,

on that >>Ide. I saw the same kind of material at Fort river. I saw no
clay stratum, except at the meadow, nine miles above the mouth, where it

occurs beneath gravel, with sand above."

^u

GLACIAL FURROWS AND STRIJE.

The phenomenon of glacial furrows and striae, on the southern slope of

the upper peninsula of Michigan, is much more marked than might, at first,

oe expected, considering that the prevailing rocks are limestone, of a more
or less destructible kind.

Starting from Mackinac westward, we noticed glacial furrows in the fol-

lowing localities

:

1. At the bottom of St. Martin's Bay, two miles north of Pine river, on

a point composed of almost horizontal ledges of limestone. The surface of

the rock was well-polished, with many distinct furrows, some of them mea-

suring one quarter of an inch in width, aiul extending over wide areas.

Their average direction is from east to west, some running N. 80° E., and

others S. 70°, and 80° E. There are, besidfs, well-defined troughs, occur-

ring in tj'» same direction.

2. At Payment Point, the rocks are distinctly smoothed and rounded, in

spite of the many small cavities which are scattered through them. At the

bottom of the cove, the furrows are very distinct ; but, at the Point itself,

they are indicated .J,iofly by a greater regiJarity of the small cavities. One
might almost believe that the formf ion of the latter had be»^n influenced by

the furrows, the direction being from N. 50° to N. 60° j^..

3. At the bottom of Big Bay des Noquets, on the v* < st shore of the

eastern cove, there are seen distinctly polished and striated surfi-es on a

stratum of limestone belonging to the Hudson-river group. "YW Erection

of the striae, which are here rather fine, is from east to west.

4. At the mouth of the Escaniiba, in Little Bay des Noquets, the surface

of the Trenton limestone ledges was observed by Messrs. Whitney and

Hall to be, in several places, most admirably polished, with fine striae run-

in'ng north-east and south-west.

9. At Oak Orchard, on the west shore of Green Bay, we found the
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dlrijction ol the striae, which are here very distinct, from N. 15* to N.
20^ E.

6. The banks of the Menomonee afforded vari'^ uS opportunities for ob-

serving the effecis of glacial agents on the rcks.

At the saw-raill, near the mouth of the river, tlie strata of Trenton lime-

stone are distinctly polished, and marked by .strise runiiing nearly east and

west. At h locality six miles above Kilsior'w •radinp^- house, 'here may be

seen, in the river, several islands of tough tal'. cse slate, w >. *; admira'jly

polished and rounded {motdonnes)., with '. dicaticcdof.iirise rii ring £.N.E.
and W.S.W.

At another locality, thrix- miles ai.ovc Sturgeon falls, the strisR occur on

a very hard greoiistone roc):, running i\. 65° E.

At the foot of the lower Jjokuenesec falls, on a hard talcosp. rock; direc-

tion N. 70" E.

At the lower Twin fall (}i.\re ae smoothed aiid Heei'v rocks, with striae

riinnini? from N. 60° to N. 70° E.
.

"

.

FinuHy, the upper Twin falls destive a .ipecial lolice, there being no
ether place along the river, and, I may say, in the whole district, where
gific;.';^ plicnomena are more distinct than at the foot of this fine cascade.

I'he lOiK, ii liaid and black slate, is so well polished that it glitters in the

Ki u like a iiiirror, ami most ol the stride are as distinct as ii they had been

•?ijgiaved out yesterday. Their direction is from N. 6<j° to N. 70° E. I

noticed, however^ that the polish and stria; tlid not extend beneath the

water, but that the surface of the rocik was rough, and, as it were, corru-

gated, so far as the waves caused by the cascade reached. A conclusive

proof that they had not been formed liy water.

There are, besides, many places when; the ledges are merely rounded

or montonnh, the structure of the rock having been too coarse to retain

the strite; as, for instance, at Pemenee and Quiver falls, and especially over

the portage of Scurgeon falls. The rock, at this latter place, being coarse-

grained and higllly crystalline (a kind of protogine), anil its rounded out-

line looking like a succession of large wool-sacks, heaped up one above the

other, reminded me strongly of the similar masses which I had observed

near the Scanainavian cascade of Trolhiitta.

In addition to the above localities, I may be allowed to mention here the

following, which w^ere observed by Messrs. Hall and Whittlesey, on their

way from Green Bay south-westward, in Wisconsin.

At Mehoggan Point ; large polished surfaces, with stria; "unning N.E. by
E. and N.N:E.

At Mehoggan falls, on Niagara limestone, the stria> running N.E. by N.
At a locality three miles west of Milwaukee, polished* slabs of Niagara

limestone, with strife bearing N.E.
At Strong's landing, (Fox river), on nvtamorphic slate, N.E. by E.

By comparing the direction of the s.

mentioned, it will be seen that their 'iv,

S.W the extreme deviation bci., N
was :> iced with striae running .

n the various localities above
. je. distribution is from N.E. to

j^ to 80° W.: whereas, no locality

north, or even north and south.

This average direction agrees vei ^ e'i with the prevailing direcion on the

• I visited this locality niysnlt- the yp"i • "i" '<' 'fly, in companj' with Mr. Lapham, and,

having taken the exact bearing of the stsias at th< . > of a quarry close by the roaid, found \i

tobeN. 60°E.

^.

*
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southern slope of Lake Superior, as described in my report for 1849. The
only difference to be noticed between the two slopes is this : that while there

are, on th.^ shore of Lake Superior, some sets of striae running north and

south, we find here, on Lake Michigan, other sets running east and west,

but the prevailing direction, in both districts, is the same; thus showing

that the agent which engraved them, whatever may have been its nature,

acted independently of the inequalitiee of the soil ; for even the high ridge,

between the two slopes, did not interfere with its direction.

ROCKS BROKEN BY DRIFT AGENCIES.

In connection with this general direction of the drift agencies from north

to south, as indicated by tnc direction of striae and furrows, as well as by
the transportation of the boulders, I would mention another very curious

feature, which was noticed on the southern shore of Lake Superior. Near
the Jackson forge, on Carp river, llie talcose slates are seen in a low ridge,

where the rock has been quarried, to some extent, for building the furges.

The slates stand nearly vertical ; l)ut the upper portion of the ledge is seen

to have been abruptly broken ofT at a depth from ten to fifteen feet be-

low the surface. The broken and shattered portion of the rock has been

carried forward in the direction of the drift-current, and lies embedded in

the drift, on the southern side of the ridge, as represented in the annexed
figure

:

Fig. 23

I

Broken Strata at Jackson Forge.

1. Slates. 2. Drift-gravel.

Similar fractures of the strata have been noticed in other regions. One
of particular interest, from its extent, occurs at Guilford, Vt., at a locality

known as the Bruce slate-()uarry, and has been fully described by President

Hitchcoct.-. in his report on the geology of Massachusetts. The cause of

tr.U curie; . pheno'aenon was considered by him, in accordance with the views

of Mr Darwin, to have been the surlden impact of a large mass of floating

ice agains. the projecting ridge. What gives a peculiar interest to the

broken strata at the J; ;ksun forge, is the tact that the broken masses ot

slate have been carri ! forward in the direction of the drift current, and

are imbedded in strata of drift, as seen in the diagram, thus showing that

the break must have taken place, previous to, or rather during, the deposi-

tion of the drift—the broken ])()rtions being both overlaid and underlaid by

it. The extent of the broken straia is, in itself, sutbcient evidence that

nothing but a sudden, cr violent r.troke, such a one as we might imagine
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wmild be oiuwd by the shock of an iceberg,—wo\ild account for such a

break. On the other hand, the sharp edges of the broken portions, and
the manner in which they are found abutting against the vertical strata,

•how that they must have been buried in the drift, soon after the fracture

took place.

OKIOIM OV THE LIMESTONE PEBBLES IN THE DRIFT OF LAKE SUPERIOR.

It in not uncommon to find limestone pebbles intermixed with the granite

pebbkii and boulders, in the drift of the upper lakes. Along Lake Michi-

gan, their occurrence is easily accounted for by the fact that the rock, in

titu, VH mostly limestone. It is not so in regard to those found along the

beacbef and terraces of Lake Superior. Limestone is nowhere to be round

on the north shore of that lake, and, on the south .shore, we know there

occur merely some isolated patches in Sturgeon valley, belonging to the

lower Silurian, from which the pebbles along the beach, both on the north

and south xhore, are entirely difierent, both in their lithological character,

and in their fossils. They are of a pure white limestone, and contain fossils

which are characteristic of the Niagara group, such as Cyathophyllum,
Favo»ite», Six., which are occasionally so well preserved that they can be

identified without the least difficulty. Among the specimens collected on

the south shore, near the mouth of Chocolate river, there is a specini. a of

Favosilcs four incdies in diameter, which is so well preserved, that its finest

partitions are recognizable.

The question naturally suggests itself, where is the source from which
they were derived ? There having been thus far no indications of any
limestone formations north of Lake Superior,* it was suggested by some
that they might possibly have come from the limestone districts to the south

and south-east ; such a supposition, however, would have be?n in direct

opposition to what we know of the general course of the drift agencies.

Rather than adopt such an opinion, 1 preferred to derive these limestone

pebbles from some distant portion of tho jBritish territory, where similar

•From ififomifitiori derived from Mr. Ballondcn, of tho ][udson's Bay Company, wo
bACftnic* awarfs xf^veral ycarH ago, of the oecurrouce of the Silurian and Devonian series, on
the uoti\mnt niofu! of the axis between Lake Su))erior and Hudson's Bay. These series arc

lnt«n<«ct<;<Hfi «!ro«<tiTig from Michipicoten river to James' Bay. the soutliem arm of Ilud-
•oo'* Hay, Mr. Balliuiden deseribcd the strata on tlie .sliores cf Lake Winnipeg, as con-
•Istlrig of Ifffiesfonc, fn nearly horizontal strata, flllod with fossils. Within the last year,

Sir John Kifihardson, in the Qu.arterly .Journal of the Ueologiciil Society, u'entions that thu

Kiliiriatt <Mfri<.!» occur on both sides of the axis, in an undisturh nl position, and continue to

i\M Arctfc- Ocean, The fossils tonnd in the superficial deposits alojig the shores of Lake
Su|>erior, arc not exclusively confined to the Niagara limestone, but range from the Devonian
to th4fj tttiuUm limestone. Some of the cyathoi)hyllii are from the Devonian, while, at the

tnoittb of Black river, in the south-west extremity of the lake we have collected one or two
trllobit4!«t, an «>1(1 iw tho Iludson-rivcr group. AVhen we corsider the relative positions of

Lak« T«m)««romcng, and the south-western portion of Lake Superior, where also the fossils

of th« Nlffffara group occur in the superficial deposits, it would be unphilosophical to infer

ttiat th«v were derived from a single point ; for, if this were the case, the drift current by

wbicb tlMrfrtranJiport is supposed to Lave been elfected. mu st have swept in a course a few

AefCKii* nwiih of west, a course not coincident with tho striju on the rocks. Since it is pretty

certain that wc have a belt of Silurian rocks on the nurili ol' the brim of T.a' j Superior,

there In little difliciilty in accounting for the presence of fossils in the transporiuJ materials.

Tbtt/w of the Niagara group are more abundant, for tli.> reason that they are generally sili-

eined, whereaM those of the Hudson-river group arc not, and therefore more liable to bo

froaod op ftod destroyed. f.hyf.
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limestones are said to occur along the north-western lakes and the Macken-
zie river ; although I could not but confess that their transportation from
such a distance was rather uncommon.

All the difficulties have since been removed by the recent discovery made
by the Provincial Geologist of Canada, Mr. Logan, of an extensive deposit

of white Niagara limestone on Lake Temisconieng, fifty miles* north of

Georgian Bay ; and since the rock, according to Mr. Loga ,, presents the

same lithological features which are exhibited by the fragments scattered

throughout the drift and alluvium of Lake Superior, there can be hardly a

doubt as to this being the source from whence the latter have been derived.

This is the more satisfactory, as Lake Teraiscoraeng is situated to the north-

east of Lake Superior, in a direction, which, as has been shown in the pre-

vious pages, is also that to which most of the striae of this district seem to

point, thus showing, that the two operations— the grooving of the rocks

and the transportation of the materials— have taken place in the same
direction from north-east to south-west.
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CHAPTER XV.

SUPERFICIAL DEPOSITS —CoNTiNUiB.

BY E. DESOR.

Terraces of Mackinac.— Their Composition.— Their Similarity with

those of the Baltic.— T^Taces of the adjacent Coasts and Islands.—

Their relative .,1^,*..— djUcnUrim, in their Origin,— Denudation of the

Drift,— The Period of itn Denudation.

Terraces of Mackinac.— In my last report,* I briefly alluded to the

gravel terraces which skirt this island, as among its most remarkable fea-

tures. At that ti-ne, the age of tlic corresponding terraces of Lakes Huron
and Erie had not ^..en ascertained, nor was it known whether they wore of

marine or fresh-water origin. I therefore refrained from entering in^o any

speculations as to their precise age, but merely stated that they were more
recent than the drift, and ranked them among the alluvial deposits.

Meanwhile, Mr. Whittlesey has succeeded in finding fresh-water shells in

the clay and loam deposits of the south shore of Lake Erie, and was led to

infer that they belonged to the age of those lac; line deposits m u " valley

of the Rhine, known as loesa, which are intermediate between the "fit and

recent alluvium.

Although the terraces of Mackinac differ widely in composition from ^he

loam, or loess, of Lakes Erie and Huron, yet, the fact that both are poste-

rior to the drift and occur at similar heights on the coast of the same lake,

seems to ^varranf: the conclusion that they may l.ive been simultaneous.

The next inq"iry would be, how far their peculiarity of structure can be

accounted for by their insulated and exposed position in the straits. This

island, situated at their eastern entrance, is as interesting in a geological, as

in a p cturesijue point view. It rises to the height of three hundred and

fifteen feet, and its ba'^^t- and precipitous cliffs, occasionally crowned with

clumps of foliage, at once arrest the attention of the traveller, more espe-

cially S'nce the whole \\estern coa^t of L'^.ke Huron is low and void of

scenic interest.

The sketch on the foiiow'ng page (Fig. 24) roi/resents a distant view of

the island, appro.,>.hing j .n the enstward. Its main features, when seen

from the vsharf, a1 rst ; ppear exceedingly simple. A cliff of limestone,

white and weathe - te! with a narrow, alluvial plain skirting its base, is

the first thing whi en conniands attention; but, when following along the

gently curving bay, towards the Mission house, if the geologist happens to

cast his eye upon the terrace which rises in the rear of the house, he will

notice that the cliff is no longer composed of solid rock, but of loose mate-

rials consisting of limestone-gravel, with larger pebbles intermingled— dif-

fering in so marked a degree from all other detrital deposits seen along the

shores of the upper lakes, that his curiosity is at once aroused. He would,

• Report Port I., p. 213.
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at first si^ht, be Jispused to class it with alluvium, were it not for the height

at which it occurs, namely, eighty feet.

Fig. 24.

Mackinac.

1. Lover's Leap. 2. Ilarbor. 0. Village. 4. Fort. 5. Signal.
6. Sugar Loaf. 7. Misaion. 8. Robinson's Folly.

These loose materials disappear, as soon as we reach the top of the ter-

race, being merely heaped up against the cliff, so as to form an external

covering, and are also lost sight of in going southward towards the fort.

If, from this point, v:e proceed towards the signal at the summit of the

island,' we find at first the surface of the plateau destitute of detrital mate-
rials, with the exception of a few isolated boulders. It is only when ap-

proaching the foot of the signal, that they reappear; but essentially diffe-

rent in composition, being composed of rolled materials, as stated in a

former report, characteristic of the true drift. It is evident to the observer

that deposits so essentially different cannot belong to the same period.

If, from the harbor, we follow the coast south-westwardly, towards the

headland known as Lover's Leap, we meet with features still more inte-

resting. Instead of one terrace, we meet with a scries of them, the relative

position of which is indicated in the following topographical sketch:

Fig. 25

Topographical Sketch of Mackinac.

1. Lover's Leap, 2. Harbor, 8. Village, 4. Fort, 6. Signal,
6. Sugar Loaf, 7. Mission, 8. Robinson's Folly.

*i
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The terraces are most striking in the immediate vicinity of the promon-

tory, where, from their being crowded together in a narrow space, they

appear like a gigantic stair-case. They are Uss distinct in the vicinity of

the village, on account of their being farther apart, still there is no difficulty

in tracing the principal levels, as will be seen by the sections below, (Figs.

26, 27.)

The materials composing these terraces are limestone-gravel, with hardly

any aii mixture of foreign rock ; which is the more remarkable, since there

are many pranite pebbles and boulders in the drift, at the summit of the

island.

In surveying the position and structure of these terraces, which contract

near the head, and expand under the lee of the promontory, we become

convinced that they were formed by a current setting from the south-west,

which, after having passed the point, subsided in velocity and dropped the

materials transported from the adjacent shores.

The following sections (Figs. 26, 27), taken at two different places across

them {a-b and c-d, Fig. 25) exhibit the relative height and width of the

terraces at these points

:

Fig. 27.

iyf<

Fig. 26. Section along the line a b, in Fig. 25.

Fig. 27. Section along the line e d, in Fig. 25.

The first section was taken immediately east of the Lover's Leap, where
the terraces are in close proximity. Starting from the beach, which, at the

time of the measurement (June 22, 1849,) was five feet above the lake-level,

we found the following order of succession

:

No. Width. Height.

1. A terrace lOfeet. 9.5

2." « 10 « 22.

8. « « more distinct 60 " 42.

4." « with a slope of 50° 55 <' 105.

6. Summit of a limestone ridge 147.

In the next section, the two upper terraces preserved the same level, but

they are farther apart.

The third terrace which, in Fig. 26, is only fifty feet wide, here assumes

a width of three hundred and fifty, while the two lower are replaced by a

succession of ridges, with double slopes, like recent beaches.

There can be no doubt that this change is owing mainly to the configura-

tion of the coast. By referring to the diagram (Fig. 25),. it will be seen

that the cliff recedes, as we proceed N.E., and thus a wider space is allowed

for the expansion of the material:. ; and as the current abated in velocity, it

lost its excavatory power, and hence the terraces expand in width, until,

farther on, where 'ri« wearing ceased altogether, they disappear and are re-

placed by unalter )eaches.

Along the south-western shore of the island, there are no indications
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whatever of tprvaces; but the northern shore is lined with a succession of
beaches, not unlike those hofore ilescribt'd, except that they extend over a
wider are.i. AIon<? Ihc road leading to the Eritish landiii^r, they occupy a
space not less than three-fourths ol a mile in width, extending nearly to the
farm-house, where the houldors ri-appear. There is here a remarkable ridge
of lar^o liuiestone pebbles, which appears to correspond with the highest
terrace on the opposite side of the island, and to mark the limit between the
drift and the ancient beaches. The exact level at which the latter disappear
on the north side of the island was not determined with precision, but was
estimated at seventy or eighty feet. As will be seen hy the following
diagram, which represents a section of the island of Mackinac, there is

Fig. 28.

Section of the Island of Mackinac.

a most striking contrast between the two shores. On the one side, we
have distinct terraces with stair-like slopes, and on the other a series of

beaches with gentle slopes ; and yet the materials of both are identical.

This difference is chiefly owing to the form of the coast. On the southern

side, where the space is narrow and the slope abrupt, there was a wearing

off of the beach after the upheaval of the land. These terraces are due to

successive upheavals, and the base of each marks the limit of the periods ot

repose. On the northern side, the coast is low, presenting a long and gen-

tle slope. There was, therefore, room enough for the formation of beaches

at each change of level, which, after having been raised above the reach of

the waves, remained unaltered. Hence, a succession of uniform beaches is

produced on those parts of the island exempt from the wearing action of

currents, but those portions exposed to this action are characterized by ter-

races.

These beaches gradually decrease, as traced from the British landing, and,

after having turned the north-east corner of the island, entirely disappear

—

the shore being again Imed with high limestone cliffs, which extend uninter-

ruptedly to the eastern promontory known as Robinson's Folly. Yet this

portion of the island is not entirely destitute of detrital deposits, for there

IS to be seen, a short distance beyond the Arched Rock, a terrace with steep

slopes, consisting of limestone pebbles, and rising to the height of about

twenty feet ; its top and sides are overgrown with large trees, showing that

it ia not of very reesnt origin. Like the terraees at Lover's Leap, it abuta
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against a promontory ; and as it does not extend beyond, it is evident that

its formation is due to the shelter afforded by it ; the cave in the rear

causing an eddy, in which the currents deposited a part of their materials.

This is farther confirmed by the fact that there is a recent beach, of con-

siderable extent, abutting against the promontory, and separated from the

terrace by a small marsh.

The most important feature, however, is the fact that both beach and

terraces occur on the north-west side of the promontory, thus showing con-

clusively that they were formed in the lee of the east wind ; whereas the

terraces of Lover's Leap, as well as the beaches on the north side, near the

British landing, were evidently in the lee of the south wind. This is, in

itself, sufficient evidence that the gravel terraces, like the actual beaches,

were accumulated under the influence of local causes, at a time when the

topographical features of the i ^gion, and the distribution of the winds, must
have been very similar to what Lhey now arc.

It will not be uninteresting to com])are these observations with similar

ones made by Sir R. Murchison on the island of Gothland, in the Baltic :*

" In many ancient bays (of Gothland), where the coasts do not present

bluff-cliffs washed by the Baltic, like Hog-Klint, on the east coast, and

Mount Hoburg on the south, terraots of water-worn antl flattened shingle

are exhibited at heights of twenty or thirty feet above each other, of which
four or five may, in some places, be counted, between a low interior (or an-

cient) cliff or scar of limestone and the present sea, to which there is usually

a long slope from the lowest of these terraces. The inland cliffs or scars

present, in many places, the asp(!ct of having been washed by the waves,

and the difFereiit terraces of shingle, (each having a level surface, and each

exactly like that which the sea washes at its present level) bespeak as many
distinct upheavals, and are eviden:ly quite unlike anything which could have

resulted from the gradual upraising of the island. As the nature and rela-

tive position of numerous raised sea-beacKes, or shingle banks, in different

parts of Norway and Sweden, lead to the same conclusion ; the bearing of

this view upon our subject, consists, not merely in establishing a submarine

condition of things, totally iruconcilable with the application of former

glaciers to such tracts, but is, as will be seen, of some theoretical value in

accounting for the motive power of those waves of translation, to which I

have elsewhere referred, and which, independent of all glacial action, may,

by sudden upcasts, have produced the violent transport, and consequent

rounding and rolling onwards of much gravel and detritus.

" Now it is important to observe, that those terraces in Gothland, simply

consist of the limestone locally rolled and flattened into shingle, such as is

actually formed on the sea-beach ; and it is only after having passed over

them, and when we have reached to the height of a hundred feet more, that

we meet with the "Osar" drift of foreign, coarser boulders, mixed with

limestone debris, and surmounted here and there by great angular blocks."

So striking is the resemblance between these two localities, that we need

only substitute the island of Mackinac for that of Gothland, to have a true

picture of the relation between the drift and the gravel terraces. It is true,

the shingle beaches of Gothland (!• ict attain so high a level as those of

Mackinac ; but the height of ' 'ty fi'tt is suflficient to warrant the conclu-

sion that they have not been '/." ' I'P by the mere action of the waves

QuMtflrly Journal c,' L'.sd. Geol. Society, 1846, p. 860
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and surf; but that they must have undergone an upheaval since their

deposition, which brings them into the same category with the terraces of

Mackinac.
Terraces, in every respect similar to those of Mackinac, occur on the

neighboring coasts and islands. On Round island they attain an elevation

of forty-six feet, by the south shore, between the two hooks. On the west
coast, Mr. Whittlesey found them at the height of eighty feet. I noticed

that the gravel, although composed of the same limestone as that at Macki-
nac, was much finer, the pebbles rarely exceeding a chestnut in size.

A similar terrace, but of less height, measuring some twenty kai, may be
seen at the foot of Rabbit mountain, on the north coast of Lake Michigan.
At Pointe St. Ignace,* it rises to a greater height, connecting, as it were
the various promontories of limestone, which stand out like bastions in a

huge wall. The terraces are still more remarkable in the vicinity of Grog
Cap, the uppermost attaining an elevation of one hundred and thirty feet.

Two miles east of the promontory, I noticed one at the height of eighty-

five feet.

It can be safely inferred from the terraces of Gros Cap, as well as those

of Mackinac, that the upheaval took place at successive intervals, and that

the waters were stationary for some time at the foot of each. It will, per-

haps, be possible, at some future day, to trace these various h'vels around
the islands, and thus to ascertain whether or not the upheaval has been uni-

form throughout the whole range.

Jigc of these, Terraces.— That the terraces of Mackinac and the adiocont

shores are more recent than the drift, needs no farther demonstration, since

the latter, as was shown previously, is only found at higher levels, to which
the terraces do not reach. Nor can they be mere alluvial beaches, for they

occur at too great heights to be due to the mere fluctuations of the lake-

level. To account for their actual position, we are compelled to assume a
rising of the land at successive epochs. Now a change of one hundred and
five feet, which would be required to account for the highest of the terraces

at the Lover's Leap, supposes such a change in the distribution of land and
water, and such a change in the aspect of the surrounding country, that it

is, in itself, a sufficient reason for separating the terraces from tlie beaches,

the latter being decidedly alluvial.

On the other hand, the position and distribution of the terraces are not

without some importance, in reference to their age. We have found the m,
for the most part, occurring on the east side of the island, and especially

imder the lee of the promonotory of Lover's Leap, where they are shel-

tered from the south-west winds and currents ; whereas none are found to

the west. The inference, therefore, is plain that the materials must have
T been carried from south to north, or in a direction opposite to that of the

drift ; and this may be considered as another proof that the deposits have
nothing in common.

If we now consider the geographical position of the island, it can hardly

be expected that a sheet of water with the current coming from the south-

west, could have been anything else than an inland sea. No fossil remains

have, as yet, been found amoijg the terraces to throw light upon their

origin, and it is not probable, firn-r. their structure, tiiat they wiii yield any.

I

tf*i!l

1

* The reader must not confound St. Ignace and Gros Cap of Lake Michigan witli those of

L&ktt Superior.
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The question as to their being of marine, frcsli water, or brackish origin,

cannot be decided by the evidence of fossil contents, and we are compelled

to resort to such evidence as is afforded by other ancient terraces and
beaches, of the adjacent lakes. Those of Lake Erie and Huron, as before

stated, have been ascertained to be of lacustrine origin. From their extent

and position, there can be no doubt that they are at least as ancient as

those of Mackinac; and, if the changes of level by which they were
brought into their present position were all uniform, the surface of this

ancient lake must have reached as high as the uppermost terrace of the

island. There is, therefore, no necessity of resorting to local changes and
disturbances, in order to account for the lacustrine origin of these terraces

;

and, since we have in the terrace of Cleveland direct evidence ' f the exist-

ence of such an extensive fresh-water basin, posterior to tiie great body of

the drift and previous to the alluvium, there seems to be some reason for

referring the terraces of Mackinac to the same epoch :— at any rate, they

cannot he more ancient.

There are, however, some difficulties in the way, which I feel it neces-

sary, in all candor, to state. I mean the absence of similar terraces far-

ther west, along the north shore of Lake Michigan and Green Bay. It

has been shown, in the preceding chapter, that at Pine river, the Manistee
and Menomonee, the true drift may be found a short distance from the coast,

and at no considerable height above the lake-level, sometimes as lew, oven,

as twenty feet. Now, it is evident that, if the lake ever reached, in these

places, the same height as at Mackinac, we should find there similar ter-

races above the drift. The difficulty might, however, be met by supposing

that the upheaval which raised the terraces of Mackinf c to their actual

height, did not operate to the same extent west of the islanl. At any rate,

this circumstance is, in itself, a proof that the change could not have been
brought ttbout by a mere lowering of the water ; but that they must, at all

events, be referred to a gradual, but unequal rise in the land.

As in many other instances, there appears to be, on the island, something
like a gradual transition from the upper terraces to the highest beaches. It

would oe difficult to trace the line of demarcation between the two ; but

we need only consider the position of the latter, in such places where there

can be no doubt as to their having been merely the remit of the lake action

within historical times, to be convinced that they nowhere exceed eighteen

or twenty feet. It seems, therefore, not unreasonable to refer to an earlier

period, all such terraces and deposits of the Island of Mackinac, as occur
above that level ; whereas, those which are below it must be referred to

the recent period. With regard to the latter, the reader is referred to the

latter part of the succeeding chapter, by Mr, Whittlesey, on the ancient

and present beaches of Lake Michigan.

^H

DENUDATIOW,

It has been shown, in a previous report, that the position of the drift on

the island of Mackinac is such, that it cannot be supposed to have been de-

posited Originally in this manner, it being in the nature of the drift deposits

m general, to fill up the depressions and spread over the plains, rather than

to occupy the summits. I was thus led to the conclusion that the absence

of tb« drift, on the lower portione of the island, was owmg to a denudation
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caused, probably, by violent currents along the main channel* ; since a simi-

lar denudation i;* observed, ooth along the straits of Mackinac and the

valley of the S^ Marys' river, where the banks, on either side, for some
distance, are destitute of drift. The question arises, at what epoch did this

denudation take place ? The terraces at Mackinac afford us the means of

solving this problem, at least in part, as far as the island and neighboring

shores are concerned. A careful examination of the terraces has shown,

tnat they all rest immediately on the subjacent rocks, there being, nowhere,

any trace of drift beneath them. The inference, therefore, is, that the drift

fmust have been removed from the surface and from the slopes of the island,

previously to theformation of the terraces. As to the nature of these de-

nudating currents, we are inclined to the belief that they were chiefly owing
to the retreat of the waters of the drift epoch, when the continent, after

having been subsiding for a long period, began again gradually to rise. The
beginning of this rising, which might thus be considered as coincident with

the beginning of the denudation, would then represent the true limit between
the drift epoch and the highest terraces of Mackinac.
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CHAPTER XVI.

8in»ERPICIAL DEPOSITS—CoifriNuiD.

BY E DESOa

Alluvial Deposits.— Sand Beaches.— Pebble Beaches.— Marshes,— Flats.

— Subaqueous Ridges.— Hooks, or Spits.— River Belts.— Bars,— Ori-

gin of Hooks and Belts.— Dunes.— Their Origin.— Ancient Beaches

and Terraces.— Boulders of Saut Ste. .Marie.— ./indent and Present

Beaches of Lake Michigan. — Their Recent Origin.— Sections at Va-

rious Points.— Supposed Cause, the Deepening of the Channel ai

the Outlet of the Upper Lakes.

It has bet a repeatedly stated, in the preceding chapters, that, while the

interior of the upper peninsula of Michigan is covered with extensive drift

deposits, the immediate shores of Lake Superior, where they are suffi-

ciently low, appear to be lined with deposits belonging to the recent

epoch : to wit—the Alluvium. Under this head I shall include the recent

beaches, whether of pebbles or sand ; the marshes and flats ; those heaps

of blown sand, known as dunes, or downs ; and, finally, those beaches and
terraces which seem to indicate a higher level in the waters of the lakes at

some former period.

Sand Beaches.— The voyageur, who coasts along the northern shore of

Lake Michigan, cannot fail to notice those deposits of fine, white sand

which ine the shore, sometime for a long distance, and form the bottoms

of nearly all the bays and coves. This sand, when examined microscopi-

cally, is found to be composed of minute grains of nearly pure white

quartz. Similar sand beaches have been noticed as rir urring in many
places along the shores of Lake Superior. They assume, however, a

special interest in reference to Lake Michigan, for the reason that the

surrounding country is exclusively calcareous. The question, therefore,

naturally arises in the mind of every geologist, as to the source from

which this silicious sand was derived. There might be some difficulty in

answering it, if -we had simply explored the coast ; but, knowing that the

drift exists almost everywhere in the interior, and that, though Iss homo-
geneous in structure, it is yet composed of a large admixture of sand and

gravel, we are not at a loss to assign its origin to this source. Every
stream that flows down from the wide drift-covered districts in the interior,

carries with it a quantity of sand and gravel, which, when brought wthin

the influence of the waves, becomes thoroughly assorted ; the calcareous

particles are probably dissolved, while the silicious grains are distributed

according to their size and specific gravity ; and, when thrown upon the

beach, occasion those accumulations of white, homogeneous, quartzose

sand which are seen so generally lining the coast.

Pebble Beaches.— The occurrence of these is to be expected on all rock-

bound shores. I mention them here in consequence of their extraordinary

extent
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extent along the shores of some of the islands at the entrance to Green
Bay. The pebbles are chiefly limestone, varying in size from that of a
chestnut to that of a melon ; so few, indeed, are the specimens of igneous,

or raetamorphic nicks, that I have often walked for hours along the beach

without observing their presence. On some of the islands they are piled

up, like an immense wall, from six to eight iett in height.

Extensive; pebble beaches also occur on the southern shoi-e- of Lake Su-

perior, especially along that extended reach of coast to the east of Grand
Sable. The pebbles here arc almost exclusively granitic and entirely foreiga

to the rock in place (Potsdam sandstone).

For a distance of several miles east and west of Two-hearted river, the

shore is lined with an uninterrupted beach of pebbles of rather uniform

size, rarely exceeding that of an apple. This is the more extraordinary, as

the only depos't vi;-ible in the rear of the beach is fine drift-sand. Another
similar pebUe beacli is seen lining the coast for a long distance west of

White-fish Point. Occasionally, however, the pebbles are replaced by a

homogeneous sand beach.

The beaches along Keweenaw Point consist for the most part of trappean

pebbles of large sice, with an occasional admixture of granite ; and this

remark is a])plicable to those in the vicinity of the Porcupine mountains and
on Isle Royale. They have been derived, in the main, from the destruction

of the trapjiean conglomerate, and of the associated igneous rocks, while

the granitic pebbles have been transported by drift agencies ; where long

reaches of s-mdstone occur along the coast, few pebble beaches are observed.

In the vicinity of Granite Point and Middle island, granite and greenstone

pebbles greatly prejonderate. As a general r«le, the character of the

beaches is determined by the character of the neighboring rocks; but there

are many phenomena! which can be explained only after a close and elabo-

rate study of the outline of the shore, the depth of the water, and the na-

ture and for;e of the current. Such knowledge could not be acquired in a

hurried coasting expedition, in which investigations of this nature were ul"

subordinate interest.

Alluvial Marshes. — I place under this head those extensive accumula-

tions of alluvial matter which line the coast uninterruptedly, for a great

distance, and which, i n consequence of theii- low level, are generally swampy.
A. striking instance <'f this character ot-curs along the western coast of

Green Bay, which fo; a distance of more than thirty miles, to wit,—from
the mouth <if the Menoraonee to that of the Fox river,—is lined with a

continuous belt of low swampy ground, from a lew I'ods to half a rnile in

width. This marsh yields a luxuriant crop of wild hay, sufficient to supply

numerous herds. The soil ('onsists r)f the same Hue silicious sand, before

described as occurring on the beaches, am! its marshy character results from

its low position. The inquiry naturally siigiiests itself, why this marshy
belt should be confined to this particular locality, there being nothing like

it on the eastern coast of Green Bay, or the northern <;oast of Lake Michi-

gan. I canriot but tliink that, in this case, it is owing to the sheltered

position of the coast and its nearly uniform level, resulting from the hori-

zontality of the strata, which allow the particles of sand brought down by

the rivers to accurauli'.te and spread in regular layers, without being much
disturbed by westerly gales.

^'

* This is also tho jrigin of many marshes of less extent along the shores of Laico Superior.
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Flats.— There may be seen on the same western coast of Green Bay

extensive flats, which are simply the continuation under water of the allu-

vial sand, forminpf the soil of the marshes. Indeed, so gradual is the transi-

tion, that it is difficult to draw the line of separation between them.

The origin of these flats can be referred, with still greater certainty than
that of the alluvial marshes, to the action of rivers, from the circumstance

that they are more extensive in the vicinity of their embouchures. Thus,
at the mouth of the Pcshetigo river of Green Bay, the flats are not only

very wide, but a bar extends for a long distance into the bay.

The fact that the silicious sand deposits can be traced back to the agency
of rivers is sufficient proof that they are nothing more than the detritus of
the drift—the analogues, though on a small scale, of the flats, bars, and^
sand beaches, now forming on tne Atlantic coast.

Subaqueous Ridges.— An example of this character occurs on the north-

ern shore of Lake Michigan, not bv from the Fish station of Bark Point

{Pointe aux Ecorces), under the lee of a promontory, designated on the

map as Point Patterson. Here, the shore, after running due east and west
for some distance, bends abruptly to the nor' ii -east. The voyageur coming
from the west, after having passed Point Patterson, is struck by the appear-

ance of several bands of shallow water, indicated by a yellowish tint. These
bands, which appear to start from the extremity of the point, are caused by
subaqueous ridges, which spread, fan-like, to the distance of nearly half a
mile to the east, being from three to ten yards wide, and from five to ten

feet above the general bed of the lake, at this point. They are not com-
posed, like the flats, of fine sand, but of white limestone pebbles, derived

from the adjacent ledges, with an admixture of granitic pebbles, some of

which are a foot in diameter. It is difficult to conceive of currents suflH-

ciently powerful to transport and arrange such heavy materials, and yet we
know of no other means by which this aggregation could have been accom-
plished.

These subaqueous ridges afford, on a small scale, an interesting illustra-

tion of the formation of similar ridges now above water. If the north coast

of Lake Michigan were to be raised only twenty feet, such a rise would lay

dry a wide belt of almost level ground, on which these ridges would appear

conspicuously, not unlike those which occur on the south shores of Lakes
Erie and Ontario, and thus confirm the views of Mr. Whittlesey, that

most of these ridges are not ancient beaches, but have been formed, under

water, by the action of currents.*

Hooks, or Spits.— There are to be seen along the lake-shores, as well as

along the sea-shores, belts of loose materials, either sand or gravel, which
extend into the water beyond the rocky boimdaries, and form low barren

spits, or points. These spits are frequently curved at their extremities, and
have therefore received the name of hooks. A striking instance of this

character may be seen at the south-western extremity of Round island, op-

Iiosite Mackinac, which presents, as ascertained by measurement, the fol-

owing form (Fig. 29) :

• I have elsewhere expressed the opinion that the pchblo and sand ridges of the prairies

of Illinois have originated in like manner, or that they are (like the so-called Indian ridges

of New England, at Andover, Massachusetts, and in Maine, where they are provinciidly

tanned horse-backs) the analogues of the Swediah csars.

h [feJ
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Fig. 29.

Hook at Round Island.

A similar hook was measured on one of the Summer islands, in the vici-

nity of Death's door {Porte des mnrts). I found it a general rule that,

at the extremity of the spit, where it assumed the form of a hook, the con-

vexity was in the direction of the prevailing winds. The nature of the

materials has but little influence on the formation of the hooks. Thus,

where the beaches are composed of limestone pebbles, the hooks partake of

this character, and where beaches are composed of sand, the hooks consist

of the same material. I have noticed, however, that where the hooks are

made up of shingle, the smaller pebbles occupy the extremity.

The nooks combine, in various ways, with the more extensive alluvial

deposits, and, in many instances, it is difKcult to draw the line of separa-

tion between them. As an instance, I would mention White-fish Point on
Lake Superior. Not only is its extremity terminated by a regular hook,

which stretches eastward, but the whole area, extensive as it is in its struc-

tural relations, belongs to the hook formation. It will be seen, by inspect-

ing the map, that it is situated at the extremity of a long and almost straight

coast, succeeded by a wide bay known as Tequamenon.
Two causes have probably combined to produce this hook. The pre-

vailing current of the lake strikes the Canada shore— which consists of

firm igneous and metamorphic rocks, opposing ah effectual barrier to

the encroachments of the lake— and is thence deflected southward into the

bay, whose margin is lined with less coherent sandstone. The tendency of

this current would be to wear away the hook on the eastern side ; but the

loss is repaired by the prevailing winds which sweep from the north-west,

accumulating detrital materials on the western side of the hook. They
may, therefore, be regarded as compensating forces, the one counteracting

the effects of the other, and thus preserving the outlines of the point almost

unimpaired from year to year.

Nowhere did I see the hook-form so well represented as at Grand Marais

harbor, east of the Pictured Rocks. The projecting spit (Fig. 30) at its

entrance presents the following outline, platted from the measurements of

Mr. Whitney

:

Fig. 30,

Hook at the entrance to Grand Marais Harbor.
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It is iifi|>o.s«til»I<' loldolv^l (his little hook, wlthoul beiiij', struck with

itH rent'UtliUince lf» some of those on the oceanic ho:(ler,—lor instance, that

of CajM* CUul. Not only is it curved in the same manner, at its extremity;

but, in«i«l<' of the outer liook, there is a second and smaller one, which
WfcriiN a Miifiiature of the first. This is the case with Cape Cod ; the inner

hook I'lir.Utshu^ the J3ay o( Provincetown. Thus, the same causes which
<:on«trii<;l the alhivi.il deposits on the Atlantic coasl operate, though on a

k'SH i;sU-iuU-i\ scale, lo build up the spits of our inland lakes.

Similar hooks occur along the shores of the lower lakes., Ontario and

Erii'. A» a n'niarkai)le instance, 1 would mention Sandy Point on the British

Hide of Lake Krie, and the hqoks which enclose th»* harbor or Erie on the

Arncn<;afi »ide. On Tiuke Ontario, the most remark.ible hook is that which
shelU'TH the harbor of Toronto.

Hooks, like these, are of the highest importanci', being sometimes the

only natural harbors along low flat coasts. Even the smaller hooks are

not without interest, for they often, on the upper lakes, affoid a welcome
shelter lo the coasting-boats.

River-be.ltfi.— It is not unfrequent for a river, bejbre its denouchure into

the lake, to pursue for some distance a course parallel to the shore.

Their deflection is caused by an accumulation of sand, or gravel, very
mmilar to that of the hooks in composition, and deposited by the same
cauMf'H. These deposits, generally in the form of a narrow spit, are ele-

vated but slightly above the water. I shall designate these as river-belts^

in ord«r to distinguish them from the immersed ridges, known as bars,

which arf! formed across the mouths of rivers. As might be (Xpected, the

bars are, in many cases, but a continuation beneath the water, of the belts.

Sornc'limef', when the <'urrent is not strong enough to keep an open pas-

sage and the fnouth of the river becomi-s silted u]', the bar is transformed

into a belt and the water percolates through the sand and pebbles, and
thuH gains access to the lake. Numerous instances of this kind have been
obtjerv'i'd on tlie sDuth shore of Lake Superior, and on those of Isle

Koyale. During a freshet, the v.-ater cuts through the belt in a direct line,

but 'M it xnbsides, tlie channel is again destroyed, or deflectcid for a long
distance,', parallel with the coast.

Belts and bars are to bo found only where the shores are flat; but

they are AVanting where the coast is bold and the water deep. As exam-
ples of tlie former, on the northern shore of lake Michigan, I would
mimtiou a small river near Biddle's Point, and another near Pointe aux
CbeneH, an<I the M(momonee and Peshetigo rivers. They are still more
eon»i>icuou.s on the south shore of Lake Superior ; as examples may be

cite<! the moutlis of the Ontonagon, of the Traine, and of the Two-
htiarU'A rivers, but especially that of the Chocolate river, wliich is repre-

uetited in the following sketch (Fig. 31), in which the proportions are

correctly rei)resented

:

Fig. 81.

,ii

^,<^^SSi=i-<_- -
'

, ^ . • • /V5s!!a2!==-i :^^w

Belt of Chocolate River.

D. T. Drift-tonacc. II. Hook. D, Dune. M. Marsh. il. River.
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The belt extends from west to east, and Is composed of a fine yellowish

sand, identical with that of the beacli westward, but different from that of

the drift-terrace which lines the river on its right bank. As a peculiar

feature '
this belt, I would mention tli;it it is covered towards its origin

witha n^ ^e of dunes, thus showing that, however reteiil the belt may be,

the dunes are still more so. 'I'he recent origin of the dunes is confirmed

by the fact that they arc found embedding half-decayed elders, which,

being particularly fond of a wet soil, could never have grown on this spot,

under the present conditions.

The most remarkable of all the belts of Lake Superior is that at the

mouth of the St. Louis river, the extent of which may be seen by inspect-

ing Bayfield's chart. It is of such magnitude that it can be compared
only to similar phenomena on the ocean shore. Occurring, however, as it

does, within another geological district, and not having given it a personal

examination, I must pass it by without forther comment.
If it were asked to what extent a river may be deflected from its natural

course by the increase of its i)elt, we might refer to many along the

southern coast for an answer. The Carp ri\'er is a marked example. The
present embouchure is but little deflected from the straight course ; but

there is to be seen at the left, an ancient channel through Avhich it formerly

flowed.

It would appear that many of these rivers, after flowing for some distance

in a direction parallel to the coast, encroach gradually upon the belt, until

it can no longer resist the pressure of the current, when it gives way and
allows the waters to flow directly into the lake. By and bye, the beach-

sand accumulates outside of the river, and the latter again begins to be

deflected. Similar changes arc often effected during a gale of long continu-

ance. The mouths of many of the rivers are changed to an opposite direc-

tion, and the old belts are dc.^^troyed and new ones formed.

The belts assun^e a unifr ii direction, where the winds prevail from a

certain quarter. On the norlh ,^hore of Lake Michigan, and on the south

shore of Lake Superior, they commcmly run from west to east ; but on the

north shore of the latter lake, 1 am informed, their general direction is

from east to west.

Bars.— It need hardly be stated that the bars are only modifications of

the river-belts, and that they are formed on the same principle; in other

words, they are merely the continuation of the belts under water. There
is.hardly a river along the fla! portions of ttie shores of Lake Superior, or

Lake Michigan, where this continuity is not observed. Unless the current

be strong enough to keep an open channel, these bars become like those of

the ocean, a serious impediment to navigation. This is the case with regard

to the Menomonee ; the bar car- i )t be passed by steamers, or even schooners,

otherwise the river would be navigable to the first rapids. The mouth of

the Peshetigo—a very considerable stream south-west of the Menomonee,

—

is hardly accessible to a coasting-boat.

Origin of Hooks and Belts.— Hooks and belts are due to a common
origin, and hence they present a similarity of features. Both are the result

of an eddy, or a dimiiv' • iilocity in the current. It is an admitted prin-

ciple of hydrography t^ * , y currentj holding sand or other materials in

suspension, will drop a poi'"' of its freight whenever its velocity is dimi-

nished. When, d'lring a gal
, he waters loaded with sand, after rushing

around a point, pass into a shelti. red bay, they immediately drop a portion

r!i

^

' 1
\ i

r.

'M

River.
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of the ii pterials held ir, suspension. A deposit, thus commenced, goea on

increasing during ever} gale ; but, at the same time, a current, which is no
longer kept in a steady dirt'ction by the re' ;. nee of the shore, will be de-

flected towards the ba}-, and the deposit » ^1. . onsequently assume an arched

form. The hooks, occurring at the outlet of a river, or where it assumes

a lake-like expansion, or where it bends abruptly, are the result of the same
principle. The hooks of islands, like those of the main shore, occur in the

direction of the prevailing winds. Thus, for example, on the islands near

Death's door {Porlc den marts), the sheltered, or lee side, will be to the

S.E. ; the waters rushing from the N.W. will glide on both sides along their

shores, until they meet at the opposite extremity, with a relative eddy,

which causes them to deposit a portion of their freight in a similar manner
as in the sheltered bays and coves of the main shore. The degree of cur-

vature in the island hooks depends chielly on the comparative inequality of

the currents on either side. If the island is so situated as to allow the cur-

rent to reach the lee, or sheltered coast, onlv on one side, the curvature will

be great ; but, if the currents reach the lei )( the island with equal force

from either side, there will be no curvature ;—on the same principle that the

sand, which accumulates on the lee-side of the pier of a bridge, is arranged

in a straight line. As a whole, the island hooks are less curved than those

of the main land. That dej)osits of a similar kind should occur at the

mouths of rivers is but natural, if we consider that river-belts are also the

result of a relative eddy. If a current, either constant or reniittent, sets

aiodg n shore, it will continue to flow with equal strength as long as there

is no obstacle interposed ; but, when it meets in its cours- the current of a

nv<r debouching at right angles, the latter will cause the former to abate

ir* velocity, and thus a state of comparative cjuiet is produced, in consequence

of which, a portion of the materials are thrown down at the point of con-

fluence— the river here acting the same part as a bay in the former instance.

The width, however, of a river-h*^'*^ is not generally greater than is required

for the discharge of the waters, and hence it follows, that the belt cannot

encroach on the river ; thereiore, instead of bending inward, it increases in

a straight line, parallel with the bt eh.

As to the origin of the materials of belts, it will be found that they con-

sist of sand and pebbles, similar to those of the neighboring beach ; thus

show^ing that they were heaped up from without and not from within. This

is especially striking in places where the materials of the river differ from

those of the beaches. Occasionally, we may find the inner margin of the

belt partly composed of river materials, but they are seldom mingled with

those of the outer margin.

It follows, from the foregoing remarks, that belts, as well as hooks, must

go on increasing beneath the water for sometime before they appear at the

surface ; and, indeed, it is not unfrequent to see the subaqueous portions

extending for some distance beyond the subUerial ones,— the former being

indicated by the different hues of the water. These hooks and belts afford

us the most simple and natural explanation of the formation of bars, which

are nothhig but immersed belts.

The occurrence, to such an extent, of hooks, belts, and bars, on the

borders of our lakes, cannot but have some bearing on the views entertained

as to their origin along the shores of the ocean, vhere they are developed

on a larger scale. Their formation has been mainly ascribed to the action

of the tidal currents ; but it is sufficient to have shown that they are phe-
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nemena of common occurrence along the lake-shores to prove that tidal ac-

tion is not necessary for their formation, although there can be no doubt
that, when there is a tidal current, ii must play an important part, in con-

junction with other causes.

Dunes.— Under the name of dm >, or downs, wo designate those irregu-

lar heaps of fine sand wliifh arc aciumulatcd ly the winds on certain

shores. They arc genornlly mrnposed of fine siiiciotis sand, without any
stratification. T ir most ':onspic'i')us Ibature, however, is their irregular

outline, which is so s lik ''i^ '^ .mot fail to attract the notice even o^
those who are not i)arti<' a. igcd in goolo:j;ic;il inquiries. Not only

are the hillocks of very ^rr ',e ud height, but tliey are often shaped
in the most fantastic m o mg very steep, others with a .gentle

slope, and others with ) lines. They have not improperly been
compared to oceanic waves s y solidified.

Dunes are especially conspic <n-i on the oceanic shores ; and there are

countries in which they are of parnmoimt importance, both in a geographi-

cal and economical point of view. Holland owes its prosperity chiefly to

the shelter wlii. h the dunes adbrd to its navigation, by forming a natural

and most valuable barrier against the invasion of the sea : whereas, in other

countries, they are dreaded on account of their encroachment upon culti-

vated and fertile soil ; as, tor instance, on the coast of Suffolk, in England,
and in Gascony, France.* It appears that, in some countries, they aclvance

with great regularity, so uiucli so lliat they have been represented as natu-

ral chronometers, the rate of their advancement affording a means of calcu-

lating approximately the epoch when they first began to accumulate.

Although the dunes, as a whole, are less frequent on this side of the At-
lantic than on the other, yet there are some striking instances of their oc-

currence on the shores of New England, especially at Cape Cod, where
they have been described by Professor Hitchcock. There, too, we may
witness considerable changes from year to year, in their outlines. Nay, the

movements of the blown sand have been deemerl serious enough to attract

the attention of the government, and it has been attempted to devise means
to prevent the harbor of Provincetown from being eventually filled up.

This object has been partially attained by planting beach-grass along the

shore, whereby the single grains of sand are arrested in their course, and
the onward progress of the dune stopped.

The dunes of the upper lakes are of peculiar interest, affording, to my
knowledge, the only examples of their occurrence on the borders of an in-

land sheet of water. Nor are they in any way inferior in height to those

of the ocean shore. The average height of the latter is indicated, by M.
Elie de Beaumont, at from twenty to sixty feet ; and it is only in extraor-

dinary cases that they rise to the height of one, two or three hundred feet.

Those of Cape Cod do not exceed eighty feet, although they have been des-

cribed as being higher ; whereas, it is reported that some of the dunes, on
the eastern shore of Lake Michigan, attain a height of three hundred feet.f

One of the hills, which from its striking appearance is called the Sleeping

Bear, is said to be nothing but a huge dune.

* There are, in both countries, instances on record where whole villages have been in-

vaded by the dunes and converted into deserts.

fThe hills called Grand Sable, east of the Pictured Rocks, on Lake Superior, are some-
times ranked among the most remarkable instances of dunes ; but I have shown in my for

mer report that they belong to the drift formation.
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Those of the north shore of Lake Michigan, although not quite as high,

are nevertheless very striking. The most remarkable for size, or extent},

occur at Pointe aux Chenes, a locality some twenty miles west of Mackinac.

The shore rises suddenly to the west of the point, in hills whir,h, from their i

singular shape and bare surface, would be recognized at once, even from a
distance, as dunes. They are composed of a fine quartzose sand, with a lit-

tle admixture of colored grains, which impart to the whole a yellowish tint.

Having measured several of the hills with my pocket-level, I found them to

average, near the point, from eighty to one hundred feet in height. The
highest, however, at a distance of half a mile from the point, I found to be

one hundred and twelve feet, extending, uninterruptedly to the west,

a distance of some six miles ; but at the same time decreasing in

height, until they are reduced to hillocks, not exceeding twenty-five feet.

I noticed, besides, that they became more and m.ore covered with vegeta-

tion towards the west, this being without doubt the most ancient portion.

There are nowhere any traces of stratification to be seen in them ; nor could

I detect a single pebble in the mass, except some few scattered ones in the

depressions between the hillocks, where they were thrown up by the waves,

in severe gales, as is also the case on Cape Cod.

In following the summit of the upper dune-ridge at Pointe aux Chenes,

I noticed that the back slope was very steep, and at the same tune very con-

stant. I found its inclination to be 32°; this being, without doubt, the

grearost natural slope which this kind of loose sand is capable of assuming,

.when sheltered from the winds.

Whenever the dunes e7;lubit some regularity, or are so situated as to form
a succession of ridges perpendicular to the coast, this greater steepness of

one slope is always noticeable. Moreover, it is invariably found that the

gentle and long slope is towards the windward side, and the steep side to

the lee. This feature is especially striking near the western extremity of

the dune-ridge of Point aux Chenes. The same feature is repeated in several

places along Lake Superior.

As a peculiarity of the dunes, in both places, I would mention that they

are often covered with trees of considerable size, such as, to my knowledge,

do not occur on any of the oceanic dunes. One white pine, which I meas-

ured near the top of one of the highest ridges of Pointe aux Chenes, was
found to be eight feet m circumference ; thus showing that the dune has, at

least, remained unchanged in this spot, for some length of time. The trees

unquestionably act as barriers to prevent the sand from spreading further in-

land ; and there is but little doubt that if they were cut down, the scanty

vegetation which covers the summit and the back of the dune-ridge, would
prove insufficient to resist the action of the winds. The sand would be laid

bare, and the whole range of dunes would spread inland, as it is known to

do in several parts of Europe. A peculiarity of this character was observed

on the summit of the country back of the Grand Sable of Lake Superior.

Here, numerous clumps of trees rise up like islands, in a wide waste of

shifting sands, and struggle to gain a precarious support.

Next to the dunes of Pointe aux Chenes, the most remarkable within the

upper peninsula of Michigan are those of White-fish Point, on Lake Supe-

rior, an outline of which is given in the following sketch by Mr. Foster

(Fig, 32).
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Sand-dunes at White-jish Point.

Although very conspicuous when seen from a distance, the dunes of

White-fish Point are, nevertheless, smaller than those of Lake Michigan.

The most elevated hills do not attain the height of the light-house, which

is built among them, and which is seventy-five feet high. As to their extent,

it is doubtful whether they cover .more than a square-mile
;
yet their posi-

tion in front of the projecting promontory is such, that they necessarily

attract the notice of all travellers on Lake Superior ; and hence their great

celebrity.
i' An interesting instance of the instability of the dunes is afforded at the

western extremity of White-fish Point, as seen by the following sketch

(Fig. 33).

Fig. 83.

'ii

Section of a Dune at White-fish Point.

A dune (2) some twenty-five or thirty feet high, is seen rising near

the shore ; and between it and the gravel beach (1) are seen several dead
'• pine trees, buried partly in the sand of the dunes. Now, it is hardly prob-

able that the shore wai as barren as it is now, when the trees first grew in

that place. Being apparently of the same kind as those in the rear of the

dune, which are rooted in the alluvial soil of the point, it is but natural to

.
: suppose that they belong to a similar soil, and attained their full size before

: the dune was formed. Thus it would follow that the dune has taken pos-

session of the soil subsequently to the growth of the pines, which have

yiprobably been killed by its encroachment.

A similar instance of the recent increase of dunes has been previously

-••^mentioned as occurring near the mouth of Traine river, where young elders

may actually be seen buried to the limbs in the sand of the dunes; and there

- is hardly any doubt that, like those of White-fish Point, they will die, if

the sand is not removed.
.fio»! Dunes also occur, to some extent, along the shore of Keweenaw Point,

vjtf.west of Eagle Harbor. They here line the coast for a considerable dis-

tance, but do not exceed twenty-five or thirty feet in height.

> The mouth of Eagle river is likewise liaed with a succession of dune
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ridges ; the highest of which, and also the most distant from the beach, t

found, by measurement with a pocket-level, to be forty-seven feet. Like

those of Pointe aux Chenes, they are covered with a scanty vegetation.

Dunes of less extent occur at the mouth of several rivers, both on Lake
Superior and Lake Michigan. On the former, I would mention those of

Chocolate and Traine rivers, which are as much as thirty^six feet high ; on

the latter, those at the mouths of the Manistee and Menomonee, along the

western shore of Green bay. More extensive dunes occur, I am told, on

the north shore of Lake Erie, on that extensive spit or hook called Long
Point, where they appear, from a distance at sea, as a chain of very singu-

lar hills. . Mr. Murray mentions, also, dunes in several places along the

east shore of Lake Huron. At Port Franck they rise to the height of one

hundred feet and more.

The occurrence of dunes, more frequently at the mouths of rivers than

elsewhere, is probably to be accounted for by the fact that the beaches are

here more extensive, and offer a greater supply of sand.

Origin of the Dunes.— It need hardly be stated that the dunes. are

nothing else than the sand of the beaches, raised by the winds when dry,

and heaped up in these irregular hillocks. This process may be witnessed

on every sand beach where the wind has free access ; besides, we need only

compare a handful of the dune sand with the sand of the beach, where it

is homogeneous, to be convinced that the two are identical.

The dunes which we have been describing, therefore, enable us to correct

an erroneous impression as to their mode of formation. The circumstance

that the most celebrated among the oceanic dunes, those of Holland in

Europe, and of Cape Cod in this country, occur on coasts where there is a

considerable rise and fall of the tide, led to the inference that tides were
necessary to their formation ; it being known that the sand of the beach
frequently becomes suff *ly dried, during the ebb, to be carried off by
the winds. The abovi ioned instances of dunes on the shores of the

upper lakes will suffice lo lofute this opinion, by showing that tides are not

necessary to their existence, and that the mere action of waves is sufficient

to supply the materials for their formation on an extensive scale.

Another feature of dunes, both on the shores of the ocean and of the

lakes, which I would mention, is, that they occur only on flat coasts, where
the waters are subjected to considerable motion, either from currents, or

from the action of the winds, or from both these causes combined.

Now, this law is strikingly illustrated by the dunes of tr.e upper lakes.

As was stated before, the most conspicuous ones occur on the eastern shore

of Lake Michigan, in those regions which are most exposed to the winds.

The dunes of Pointe aux Chenes, which we have just been describing, are

also exactly in the direction of the prevailing winds ; and, moreover, it

can be shown that they were formed from west to east ; whereas, the west-

ern coasts, both of Green Bay and Lake Michigan, are entirely destitute of

them. It is true that dunes are equally wantmg on the eastern shore of

Green Bay ; but this is owing to the steep limestone bluffs which line the

coast, and do not favor any considerable accumulation of sand on the beach.

The dunes of White-fish Point are also in the direction of the prevailing

gales, which blow here from the north-west.

Considering the phenomenon of the dunes, as a whole, it would appear
that it exclusively belongs to the present era ; at least, we do not know of

fmy instance of their occurrence referrible to a previous epoch ; whereaS;
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they are fre(juently found covering the most recent of the quaternary depo-

sits. Thus, It is not uncommon to find them resting upon peat bogs^ both

on this side of the Atlantic and on the European coasts ; and I feel confident

that similar instances might be discovered along the upper lakes. , At any

rate, the fact that they are composed of sand gathered from the beaches is,

in itself, sufficient evidence of their very recent origin ; it having been shown,

in the foregoing pages, that the sand beaches, together with the sand flats

of the upper lakes, belong to the most recent deposits. Indeed, so mani-

fold are the evidences of the modern origin of dunes that M. Elie de Beau-

mont has even proposed to designate the actual period as the Era of dunes.

It would appear that, since dunes began to form, no change of any conse-

quence has taken place in the relative distribution of land and water, either

along the ocean, or in the region of the great lakes.

Dune-like Ridges.—There are various localities along the upper lakes

where the dunes seem to pass gradually into sand-beaches, or, at least,

assume such a regular outline that it is sometimes difficult to identify them.

As an instance, I would mention a series of low ridges near the mouth of

Traine river, on Lake Superior, where they cover a surface of at least a

mile in width, stretching from N,E. to S.W., and separated by trough-like'

depressions, generally filled with water. They are also covered by a fine

growth of white, yellow and black pines {Pinus Banksiana); so regular and
so parallel indeed are these ridges that, when crossing them in going from
the interior towards the shore, they appear very much like ancient beaches,

and it would be but natural to consider them as such, were it not for their

homogeneous composition. In proportion as we approach near the shore,

the vegetation disappears, the trees become less abundant, and, at last, the

ridges graduate insensibly into the barren dunes which line the river. Now,
there can be no doubt that the latter are genuine dunes ; and since they are

parallel and identical in composition with the ridges in the rear, the infer-

ence is but natural that the latter have originated in the same manner.
Very probably they are the result of the combined action of wind and
waves. A series of similar ridges or parallel dunes occur at the mouth of

Miners' river, and also in various places between Grand Marais and Two-
hearted river. Near the mouth of the latter river, they rise to the height

of eighty feet. When the dune- ridges are too crowded, their unequal slope

is sulJ'ien*^ to i;::^icate tlieir true origin—the lee-slope, which is here the

eastern, beilig much steeper and shorter than the opposite or western slope.

When, however, as it sometimes happens, the ridges are so crowded as to

obliterate these features, it is not always easy to distinguish them from the

underlying sand deposit, especially when the latter is composed of fine and
homogeneous materials. By closer examination, however, I generally suc-

ceeded in discovering some ]
ice along the shore where the base was strati-

fied ; whereas, the ridges ab ) e were not.

her these ridges, in spite of their want of

cen formed under water through the agency
ive prevented a regular stratification ; and,

likewise, if their unequal slope might not be owing to some subaqueous

cause. Without denying the po"sibility of such an origin, I would remark,

that none of the shoals or subn;arine ridges with which I am acquainted,

exhibit any such feature ; and, moreover, they generally contain some peb-

bles either intermingled with them or occurring in their immediate vicinity.

At any rate) if it SiuJuld be proved that they are not true dunes, but the

It may still be asked wh
stratification, might not have

of some current which would
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result of aqiK'oiis a(;tioii, tlicv can hy no incur-: he f>r;iit bcacht's, fb, iliiir

direction far from being parallel to the shore, is almost perpendicular to it.

Besides, the recent I)eachfs, in (he vicinity of Two-hearted river at least,

are entirely different in their composition, consisting almost exclusively of

rounded and water-worn pebbles

Ancient Beaches and Terraces.—The various kinds of alluvial deposits,

which we have thus far been examining, can all be readily explained by
the action of existing causes, without recurring to any change in the rela-

tive level of land and wattir. There are others, equally independent of

any great geological changes, which seem to indicate, however, a higher

tage of the waters along the lakes and rivers at the time of their forma-

tion, or such changes as may be explained by the prolonged action of actual

agencies. A most striking example of this kind occurs at Saut Ste. Marie,

near the outlet of Lake Superior. There is to be seen on the left bank of
the river, an extension terrace, on the margin of which the fort and the village

are built. Its height at the fort is twenty-one feet above the water ; thence,

it stretches for nearly a mile to the foot of the drift terrace, near the Mis-
sion farm ; but in the rear of the village there is an abrupt rise of seven

» feet, especially conspicuous near the Baptist mission. From this point to

the foot of the drift terrace, the ground is covered with an endless variety

of boulders, which are so numerous in places, as to render the soil unfit for

cultivation.

The following section (Fig. 34) will show the relative height and position

of these terraces.

6.

Fig. 84.

4.

Terraces at Said Ste. Marie.

1. Alluvial terriices. 2. Drift terrace.

3. Mission farm. 4. Mission.

5. Fort Brady, below the Kapids.

The materials of the two alluvial terraces (1) are a fine yellow sand,

somewhat loamy, and exhibiting in various places marks of cross-stratifi-

cation. The appearance is so very different flom that of the drift of the

upper terrace (2) that it must be evident, at fii t sight, that they cannot by
any means belong to the same formation. On ne other hand, when we con-

sider the extent of the terrace and the abrupt manner in which it breaks off

at the fort, we feel naturally inclined to ascril o it to a different origin from

that of the ordinary alluvial deposits, and I was at first tempted to regard

it as belonging to the loess, rather than tin; alluvium. This impression,

however, vanished when I came to examine the topographical features of

the locality in detail. The highest terrace at the fort, although twenty

feet above the river, is almost on a level with the beach at the head of the



2(J9

Fig. 85.

[-t]

i
(6'

B

,«

E. W.

Mluvial terrace at Saut Ste. Marie.

1. Diift toi Trace.

-. Alluvial tonaco.

8. RapidH.

The aliove profile tlistinctly sliows that the heigh* of tlu; terrace above

the river, at the fort, is merely thf result of the full of the rapids. If,

instead of tenniiiatino; near Uie upper part of the village lliey extended as

far down as the fort, the small terrace by the Baptist mission would not by
any means exceed the average; height of the ordinary alluvial beaches.

Now there is, as we shall see farther on, some ground for believing that in

former times the rapids extended farther down. At that time the ground

on which the fort now stands must have been a wide flat over which the

bouldenv were carried, probably by ice-rafts, and stranded beyond the tem-

porary shore, which is indicated by the little terrace near the Baptist mission.

There are, besides, noar the head of the rapids, jjatches of alluvial sands

and boulders at a still higher level, belonging to the same deposit ; nor is

it at all improbable tliat some of the terraces mentioned by Mr. Bela Hub-
bard in his report, as occurring along the shore of Lake Superior, may be-*

long to this earliest siage of the alluvial period.*

Boulders of Saut I'tc. Marie.—In a former report, I alluded to those

remark^ible accumulations at this point. My object then was merely to

show tliat they did n(<t belong to the drift but the alluvial epoch. Of this

we need no better proof than the fact that they are found scattered in great

numbeis over the surf.ice of the alluvial terrace just described. The litho-

graphic sketch, Plate XX, represents their accumulation on the right bank
at the J'oot of the rapi is, although very conspicuous in the western portion

of the village and along the road leading to the head of the portage, and
they aie still more ab.indant in the rear of the fort. At the Baptist mis-

sion they are found tventy-eight feet above the foot of the rapids, and it

is plain that no freshe' or gale could have raised the river so as to strand

them there; but, when we take into account the peculiar topography of the

country, and start frcn the level of the river, at the head of the portage

instead of below, it ^^ ill be found that their distribution can be accounted

for by the operation of such causes as are now in action, and without the

necessity of recurring to any c(msiderable change in the level of the coun-

try. 1 1 would appear that a rise of but a few feet would enable the lake

to reach the level of the main tracks of the boulders between the head of

* According to Mr. Ilulibard, "Uicso ridgos witliont doubt oiico constituted tlie shores
of the la!co at ati era wliou its waters win'c, lor a considorablo period, at an elevation of about
twenty-five or thirty feet above the present level. Tlieir greatest distance inland from tho
present coast is two and a naif.miles.''

—

Report on ih« Geology and Topography of Laie Snjte-

riar.—lioeuments accompunying the President's Message for 1849, p. b'J'J.
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the rafids and the village of the Saut. Here, however, a difficulty arises

with rtgard to those which extend beyond the rapids. We can readily

conceive how those near the head became stranded, especially when encased

m ice i nd heaped upon the shore ; but how arc we to account for those

which occur at the same level beyond, notwithstanding the twenty feet

descent in the river ? The only satisfactory explanation is this. If the

rapids, instead of terminating at the entrance to the village, had extended
at one time beyond the fort, there would be no difficulty m accounting for

the pcsition of the boulders. Now, if we consider that the bed ot the

river is excavated in a hssile sandstone, the supposition is by no means un
warrantable that the rapids havfe receded from the fort to their present*

)08"'tion, within the alluvial epoch. So far as I know, the boulders extend
lut a short distance below the rapids, thus shewing that their transporta-

tion, by whatever means it may have been accomplished, was limited to the

immediate neighborhood : consequently, according to this hypothesis, it

would not be necessary to assume a recession beyond the limits of a fair

analogy. But, suppose farther that the head of the rapids were somewhat
higher at that time than now ; we would not only account for the boulders

of the neighborhood, but for the alluvial terraces and ancient beaches along

the shores of Lake Superior. Mr. Whittlesey has applied this hypothesis

to explain the origin of the ancient beaches along the straits of Alackinac.

Assuming that the distribution of the boulders at the Saut resulted from

the retrocession of the rapids, it will be conceded that their transportation

must have taken place gradually and at different periods, since they occur

at all levels from the margin of the lake to the distance of ten and fifteen

feet above its level, forming in many places groups as though they had been

stranded in the same direction. Thus, these boulders, like the dunes and
flats of the upper lakes, are to, be ranked among the most recent monu-
ments of the quaternary period ; and there is but little doubt that many
have been stranded within the memory of man, although I have not been

able to gather any direct information on this point.

As another striking instance of stranded boulders, I would mention those

of Round island, opposite Mackinac. They occur mainly at the water's

edge, on the north-eastern shore ; and, since there is no drift in the neighbor-

hood from which they could have been washed out, there can hardly be a

doubt that they were transported by ice-rafts from distant points,—perhaps

from the northern or north-eastern shore of Lake Huron.

We here append an account of the ancient and present beaches of Lake
Michigan, by Mr. Whittlesey, as illustrating still farther the phenomena of

the superficial deposits of this district.

The ancient and present Beaches of Lake Michigan. {

BY MR. WHITTLESEY.

On the subject of the ancient and present beaches of the upper lakes

it will not be necessary to dwell at length. The profiles and sections which
accompany this chapter will show, at a glance, their uniformity and their

characteristic features. They unquestionably belong to the recent period,

and are due to fluctuations in the surfaces of the lakes, since the era of the

drift. They are the natural modifications of the drift and shingle deposits,
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arising from the action of the waves on the shore. The most elevated and

those intermediate cannot be distinguished in form or composition, from

those now being formed at the water's edge. They are, however, dcserv-

ine the name of "ancient beaches," as compared with those of the histori-

cal period, as is evident from the fact that they are covered with growing

trees, such as elms and csdars of very great antiouity. The height to whicE

the action of the waves reaches, and, conseauently, the height of the present

beaches, depends upon the exposure of tlie snore, and the force and direction

of the prevailing winds.

The following sections (Figs. 36, 37) will serve to illustrate their nature

:

Fig. 86.

6

Beaches at Lime island, St. Mary's river : Distance, ten rods.

A. Niagara limeBtone. B. Water-worn limestone gravol. Nos. 1, 2, 4, 6, and 12, rep*

resent the height in feet.

The following section (Fig. 37) occurs on the north shore of Lake
Michigan, on the south side of point St. Ignace

:

Fig. 87.

18 16 18 11 6

A. 3tr/^^g^

Beaches at St. Ignace.

The distance is fifteen rods, and the height between the water line

and the most ancient of the beaches, is eighteen feet. The underlying rock

A consists of the Niagarc .nestone, covered with water-worn matcriab,

B. There are here no less th n five beaches.

Numerous sections of this character have been observed at different

points, Thus, one mile east of Biddle river, there are four ancient beaches,

within the distance of twenty rods, respectively rising ten and one-half,

thirteen, fifteen and three-quarters, and seventeen and one-half feet above

the water. Two miles east of Point Patterson, there are no less than five,

within the distance of thirty rods, respectively rising three, four, six, fit-

teen, and eighteen feet above the water. One mile west of Seul Choix,

, there are three, rising, respectively, six, twelve, and fifteen feet.

The coast bluffs on the west side of St. Martin's island present a sec-

tion somewhat like the following (Fig. 38)

:

Fig. 88.

A. Niagara Umestcns. B. Coarse, nater-nashed usaestcne gravel, foufvvra feei hdov*um
lake-leyel.
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On the north-east side of Potawatomee island, the cliiTs of limestone rise

to the height of eighty feet ; but, resting on a projection, as in the above

section, is seen the remnant of an ancient beach, eighteen fert above the

)ake-level. It is deemed unnecessary to give further examples.

By referring to the subsequent chapter on the fluctuations of the sur-

faces of the lakes, it will be seen that Lake Michigan and Lake Erie have,

since the beginning of the present century, varied about six feet. In case

that the waters of lakes Michigan and Huron have stood for a considerable

length of time— say one or two years— at an elevation of six feet above
the level of the siunmer of 1850, the ridges within twelve feet ctf the water-

line on the above sections would have been formed.

It will be perceived that a majority of these sections have four ridges, often

less, but in only one instance more. . Four stages of considei-able promi-

nence are thus indicated, and the effects of the lake waters, in no case, are

perceived at a higher elevation than eighteen feet.

The two most interesting cases of water-washed beach gravel, raised to

considerable elevations, are at the cliffs of St. Martin's and the Potawato-

mee islands. These are upon perpendicular or shelving rocks, with no

shingle at their base.

It will be perceived that the fourth and oldest beach is very imiform in

height. In few places it does not fall below sixteen, or rise abpyq.eighteen

feet. On the supposition that a beach of eighteen feet indicates a stage of

water six feet below the crest of the ridge, as it does, generally, at the pre-

sent time, the most elevated stage of the lake must have been twelve feet

above that of 1850. The lakes during that year were low, but not so low
as they have been since the permanent settlement of the country by the

whites.

Allowing six feet as the greatest known and recorded flictuation, it

places the stage of water, which formed the most ancient of the beaches, more
than six feet above the highest known stage. May not this state of things

occur again ? It has not, evidently, taken place within severul cen^ries,

since trees are found flourishing on the third and fourth beache:;. Such an

event would be of no great detriment to wild beasts or savages, but would
prove a great calamity to a civilized people. It is evident, from our own
iobservations on the rise of the lake waters, that the outlets a) e not suffi-

icient to allow a rapidly accumulating surplus to pass off' wi( hiii several

years.

Suppose that there was a long succession of humid seasors over the

%flole area ; there is nothing to prevent a rise beyond what wn have yet

observed. An examination of the statements furnished in the svcceedmg
chapter, as to the amount of falling water in the lake country, thtvloss by
evaporation, and the comparative surface of the reservoirs into which it

must flow, will show that a much greater rise might, in a certain i ombina-

tion of circumstances be reasonably expected.

On the other hand, it is probable that the outlet of Lake Hurcn^ at Fort

Gratiot, has been deepened, if not widened, by the action of a strong and

ceaseless current, operating for many centuries on a sand and gra^ el bottom.

The outlets of lakes Superior and Erie, being over a rocky bed, have not

probably changed as mucn. So far as my observations go, there are not to

_ be found around their borders, ridges and beaches of recent oi igin, as

high as those of Huron and Michigan. The former, if their dt-bt'uchures

have remained entire, have been exposed to the same meteorological causes,
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and should therefore show evidences of eauall^ high water. I infer, there-

fore, that the beaches of lakes Huron and Michigan afford probable eviaence

of a change in their outlet, by widening and deepening the channel. I do
not allude, in this connection, to those terraces and ridges which border all

the lakes at an elevation ranging from thirty to two hundred and fifty feet.

These are due to a much more ancient and permanent elevation of the

waters,—phenomena which have been discussed in a previous portion of

the report.
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CHAPTER XVII.

ON THE ELEVATION OP MOUNTAIN CHAINS.

Importance of the Study ofthe Structure ofMountain Chains.— Object of

this Chapter,— Structure ofMountains.— Contraction of the Earth the

fundamental Cause of the Elevation of Mountains.— Parallelism of

Systems of Elevation of the same geological jige.— Investigations of

Elie de Beaumont.— Systems of Elevation in J^orth America.— Sys-

tems of Elevation in Europe.— Comparison of the Directions of Euro-

pean Systems with those of America.

Among the many interesting subjects of investigation to the geological

observer, there are few which can so justly claim a large share of his atten-

tion as that of the structure and relations of mountain chains. Next to the

division of the surface of the earth into land and water, the dirytion, height,

and form of the elevated ridges, which traverse the land, play the most im-

portant part in its physical history. While the student of philology, ethnog-

raphy, and physical geography alike see the immense influence which
the position and direction of mountain chains have exercised in the distribu-

tion of languages, in the migration of races of men, in giving form and out-

line to continents, and in the modification of climate ; the geologist acknow-
ledges in them the grandest and most imperishable record of the great cycle

of events, the study of which is his peculiar province.

Hence those inquiries, which have for ^heir object the determination of

the nature of the dynamical forces which have given origin to the great

features of the earth's surface, the laws which have regulated their direc-

tion and their chronological succession, will be readily acknowledged to

be of the highest importance.

To these investigations the attention of geologists has been especially

directed by the comprehensive labors of Elie de Beaumont, who for the

last twenty years has made this the particular subject of study, and whose
researches have been distinguished by the most admirable ingenuity and

perseverance.

The object of this chapter is to call attention, we will not say to the theory,

but to the great facts which have been developed by De Beaumont, in the

course of his investigations, and then attempt to compare some of these re-

sults with corresponding ones on Jhis side of the Atlantic ; and especially

such as have been obtained by us in the region of Lake Superior.

In order to a clear understanding of this subject, it will be necessary to

consider the internal structure of mountain chains ; and also some of the

principal theories which have been proposed to account for their formation,

or elevation. Here, however, it is important to bear in mind that the ob-

servations of De Beaumont are entirely independent of any theory with re-

gard to the peculiar mode of upheaval of mountains, or the causes by which

the ridging and folding of the earth's crust have been produced. His ^reat

object has been; simply to trace out, on the surface ot the globe, the direu-
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doo of the great lineR of fracture and uplift, and to ascertain their relatire

orders of succession. The result ol' his investigations has been to accumulate
a great mass of facts which seem to show a very near approach to parallelism

in the mountain chains, or lines of fracture of the same geological epoch
throughout the continent of Europe, which has been the principal field of his

researches. He has, however, not confined his investigations to that conti-

nent only, but has traced out, in other countries, several of the systems of

elevation which he has recognized in Europe, antl shown a marked coinci-

dence in their direction,—indicatinj^ that certain movements of the earth's

crust had taken place simultaneously, and in parallel lines over a large por-

tion of its surface.

The whole subject of the paralh.'lism of mountain chains, and the determi-

nation of their relative ages, depends on the arrangement and position of the

different stratified groups which have been disturbed and elevated at the

epoch of their formation ; or which, since that period, have been deposited

in a nearly horizontal position upon the previously disturbed strata.

If the stratified beds on the flanks of a mountain dip away from it at

a considerable angle, it is evident, that, having been originally deposited in

a nearly horizontal position, the elevation nf the mountain, which was the

cause of their disturbance, must have taken place after their deposition ; or,

in other words, that it was a more recent geological event. If a group of

strata dip at a high angle from the central elevated mass, and is again

covered by another group inclined at a less angle than the former, but

still having a considerable dip, it would be equally evident that there had
been two successive epochs of disturbance; one after the deposition of

the first group, and a second after another set of str?\ta had been deposited

horizontally upon the first. If, on the other hand, the elevated strata, dip-

ping at a considerable angle from the mountain, are covered by others rest-

ing horizontally on them, it is plain that the elevation of the central mass

took place at a penoil between the deposition of the first and second series.

Thus the relation of mountain xhains is fixed, by reference to the age of the

strata which had been deposited at the epoch when the disturbance or

uplift took place.

On examining the structure of mountain chains, however, it is not unfre-

quently found that the phenomena which they present are of a more compli-

cated character, since the action of the elevatory forces was not exerted }n

such a manner as to produce a single ridge, from which, on either side, the

strata dip at an equal angle. There may be a succession of parallel ridges

or flexures, in which the strata assume a great variety of positions, accord-

ing to their relative distance from the line from which the disturbing force

is supposed to have acted.

Thus in the admirable sections of the Professors Rogers across the great

Appalachian chain, we have a series of plications or flexures more abrupt

near the line of disturbing action, and gradually opening out as we recede

from it. In the Alps of Switzerland, we have abundant examples of the

folding of a whole series of sedimentary beds in numerous and abrupt plica-

tions. Here, indeed, large masses of strata are sometimes bent back upon

themselves, so that the lower members appear to overlie the upper ; and

instances occur, in which beds of an older geological epoch are inverted,

and appear for a great distance, superimposed on those of a much newer

epoch.

Besides this, there are many instances where the elevation of the strata
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has not been attended by any actual protrusion of igneous matter, forming
a ridge or crest, but in which the direction of the elevating forces must be
inferred from the prevailing strike of the strata. Thus the direction of
actual mountain ridges is not only to be taken into consideration, but the

general direction ot the stratified masses becomes an essential element o^
such investigations.

Almost all geologists are agreed in opinion as to the great fundamental
cause of the wrinkhng or ridging of the earth's crust ; or, in other words,
the formation of mountain chams. The theory now almost universally

adopted is founded on the combined results of the most careful observa-

tions of distinguished physicists and geologists, and the profoundest calcu-

lations of astronomical and mathematical science. According to this theory,

it is inferred that the earth was once at a much higher temperatme than at

present ; indeed, that, in all probability, it has been in a state of liquid

fusion ; that, among the first results of the cooling process, was the forma-
tion of a solid crust, thin at first, but gradually increasing in thickness over

the still liquid interior ; and that, as the secular refrigeration continued, the

interior gradually contracted, while the exterior shell or portion was rup-

tured, or bent and folded, in endeavoring to accommodate itself to the

shrunken nucleus on which it rested.

General as is the adherence among geologists to the idea of the wrinkling

of the earth's crust having been the result of the cooling of the exterior,

they are much divided in opinion with regard to the laws which nave gov-

erned the action of this great cause, and the precise nature of the cham of

events by which the present state of the surface has been brought about.

Every year, however, seems to indicate a nearer approach to uniformity

of opinion among those engage<l in • these investigations ; in fact, the two
great leader:^ in theoretical geology, in the Geological Society of France,

ave admitted that their differences of opinion related in reality to the use

of words, rather than the facts themselves. The principal question whi^h
still remains in discussion between them is, whether the word elevation can

be properly applied to the designation of a phenomenon dependent on the

sinking of the earth's crust ; M. de Beaumont maintaining that, inasmuch

as the chief visible elFect is to produce a comparative elevation of a

certain portion of the surface, therefore, the word elevation may with pro-

priety be retained in use to designate the formation of mountain chains.

. It is to the Danish philosopher, Steensen, that we are indebted for the

first recognition of the fact that strata of diff'erent ages may be distin-

guished from each other by their discoidance of stratification, while to

Humboldt is due the credit of having first called attention to the constancy

of direction in the so-called primary schistose strata. To Elie de Beau-

mont must be ascribed the first distinct attempt to investigate systematically

the laws which have governed the upheaval of mountain masses, and the

recognition of the parallelism of elevation of the same geological age over

different portions of the earth's surface ; these researches, which have been

carried on for many years with untiring patience, have been communicated

to the world, principally through the medium of the publications of the

Academy of Sciences and the Geological Society of France.

In his most recent publications on this subject, De Beaumont has coordi-

nated his observations and placed them upon a mathematical basis, by con-

necting all his great circles of comparison into one vast n8t->vork, the

position of which upon the surface of the globe is determined by the geo-
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graphical position of a single point, and the direction of a^ great circle

starting from that point. This net-work has for its base fifteen ereat circles

cutting each other, so as to divide the surface of the spheres mto re^ar
pentagons ; while from these pentagonal areas, other supplementary curcles

are developed according to certain simple mathematical laws. The great

result of these investigations is, that the wrinkling of the earth's crust has

been effected in a series of arcs, the directions of which c5incide with the

lines of most easy crushing of a sphere, gradually contracting in its dimen-

sions.

Our object in this chapter is to call attention to the investigations of

geologists in this department of dynamics; and, so far as is in our power,

to furnish the materials for a comparison of the systems of elevation observ-

ed in this country, and especially those which we have recognized in our

own district, with those which have been determined by De Beaumont.
For this purpose, we shall first describe some of the principal systems of

elevation which have given configuration to the continent of North America,

and particularly those which form the rim of the Lake Superior basin ; we
shall then proceed to enumerate some of the more important of De Beau-
mont's systems, and particularly such as from their age and direction appear

to be ^f more importance in this country. The number of these systems

has gone on increasing as the researches of geologists have gradually

extended, and new facts have been accumulated ; and it is to be expected

that every year will add to this list, and accumulate new data of compari-

son for such as have already been adopted.

SYSTEMS OF ELEVATION IN NORTH AMERICA.

There are three grand systems of elevation which appear mainly to have
determined the outlines of North America.

1. The first we denominate the Lake Superior system, since it is de-

veloped on both shores of the lake, forming the divortia aquarum between
Hudson's bay on the one hand, ^d between the river systems of Lake Su-

perior and Lake Michigan on the other. The rocks comprising it consist ot

granite, gneiss, hornblende, talcose and chlorite slates, and belong to the

azoic series. The lowest member of the Silurian series, wherever observed

in the basin of Lake Superior, is found to rest undisturbed upon the up-

turned edges of these slates, or to occupy preexisting depressions in the

igneous rocks, leaving no doubt that these schists were elevated and folded

before the dawn of the Silurian epoch. The direction of the lines of bear-

ing is about N. 80° E., S. 80° W.
This system, as developed on Lake Superior, is but a portion of a con-

tinuous belt which stretches from Labrador to the sources of the Mississippi

—

forming the northern brim of the St. Lawrence valley—and probably beyond,
even to the flanks of the Rocky mountains. Northwardly, according to

Sir John Richardson, it extends to Coronation gulf in the Arctic sea. Upon
the northern flanks of this belt, as upon the southern, the Silurian groups

rest unconformably.*

If we examine a good map of North America, Ave find that this belt of

country, lying between Hudson's bay and the Rocky mountains and em-
bracing nearly 30° of latitude, is furrowed with ridges, the prevailing direc-

London Quarterly Journal, Geological Society, v. viii., p. 212.
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tion of which is a little north of east and south of west ; among thciSi t

be mentioned the Arctic hills, the High hills, and the Caribou mountf^/ i

The trend of the principal lakes conforms to this direction. This is the case

with the Great Bear lake, near the borders of the Arctic sea, Slave lake,

Athabasca lake, and Lake Superior. The trend, however, of Great and

Little Winnepeg is at nearly right angles to this direction, and it may have

resulted from a transverse fissure. The trend of lakes Michigan and Huron,

also, may be said to be a deviation from this east and west system, but we
have shown that this has resulted from denudation rather than from subsi-

dence.

The Great-fish, the Unjiguh, or Peace river, the Assiniboin, and Saskat-

chewin rivers appear to flow along longitudinal valleys ; while the Macken-
zie, Slave, and Athabasca rivers apparently flow through a transverse fissure

of the age, it may be, of the Rocky mountain system.

The granite and schists composing this system formed the ancient conti-

nent of Jforth America, whose culminating points, in the Lake Superior dis-

trict, rose not more than a thousand feet above the waters of the Silurian

sea. It stretched out in a long and narrow belt, east and west, from La-

brador to the sources of the Mississippi ; and north and south, from the

borders of Michigan to the Arctic sea. At that time, the Appalachian and

Rocky mountain chains had not been elevated, and, with the exception of

a few isolated patches in the form of islands, the whole area of the United

States constituted a portion of the bed of the primeval sea.

2. The second may be designated as the Appalachian system, which

has given configuration to the eastern slope of North America ; and the

period of its elevation may be referred to the close of the carboniferous

epoch. It commences near the outlet of the St. Lawrence, and terminates

in northern Alabama
;
pursuing a course nearly north-east and south-west.

The series of rocks composing it, according to the Messieurs Rogers, present

an almost unbroken succession of conforming strata from the lowest mem-
bers v/hich repose immediately on the primary, or metamorphic rocks, to the

highest carboniferous strata. The New fed sandstone, which extends con-

tinuously in a narrow belt from the valley of the Connecticut to beyond Vir-

ginia, reposes immediately on the folded strata of this chain, and furnishes

not the slightest indication of having been disturbed by the movements
which produced the numerous axes beneath.*

3. The third may be denominated thk Rocky Mountain system, which,

according to Sir John Richardson, " has a general course for two thousand

five hundred miles,—or, from the thirtieth parallel of latitude to the

Arcticsea,—of N. 26° W., S.26° E., or N.W. by N."t It spreads out into

a belt nearly one thousand five hundred miles i: diameter, between the

Mississippi valley and the Pacific ocean, consisting of numerous gentle corru-

gations, as shown by Fremont, but occasionally swelling into lofty ridges.

There is little doubt, from the concurrent testimony of all the explorers,

that its age is as recent as the cretaceous period, and therefore among the

most recent of those geological events which ha^ e modified the outlines of

continents. On both sides of the equator it is, in places, flanked by calca-

reous strata containing, according to Von Buch, fossils characteristic of

the chalk. These were also observed by Humboldt between Guambos and

•Transactions of the Amcricin Geologists, (1840-'42) p. 622.

t Quarterly Journal, before cited.
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Montan, nearly one thousand three hundred feet above the sea ; and Neoco-
min fossils were obtained by Tschudi in the cordilleras of Peru.
The explorations of Fremont and others, in the Rocky mountains, con-

firm these views as to the recent age of this system.

These are the three great systems which appear mainly to have deter-
mined the outlines of North America ; but there are, in the Lake Superior
district, subordinate systems which we will proceed to describe.

4. The system of Kaministiquia.—This is developed on the north-west
coast of Lake Superior, between Pigeon river and Thunder bay. Its direc-

tion is nearly north-east and south-west, and traces of it are to be observed
in the parallel course of the principal rivers which enter Hudson's bay
from the south-west, among which may be enumerated Moose, Albany, Sev-
ern, Nelson and Churchill rivers, extending through at least fifteen degrees
of longitude.

This is the most ancient, so far as we yet know, of all the systems of
North America ; and the age of its elevation was prior to the close of the
azoic period, since the upper portions of the azoic slates rest undisturbed
upon the granite axis.

5. The system of Lsle Royale and Keweenaw Point.—This embraces
the crystalline greenstone of the Copper region, which lifted up the bedded
trap, sandstone and conglomerate at angles varying from 40° to 70°. The
precise period of its elevation cannot be determined, but it probably took place

near the close of the lower Silurian epoch, since we find that the Trenton
limestone of the Sturgeon river valley has been disturbed by it. The di-

rection of these axes is somewhat variable. On Isle Rpyale, they are

N. 65° E.; but, on the southern shore they bear N. 52° E.,* though subject

to minor deviations,—the trap ranges in many places assuming crescent-

shaped forms. Although the great mass of rock has been subject to no
intense disturbance since the close of the Silurian epoch, yet it has expe-

rienced a succession of widely-extended oscillations, which have been dis-

cussed under another head (Chapter IX).

Thus, it would appear that, in North America, the oldest lines of frac-

ture pursue an easterly and westerly direction, while the more recent ones

pursue a northerly and southerly direction.

Having thus given an outline of the great systems of elevation which
have, as we conceive, during different epochs, gradually brought about the

present form of this continent, we proceed to consider the European systems.

i.
M

' '

il i K\

'^^

SYSTEMS OF ELEVATION IN EUROPE.
m

In his first publication,! in 1829, De Beaumont recognized only four sys-

tems of mountain chains, but the year following he augmented the number
to nine,J to wit

:

1. System of the main chain of the Alps ; direction E. and W., which

raised the older diluvial deposits.

2. System of the western Alps (from Marseilles to Zurich) ; direction

N. 26° E., which raised the upper tertiary.

• This is the direction of a line drawn from the southiern limits of the trap, on the Montreal

river, to the southern limits on Keweenaw Point.

f Recherches sur quclques unes des revolutions de la surface du globe. Comptei R«Qdaf
d9 1'Acadamie des Sciences.

I Anaales dea Sciences, £ec. : Tomes. 18, 19.
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"I Z. System of Corsica and Sardinia; direction N.and S., xrhich raised

the lower tertiary.
jr

4. System of the Pyrenees and Appenines ; direction N.W. and S.E.,

which raised the chalk and green-sand.

6. System of the Cote d Or (Burgundy), the Erzgebirge (Germany)

;

direction S.W. and N.E., which raised the Jura limestone.

6. System of the Vendee, Thuringia, and Bohemia ; direction N.W. and
S.E. which raised the Trias.

7. System of the Rhine ; direction N. and S., or N.N.E. and S.S.W.,
which raised the sandstone of the Vosges (which he considers distinct from

the variegated), and zeichstein.

8. System of the Netherlands and South Wales ; direction N.E. and S.

W., which raised the coal measures.

9. System of the Ballons (Vosges) and Bocage, Western France ; di-

rection N. 74° W., S. 74° E., which raised the carboniferous limestone.

In his last principal communication,* De Beaumont has shown that there

are at least three different systems of elevation included in the above-

named direction ; and since M. Rivifere had previously noticed another an-

cient system on the south-western coast of the Vendee, the direction of

which was nearly N.W. and S.E., this system was added to the other three,

making four, all of which are older than the oldest in the above list.

To these four ancient systems, still another must be added, which was
also observed by Riviere, in the Vendee, and supposed by him to be the

oldest known system of Europe. These five systems are as follows,

—

beginning with the oldest and proceeding in the order of their relative age,

as determine^i by De Beaumont

:

1. System of the Vendee ; direction at Vannes,—latitude 47° 39' 26" N.,

longitude 2° 46' W.— N. 22° 30' W. Age, anterior to the system of

Fimsterre.

2. System of Finisterre ; direction at Brest—latitude 48° 23' N., longitude
4° 29' W.— N. 68° W E. Age, posterior to the oldest schists of

Britanny.

3. System of Longmynd ; direction at the Binger-loch,—latitude 49° 55'

"N.; longitude T 50' E.— N. 31° 15' E. Age, after the deposition

of the green slates of Wales and lh«; I'eldstones.

4. System of Morhihan ; direction at Vannes, N. 51° 45' W. Age,

posterior to the Bala limestone of Wales.

6, System of Westmoreland and the Hundsruck ; direction at the Binger-

loch, N. 58° 30' E. Age, posterior to the Silurian and a part of the

Devonian, but anterior to the Old red sandstone.

In a still later comraunication,"r De Beaumont recognizes twenty-one sys-

tems as having been determined with more or less pi-ecision, but none of

the new ones which he has adopted are as old as those given above

;

Durocher, however, has recently announced the existence of six new sys-

tems of upheaval, in Scandinavia, older than the lower Silurian, or belonging

to the azoic period. Besides these, he recognizes the existence there of

the four oldest systems of De Beaumont, enumerated above. The data of

direction and relative age of the new systems proposed by Durocher are so

• <^ Notes sur les systemes ile montagues ies plus anciens de 1' Europe:" Bulletin de la

Societe geologique de France : Ser. II. T. 4, p. 864.

t Comptes Rendus, Vol. 81, p. 825.
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indeterminate, only an abstract of his observations having as yet appeared,

that we have not attempted to trace their analogy with any of the lines of

direction of the strata in our own district.

For the purpose of making a comparison between our own systems of

upheaval and those of Europe, it will be especially necessary to fix, as near-

ly as possible, on the equivalency of the older systems of rocks in the two
countries, since the age of the oldest systems of upheaval are determined

by De Beaumont, principally by reference to certain groups as develope'd in

England, Wales, and Britanny.

The following scheme is as accurate as could be expected, in the present

state of geological knowledge. For a critical examination of the data on
which this parallelism is founded, the reader is referred to the succeeding

chapter by Mr. Hall.

America. Europe.

Azoic System.

Crystaline schists, limestones, and quaitz-

oso rocks, witb intercalated traps, of Lake
Superior, &c.

Sandstones of Barmouth and Harlech; in

Wales ; island of Anglesea, England ; gneis-

sold rocks of Scandinavia and Britanny.

Lotoer Silurian,

\ o.ddam sandstone; Galciferous sandstone.

Ghazy,'Birds-eye, Black-river, and Trenton
limestones.

Utica slate, and Hudson-river group.

The green slates and fuldstones of Wales

;

tlie slates nnd porphyries of Bohemia; the
lower sandstones of Scandinavia ; the Obolus
sandstone of Russia.

Bitumious slates, and Orthocerate lime-

stone of Russia.

Bala limestone of Wales ; Llandielo
and Garadoc sandstone of Great Britain^

The above comparison of the lower Silurian groups of the two continents

seems to accord with the results of the geological survey of Wales. There,

according to a communication of Barrande to the Geological Society of

France,* in which he gives the result of his own examination of the mate-

rials collected by the survey, the Caradoc sandstone- is distinctly recognized

as being between the upper and lower Silurian divisions, while the Bala
limestone and the Llandeilo flags form the upper portion of the lower
Silurian, corresponding with the Hudson-river group in this country.

We now propose to inquire how far the ancient systems of upheaval, re-

cognized by De Beaumont as existing in Europe, agree with those previously

enumerated as occurring in North America. Four of the European systems

are shown by De Beaumont to be prior in age to the deposition of the Ca-
radoc sandstone, and we have enumerated three which are of at least

as high antiquity in the region of Lake Superior. While, however, two of

our systems are shown conclusively to be older than the palaeozoic epoch,

the age of the oldest European systems, with regard to the oldest strata

containing organic life, is by no means so clearly settled.

In ordfer, however, to institute a comparison between these oldest

'Bulletin, Ser. 11. T: 8, p. 207. (January, 1861.)
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systems of Europe and those recognized by us, we have calculated the direc-

tion which they would assume if transferred to the region of Lake Superior.*

1. The system of the Vendee ; the direction of which, at Vannes, is N.
22' 30' W., becomes—in longitude 87° 30' W., and latitude 47° 30'N.,—
N. 79° 53' E.

2. The system of Finisterre ; the direction of which, at Brest, is N. 68*

15' E., becomes—in latitude 42° 22' N. and longitude 72° 32' W—N.
38° SO' W.

3. The system of Longmynd ; the direction of which, at Binger-loch, is

N. 31° 15' E., becomes N. 53° 40' W.
4. The system of Morbihan ; of which the direction, at Vannes, is N.

51° 45' W., becomes N. 60° 30' E.

On comparing these results with the directions of the systems of upheaval,

before indicated as occurring in the Lake Superior region, we find that

the direction of two of these systems coincides very nearly with that oftwo
of those which have been calculated above.

The Lake Superior system agrees with the system of the Vendee ; the for-

mer being about N. 80° E., S. 80° W., and the latter, transferred as above,

N. 79° 53' E., S. 79° 53' W.
With regard to the age of the system of the Vendee we quote the follow-

ing from the last publication of Riviere on this subject :
" I have united all

the normal directions of the gneissoul rocks of the Vendee into one system
of dislocations, to which I have given the name of the system of the Vendee.
* * * * This is probably the most ancient normal system; at

all events, it is the oldest system known ; if it was preceded by other sys-

tems, these must be sought for in the north of Russia or in America, where
the transition strata appear to be nearly horizontal. * * * The
gneissoid formation is completely distinct from, and anterior to, the transi-

tion (Silurian or Cambrian) strata."

We may, therefore, presume that there is no doubt that both these sys-

tems, the European and American, are anterior to the deposition of the old-

est fossiliferous strata, and thus far the agreement of the two in age and
direction is sufficiently satisfactory.

The system of Kaministiquia, which seems to be the oldest which we
have been able to recognize in America, appears to be older than any sys-

tem of upheavals thus far admitted by De Beaumont. A coincidence will,

perhaps, be found, after farther observations shall have been made as to its

precise direction in this country, and after the numerous systems of the

azoic period in other regions shall have been worked out with clearness and
precision. As the region to whicli this system is confined in this country lies

without the limits of our district, we have not been able to fix its direction

with the precision requisite for a comparison with those of other countries.

The system of Keweenaw Point agrees very nearly in its mean direction

with that of Morbihan, of which the direction, when transferred to the

region of Lake Superior, becomes N. 60° 30' E. The coincidence of this

direction with that of Isle Royale had already been noticed by De Beau-
mont, who drew the inference that the sandstone and conglomerate of

that island could not belong to the New red sandstone, as maintained by
Dr. C. T. Jackson.

•The substance of this chapter was communicated to the American Association for tboAd-
vancement of Science, at a meeting held at Cincinnati in May, 1851.
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If, however, we proceed to inquire as to the coincidence in age of

the systems of Keweenaw Point and Morbihan, we find that there is good
reason to suppose that they may belong to the same geological epoch. The
elevation of (he sandstones, conglomerates and bedded traps of the Lake
Superior region appears to have taken place at a period not far removed from
that of the deposition of the Hudson-river group. This is inferred from the

position of the deposit of lower Silurian limestone near L'Anse, which
appears to have been disturbed by the same causes which produced the ele-

. vation of the trap and conglomerate of Keweenaw Point. As was shown
in Part I. of this report, the age of the highest beds of this deposit is not

more recent than that, of the Hudson-river group, so that as far as can be

known, this elevation must have taken place during the lower Silurian epoch.

According to De Beaumont, the age of the system of Morbihan is ante-

rior to the deposition of the Caradoc sandstone and posterior to that, of the

Bala limestone. If it were admitted that the Caradoc sandstone is the

equivalent of the Potsdam, we should be unable to recognize any agree-

ment in the ages of the two systems in question. The age of the Caradoc
sandstone, as well as that of the Bala limestone, seems at the present time

to be better understood than when De Beaumont published the article

before referred to, in which the ages of the older systems of elevation are

so ably discussed.

If we consider, as we are authorized to do by the most recent authori-

ties,* the Caradoc sandstone as forming the upper portion of the lower
Silurian, and overlying unconformably the Bala limestone, the next inferior

member of the same group, we shall have a perfect correspondence in the

age of the system of Morbihan, in Wales, with that of Keweenaw Point,

in the Lake Superior region. This parallelism of the groups in the two
countries is conformable to he results of Mr. Hall's investigations, as

given in the succeeding chapter.

As to the Appalachian system, De Beaumont was at first inclined to refer

it to that of the Pyrenees, but now considers it as belonging, partly at least,

to the system of the Ballons, the direction of which is N. 74° W.; but which,

when transferred to the meridian of Washington, becomes N. 46" 42' E.,

a direction which almost exactly agrees v^ith the outcrop of the principal

ridges. There is also another direction to be noticed in the Alleghanies,

which is nearly parallel with the meridian, although at many localities it

becomes merged with the former. This is known as the oldest meridional

system of Hitchcock, and is supposed by him to embrace the White moun-
tains of New Hampshire ;

" and it would appear," he remarks, " as if the

strata had been deranged by the N.E. and S.W. system, which would go to

show that the latter was more recent."!

The Messieurs Rogers maintain that these two directions hav3 originated

simultaneously, and are intimately connected in their whole composition

;

but, admitting that they are distinct in age, and discarding the existence of

the so-called Taconic system, the meridional system remains an anomaly,

not only as to its age, but in its parallelism with any of the older systems

of Europe.

As to the Rocky mountain system, its parallel is to be sought in Asia

rather than in Europe. Erman states that the great chain of Alden in east-

em Asia, which lOrmc the water-shed between the river systems of the Arctic

• Bulletin of the Geological Society of France ; 3erie8 II. Vol. 8, p. 207.

t Q«olog7 of Massachusetts, p. 710. «
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and Pacific oceans, I'f protracted in the direction of a great circle, or follow-

ing; the shortest course from point to point, would intersect several of the

principal sununits of the Rocky mountains between 40° and 45°, thus indi-

cating that, though widely asunder, thev belong to one ereat fissure.*

It IS worthy of remark that this chain, like the Rocky mountains, is in

tnhny places covered with volcanic materials, and several of the highest

summits consist of active volcanoes. We have no information as to the

character and age of the sedimentary rocks which repose on its flanks.

We have thus attempted to trace a parallelism between the mountain
systems of the two hemispheres. We are disposed to regard these axes of

elevation, not simply as irregular lines of limited extent, but as possessbg

much uniformity in direction and traversing entire continents ; but we admit

that, in the present state of geographical and geological knowledge, abso-

lutely certain conclusions cannot be attained. Our object has been to call

the attention of American geologists to one of the most interesting problems

in this science—one which, thus far, has not received the attention which it

deserves. We have had another object in view. Many European physi-

cists have represented this continent as beine emphatically new—not

simply in reference to its settlement and civilization, but to the period when
it first emerged above the ocean. Wc have shown conclusively, we think,

that the period of its emergence was at least contemporary with, if not

prior to, that of the eastern continent, although its outlines were very dif-

ferent from what we now behold.

In the succeeding epochs we witness the operation of the same great

forces, though not perhaps in all instances simultaneously exerted in the two
hemispherr.si. The seas swarmed with the same types of animal life, and

the same forms of vegetable life clothed the land.

* Reise urn die Erde.
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CHAPTER XVra.

PARALLELISM OF THE PALEOZOIC DEPOSITS OF THB UNITED STATES
AND EUROPE.

BTJAHMBAU.

Fidd of- Investigation in this Country a very extended one.— Circum'

stances affecting the J^Tature of the Fauna of the same Deposits at various

Points.— Parallelism of the PtUaozoic Groups in England and the United

States,— Lower Silurian System.—Potsdam Sandstone.— Calciferous

Sandstone.— Chazy, Birds-eye, and Black-river Limestones.— Trenton

Limestone.— Utica Slate and Hudson-river Group.— Upper Silurian

System.— Clinton and JSTiagara Groups.—Lower Helderberg Series,—
Upper Helderbe'g.— Devonian System,.—Species common to the Devo-

nian and Carboniferous,— Tabular Comparisons.

So much has already been said upon this question, that it might appear

superfluous to add anything more at the present time. We are, however,
constantly learning more of our own systems of stratified deposits, and, of

course, gradually becoming better able to compare them with what we
regard as the equivalent systems in Europe. It was natural and agreeable

to us, when we began our serious investigations into the condition and age
of our palaeozoic strata, to desire to identify what we found in this country

with that which had been previously described on the other side of the

Atlantic. In our too ready willingness to believe that nothing would be

found here, except what had an equivalent abroad, we seized upon evidence

and formed conclusions which farther investigations have proved to be erro-

neous.

The publication of Murchison's "Silurian System" gave the first clue

to anythbg like a satisfactory recognition of our strata, and their identifi-

cation with their European equivalents. The subsequent publication of

the "Palaeozoic Fossils of Devon," &c., and the establisnment of a Devonian
system in England, left us in no doubt as to the exact equivalency of some
of our groups. The facts, if facts they shall prove, that many Silurian

fossils exist also in Devonian rocks, seemed to us, however, strangely at

'^variance with those in our own country, where we certainly have had
opportimities of examining as wide an area, and of deriving our informa-

tion from beds as well marked in character, and far less distant m
position. Our data, collected over fields of wide extent and admirably

adapted for such examinations, had shown us that the fossils were far more
restricted in their geological range than had hitherto been supposed. We
were able to subdivide what appeared to' be the equivalent of the systems

and groups recognized in England ; and, in some instances, that which had
prevTously been regarded as one group, has been found to be made
up, in this country, of two or more distinct and widely separated members.

Even after this subdivision, we were still able to recognize and trace other

and minute divisions over a large section of country. Although we
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have been charged with impeding the progress of geolopjy by these minute

subdivisions, introduced in tiie geological survey of thf State of New York,

we have adhered to a system based on researches made over an extent of

many thousand square miles, and by so doing we believe that an irnpUlse

has been given to the study of geological science and to the collection of

fossils ; and the more careful and minute the subdivisions, the more fully and

completely have the observers been able to work out the details. By this

system we have a better knowledge of the changes which took place m the

bed of the palaeozoic ocean, and the consequent variations in the character

of its fauna, than has yet been obtained in many other parts of the world,

where the series of strata has been studied for a much longer period.*

The thiiming out and disappearance of a single member of even a sub-

ordinate group, and the consequent disappearance, in part or entirely, of its

fauna, ia a pomt of great interest in our geological investigations, and it is

by this kina of study that we have found a clue to the character of our

palaeozoic fauna, which has not yet been reached in the exploration of the

deposits of more modern geological epochs.

Although many of these minor subdivisions cannot be recognized in

remote parts of the United States, yet the knowledge of their existence at

another point enables the observer to detect their absence and to direct his

attention to certain horizons, in order that he may ascertain whether the

fauna of the absent member of the series has ever existed at all at that

remote point, or whether it may have been mingled with that of a higher

member of the same group with which it was contemporary. It is true

that the greater subdivisions are more readily recognized, because they

require less scrutiny to detect them than the more subordinate members. I

may farther add that, until we are willing to study our formations with this

degree of minuteness, we can have no positive knowledge of the duration

of species, nor of the value of groups of species in the identification of

strata. If we would determine whether species have ceased to exist in one

part of the ocean, while they have flourished long afterwards in a distant

region, it can only be done by a critical study of the subordinate groups,

and the individual members of every group in the series.

The simplest principles of elementary geology teach us that sedimentary

beds, having the same thickness and the same lithological characters, cannot

have spread over an area so wide as that now included between the Euro-
pean and American continents. All sedimentary deposits must vary in

character at remote points, as the physical conditions of the ocean cannot

be presumed to have remained the same over a wide extent of surface.

Under such circumstances, absolute parallelism is not to be sought for or

expected. Calcareous deposits, as would naturally be supposed, have been

found to be more persistent and more uniform in the character of their fossil

contents ; but these, over some portion of their extent, have often been in-

vaded by argillaceous and arenaceous sediments, and the fauna is found

to be in a greater or less degree influenced by such circumstances. In dis-

tant and disconnected localities, we are compelled to base our opinions of

the equivalency of beds, upon the organic remains which they contain

;

and when we reflect that the nature of the sediment may in a great degree

influence the character of the fossils, we shall not fail to recognize the

necessity of keeping the character of these lithological changes in view.

* I might instance here as an example the carboniferous system of England, of whicfa tlM

detiuli are, as yet, but little known.
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' The coarse conglomerates and grits, which arc so frequently foun(J inter-

calated in the series, indicate not only disturbance in the waters of the

ocean, but also the proximity of the land ; since we know that the effects

of the waves, as manifested at this day, is to confine these materials to the

shore, or if they are transported by currents, the velocity soon becomes so

far diminished, as to allow of their deposition in comparatively shoal water.

As a general rule, therefore, the former class may be regarded as deep-sea

deposits, while the latter may be regarded as littoral. When, too, we con-

sider that marine life is greatly modified by the character of the sea-bottom,

we ought not to look for a fauna specifically identical in the different classes

of deposits. The conglomerates and grits, for the most part, are barren

of organic life, while the limestones are richly stored with it. We have
shown that the coarse grits in the New York series, are restricted in their

range, while certain limestone groups spread out over an immense area.

Besides the changes which talce place in the nature of the sediment depo-
sited upon the bed of the ocean, we are to look to other important condi-

tions which may affect the fauna, and, consequently, our conclusions regard-

ing the equivalency of formations. Among the most important of these is

the depth of the ocean in which the animals lived, since we know that

certain species are confined within certain zones, depending on the depth of

the water.

There are other conditions which sensibly affect the distribution of or-

ganic life, such as temperature, pressure and light ; but as these have been
fully discussed by Messrs. Foster and Whitney, in a previous part of this

report (p. 183), I need nfet here pause to inquire as to the extent to which
these conditions operate. In investigating the fauna of past ages, we see

nothing to lead us to believe that the same great laws which regulate the

distribution of species, did not then operate with as great effect as at the

present time.

COMPARISON OF THE PALEOZOIC GROUPS IN DIFFERENT PARTS OF THE UNITED
STATES.

Before proceeding to compare the palaeozoic series of the United States

with those of the same age in Europe, it will be necessary to institute some
comparison between the successive groups as they occur in different parts

of our own country. The succession, which has been clearly made out in

the eastern extension of these deposits, has not been determined on with the

same degree of precision at the West, and this for want of that knowledge
which can only be obtaineil hy <i minute examination of all the interme-

diate points. We have already, in the preceding pa;

changes which have been recognized in tracing the i

palaeozoic series from the east towards the west.

In order to facilitate the comparison we are about to make, we give

below a table of the successive groups which have been determined in the

State of New York. It is here that the series is more complete than in any
other portion of the globe, and to this standard it is most convenient and
satisfactory for us to make reference in our critical discussion.
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t(Aip of the palaozoic Series in J\rew York : from the Base to the highest
Group recognized,

"

)i L.

1. Potsdam Sandstone.
2. Calcifkhous sandstone.

Upper sandstone of Wisconsin and Minnesota, similar
' to the Potsdam sandstone.

3. Chazy limestone.
4. BiBDS-EVE AND fil.ACK-RIVER LIMESTONE.
fi. Trenton limestone.

, ,
. Galena or lead-bearing limestone of V/< ;; , uin, Towa

and Illinois, not recognized at the lr>st.

6. Utica slate. )

7. HuDSON-RivER SHALES. > Included in the ^Mtdson nvc. group
8. Grey sandstone. , )

^

9. Oneida conglomerate.
10. Mepina sandstone.
11. Clinton group.

12. Niagara group, coralline limestone of schoharie.
13. Onondaga salt group.

14. Tentaculite or water limestone;

15. Pbntamerus limestone.

16. Delthyris shaly limestone.

17. Encrinal limestone.

18. Upper Pentamerus limestone.

19. Oriskany sandstone.

20. Cauda-galli grit.

Lower Helderberg group.

Upper Helderberg group.

Hamilton group.

21. Schoharie grit.

22. Onondaga limestone.

23. corniferous limestone.

24. Marcellus shale.

25. Hamilton group.

26. tully limestone.

27. Genessee slate.

28. Portage group.

29. Chemung group.

30. Sandstone and sha^>: rv rHir Catskill mountaikm.'
31. Guey and yellow ^^-isr '

-

32. Great carbonifek . . <«ji.tiONE.
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Tlifise momTiers arc nil more or less strongly rhariacterized, possessing

cither markf*! differences in lithological character, in their fossils, or in both
top fher. The nn'H over which each one has bwri traced is fjuite sufficient

to establish its distinctive character and relHtive importancf. On the left

hii'id I have iii'irated the groupinfif which has been found to agree best with
the i)r(.'vnilinfr ))alaBo?!(»ir features, and with thi' litholoprical characters. The
lower Silurian limestones from 'he Chazy, im hiding the Trenton limestone,

have not th same intimate relations with one another, whi( h the upper and
lower Hclderberg groups have, since these form two very (i ,cx and natu-

ral groups. The upper part nf the Clinton group is very inr nately <«la-

ted to the Niagara group, and the lovver part with the Medina mrlstone;

and, though treate(il au distinct in the State of New York, lb -masons

already given, it may hereafter be found best to unite the shaly an irena-

ceous beds with those below into f)ne group, while the calcareous
^ >rtion

may be included with the Niagara. This arrangement wf d be more
natural than the present subdivision.

We shall, in the first place, inquire into the relations which i. enp at ips

have to those occupying the western and north-western States, f h sve

-^'f the

081ts,

'f th«

I and
when
d the

sed,

on-

aat

he

already alluded to one of the most striking features of the geolfjp

west, namely, the almost entire abse e of schistose and arenaceou

from the termination of the Potsdan sandstone, to the commenceni
shales and sandstones succeeding tht corniferous limestone. T)

apparent importance of the cal(;areoi. ^ deposits is much augmente
we view the series as a whole. Look ng to this fact, we expect to i

difficulty of recognizing the individu. 1 membei s considerably inci

since the intercalated masses of sandst one or shale often mark, in .

spicuous manner, the line of separation < 'f the two distinr* deposits.

It has already been shown, in the preceding pages of this report

the lower sandstone of the Lake Superioi district is a continuation o

Potsdam sandstone of New York, which las been traced, by the Canaruain

eologists, through Canada and along th* northern shore of Lake Huron.
This sandstone has been shown to dip beneath a series of calcareous hedm

in which we recognize, as shown above, the calciferous sandstone, tht

Chazy, the Birds-eye, the Black-river an I Trenton limestones, charac-

terized by the same fossils which they contain in New York. We have
shown that these successive members of the series have greatly diminished

in thickness, the entire vertical range being, t several points, less than one

hundred feet. In tracing them across to the M ssissippi river the same tenuity

is observed in all the four limestones ; but t e calciferous sandstone aug-

ments in thickness till it acquires the same dev 'lopment which it has in New
York. At the extreme westerly points where we have examined these

limestones, we find that their lithological character has undergone an essen-

tial change ; but this has been a gradual one, so that we have been able to

trace its progress in our examinations from east o west, and recognize many
of the characters which might otherwise have escaped our observation.

The fossils, though diminished in numbers, are, or the most part, identical

with those which we have everywhere learned to regard as characteristic of

the different groups.

Thus far we have had brought to our notice two or three important dif-

ferences in the succession of the rocks at the West and. in New York.

These are the alternation of the lower beds of the calciferous sandstone

with the higher part of the Potsdam, by which several successive bands of

Ex.—10
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greater or less thickness are presented near the line of junction ; farther,

we have above the calciferous sandstone a bed of sandstone resembling the

Potsdam, and which is from fifty to eighty feet thick. The occurrence of

this bed, which I have indicated in the table above, shows that the causes

which operated to give origin to the deposit of the Potsdam sandstone first

became mtermittent at the base of the calciferous, and then again became
active after the final deposition of that rock. In addition to this, we have,

succeedinfj the Trenton limestone, a thick-bedded, porous or cavernous, and
usually friable limestone in which the great deposits of lead are found.

This rock, though included with the clitf limestone of the West, is now
known to be a distinct member oi lower Silurian age, and one which thus

far we have not recognized in our New York scries. To make up for the

diminished thickness of the Trenton and associated •limestones in the West,
we have this important and distinct mass, the geogra})hical extent of which
has not yet been fully determined.

We next turn our attention to the Hudson-river group, under which terra

we include the Utica slate, the shales and sfindstones of Pulaski,* and the

grey sandstone. In tracing Ibis group towanls the north-west, we find that

the arenaceous beds gradually disappear ; the calcareous matter, on the

other hand, gradually increases, forming with the argillaceous beds of marl,

or, by itself, occasional bands of impure limestone. We are able to trace

this group continuously as far as the shores of Lake Winnebago in a wes-

terly direction ; and, at the south-west, we find it in the vicinity of Cincin-

nati and extending into Indiana and Kentucky. Thus, the Hudson-river

group of New York, by the accession of calcareous matter forming marls

and thin-bedded limestones, has become the typical '* blue limestone and
marls" of Ohio an'l of the North and South-west. This term has been

extended to include the representatives of the Chazy, Birds-eye, Black-

river and Trenton limestones, which appear about Frankfort in Kentucky,

and again on the upper Mississippi.! I have already given the detail of

the facts which prove the truth of this assertion.

Of the Oneida conglomerate, we know nothing at the west. It is an

important member of the New York series, and extends from thence south-

erly through New Jersey and Pennsylvania, forming a well-marked geologi-

cal horizon. The Medina sandstone has been traced to the north-west,

through Canada ; and it may be possible that the green marly bed below

the Clinton group, on Green bay, is the equivalent of that rock. Farther

to the west, or south-west of the great Alleghany coal-field, it has not

been recognized.

The Clinton group is, for the greater part of its extent west of Lake
Huron, merged in the Niagara group ; or, in other words, the calcareous

Sortion is so intimately united with that of the Niagara, that the two are

ardly to be distinguished. The shaly and arenaceous portions of this

group appear only at rare intervals, and form no important feature in the

geology of the western States. There, the Niagara and Clinton groups

are not recognized as distinct from each other, but both form a part of the

* Theso two are usually denominated the lludson-iiver group, but since all those rocks

along the valley of the Hudson river are niorj or less disturbed and metamorphosed, it is

irn; ortant to distinguish tlio individual members. Moreover, the four together form a natu-

ral group, which may either be studied as a whole, or, in favorable localities, in its indi-

vidiui! menibcrs.

t The locilities about Cincinnati do not expose strata below the age of tho Iludson-river

group, including the Utica .slate.
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Wanting in the States north of the

Ohio river.

" cliff limestone," or " upper miignesian limestone," so often spoken of,

and which is one of the most prominent groups of the western states. This

term, however, designates nn extensive series of groups, since it includes

the Galena lirntstone, the Clinton and Ni.igara limestones, (the shales and

sandstones of the former group bring absent), and the upper Helderberg

limestones, all the intermediate groups being wanting in the states north ol

the Ohio river.

This will be better understood, perhaps, by the inspection of the follow-

ing table, in which the equivalency of the Cliff limestone with the Nev
York groups is shown

:

Clijf Limestone.

Cohniferous limestone. '

Onondaga limestone.

Schoharie guit.

Cauda-galli grit. ) Y^„ntj .^^ ^^e West and South-west.
Oriskanv sandstone.

)

°

Upper pentamekus limestone.

Encrinal limestone.

Delthyris siialv limestone.

Pentamerus limestone.

Tentaculite limestone.
J

Onondaga salt-group. Wanting west of Lake Michigan.

Niagara group. | The Niagara and the. calcareous portion of the

Clinton group,
jj

Clinton.

Medina sandstone.
j ^^ j ^^ ^^^ ^

Oneida conglomerate.
)

=

Hudson-river group. )

Galena limestone, > Wanting at the East and South-west.

Trenton limestone.
)

The union of the Galena limestone with the cliff has been induced by
the almost entire absence of the Hudson-river group, where the lead-bearing

limestone occurs, and from the similarity of the latter to the Niagara.

The Niagara group, in the form of a heavy-bedded limestone, can be

recognized throughout all the western States, both to the north and to the

south of the Ohio. The Onondaga salt-group and the lower Helderberg
limestones have not been recognized in the States to the north of the Ohio

;

nor has the Onondaga salt-group been observed to th'=! south of that river.

In Tennessee, the ciitf limestone of Ohio is reduced in thickness and im-

portance, and is nowhere recognized except as a single formation. Still,

among its fossils are to be recognized many of those of the Niagara, and

of the upper and lower Helderberg groups. Arrong the latter are Penta'

merus galeatus, Spirifer macropleura, S. rugosus, and several species of

Jitrypa, which are known in New York only in the limestones of the lower

Helderberg.

This interesting fact is not to be lost sight of, for we shall have occasion

again to refer to it. We perceive that, over all that area of the palBeozoic

ocean, now occupied by the States north of the Ohio, this important

group of limestones is wanting. Their absence can only be accounted for

by supposing, eithi^r that the bed of the ocean was so far elevated that no

iJi
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deposition could be made upon it ; or that it was so far depressed that its

depth was too great to admit of tlie existence of corals and other marine

animals with which thev are associated, and the consequent production of

calcareous deposits. Although represented in Tennessee, it is only by a

few of the characteristic fossils, the formation not becoming one of import-

ance in the series.

In numerous localities which have been examined, the upper Helderberg

limestones rest upon the Niagara limestone, but are sometimes separated

from it by a band of argillaceous limestone, which is, probably, an indica-

tion of the Onondaga salt-group. In some instances, there is evidence of

a denuding action upon the surface of the Niagara limestone, previous to

the deposition of the upper Helderberg limestones ; and we can suppose

this to have occurred only in a shallow ocean. Whether this was the con-

dition of the ocean during all the intervening period, we cannot pretend to

decide at present ; it seems not improbable, however, that, during the first

part of the interval, the ocean was too deep to admit of the growth of

animals ; and that, subsequently, or at the period of the Oriskany sand-

stone, its bed was elevated, and, after some slight oscillations, it remained

at that uniform elevation over the entire area, thus admitting of the for-

mation of this extensive coral reef which marks the period of the upper

Helderberg. The limestones of this period, either in their several parts,

or as one rock, are recognized throughout the West and South-west, having

everywhere an unmistakable character, and filled with the same fossils as in

the state of New York.

Of the groups above the corniferous limestone, which is the terminating

rock of the upper Helderberg series, we have but a meagre representative

in the States west of the Ohio river. Here, we know that some portions

of the Hamilton, as also of the Portage and Chemung groups still remain,

but they gradually die out in a westerly direction. In Canada West, and
in the southern part of Michigan, the Hamilton group is well marked by
many of its characteristic fossils. In many parts of Ohio, Indiana and
Kentucky, the corniferous limestone is immediately succeeded by a black
slate, the exact age of which may be regarded as undecided. It appears
not to more recent than the Genessee slate, and Ave should expect to find

some representation of the Portage and Chemung groups above it. Thus
far, however, it is only in the lithological character of some of the shaly

sandstones above this black slate, that we see any resemblance to these

groups.

The shales and the sandstones of the Catskill mountains, we know,
have thinned out and disappeared before reaching the western part of New
York ; and these have no representation at the west. Succeeding the black

slate, however, there is a group of shales and sandstones which, from the

fossils they contain, are regarded as belonging to the carboniferous period.

This group is succeeded by the great limestone deposit, which is usually

termed the carboniferous. Neither of these has as yet been satisfactorily

recognized at the east.

Thus far, up to the present time, having traced the actual continuation

of the several rocks and groups to the westward, and perceiving the diffi-

culty which exists :n determining in detail the parallelism of the different

members of the palaeozoic series, even where no ocean or mou*^ ain barrier

exists, we shall be prepared to appreciate the obstacles in the way of arri-

ving at an exact parallelism of our series and those of Europe, separated

as

NT^
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as they are by an intervening space of 3000 miles of ocean. In making

any such comparison, it is highly important for us to possess a knowledge

of the changes which take place in the nature of deposits which are abso-

lutely continuous, and strictly synchronous in their origin, having been

deposited in the same ocean during the same period of time. We have an

opportunity of comparing these in a country where there have been no dis-

turbances to produce faults, dislocations, foldings or metamorphism of the

beds, and where the general elevation varies but a few hundred feet. Here

there can be no mistake in the observations, and the conclusions drawn from

them must be allowed to have great weight. We perceive that entire

groups of strata are unrepresented at the West, since the species in the

upper Helderberg limestones, where they rest upon the Niagara group at

the West, are identical with those of the same rocks in New York, where
they overlie the Oriskany sandstone.

The very interesting species marking the period of the Hamilton group

are entirely wanting m the western and south-western States, and we have

very few representatives of those of the Portage and Chemung groups, and

none at all of the Catskill mouiitain shales and sandstones.

Such being the state of things at the West, it is easy to point out the line

of demarcation between three or four groups, but this kind of grouping will

not help us elsewhere. One of these groups which physically is a natural

one in some parts of the country, contains fossils of three distinct periods,

viz : the Niagara, the lower and the upper Helderberg. Were these ani-

mals living contemporaneously, or did they succeed each other in the order

of time, as elsewhere shown ? And, if they thus succeeded each other,

did the same interval elapse in those localities where they form one appa-

rent group, as in those places where each one is represented by a distinct

geological formation and a fauna peculiar to itself? These are questions to

be answered only after mature investigation ; they arise with others when
we take into consideration our palaeozoic series, in its entire geographical

extent, and consider the varied phases which it displays over the space

stretching from the Atlantic to the Mississippi, and from Alabama on the

south to Lake Superior on the north.

PARALLELISM OF THE PALEOZOIC SERIES OF EUROPE AND AMERICA.

The series of deposits which we have to consider lies between iwo well

marked lunits ; namely, the base of the palaeozoic beds on one side and
the period of the coal on the other. These two points are of equal import-

ance as geological horizons. On the continent of Europe and in the Uni-

ted States, there is little difference of opinion in regard to the point of the

commencement of organic life. In England the question is not so well deter-

mined, and it is here that we need further information before we can make
satisfactory comparisons. M. de Vernueil has remarked* that one of the

• I fshould not proceed farther witlioiit making due acknowledgment for the very lucid and
philosophical memoir of do Verncuil upon tlie " Parallelism of the Palaeozoic formations of

America with tlioae of Europe." (Btdleiin de la Sue. Geo. de France, Ser. II. T. IV.
translated and published in Sill. Am. Jour., Series II. No. 14,) which has done more than

all else to elucidate this sul)ject. Tiic paper by Mr. Sharpe on the " Palasozoic rocks of

North America," (Quar. Jour. Geol. Soe. London, Aug., 1848) is filled with valuable criti-

cal matter and affords useful hints upon the subject. M. Elie de Beaumont, in his " Note sur

ies systemesde Montagues les plus aneiens de I'Europe," published in 1847, has also intro«

ducfed the subject of paiallelism in connexion with his views of mountain systems and theii

epochs of elevation. Beyond thes<.', wo have our own papers on this subject, which were the

iQisulta of observatipns made several years siucc.
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principal difficulties, in the comparison between American and European
systems is, that, in America, the series is more complete than in Europe.

It cannot then be expected that we should find representatives for all our

groups, but only for the most persistent of them. The very completeness

of the palaeozoic series in this country presents another difficulty, since it

destroys those sharp lines of demarcation, and those wide and positive dis-

tmctions which are very conspicuous where many of the beds or groups

composing the series are wanting. If there be any changes in the cnarac-

acter of tne animals marking successive stages, then every later group is

marked in some degree by tiiese changes ; thus, the absein^e of any one or

more of the intermediate groups leaves those on both sides in stronger con-

trast with each other.

All the attempts to show that the parallelisin of American and European
paleozoic deposits have been with a view to find a correspondence with the

European standard, where the series is confessedly incomplete, and where it

has sult'ered, during its deposition or subsequent to it, many disturbances.

In speaking in this maimer, we do not mean to detract from the great merit

of this standard of classification, the result of labors of whicli we, who
study the various groups almost undisturbed, can have but little idea ; we
mean only to claim for the most complete series, that one where physical

and zoological characters are best developed, the preeminence which is due
to it as the most perfect exponent of nature herself. It has been said that

our groups are of very unequal importance
; but to this it may be remarked

that it was not always possible to say what were and Avhat were not impor-

tant groups. For example, the Niagara limestone, in its eastern extension,

is only a few feet in thickness, and might well be united with the lower Hcl-
derberg series, which are separa'ed from it by less than twenty feet; and
these two groups were so united up to the year 1838 : but, following

out these deposits in a westerly direction, the Niagara group expands to

an important one, and the thin mass separating it from the lower llelder-

berg attains a thickness of a thousand feet. What are apparently unim-
portant beds, in one place, may become very important in another. It is,

indeed, true that this attention to minor groups does diminish the value

of the lines of division between the so-called systems ; thus, throughout
New York, the line of separation between the Niagara and the lower Hel-
derberg limestone is as strongly marked as that between upper and lower
Silurian, or that between tlie lov/er and upper Helderberg, which is now
regarded as the line between the Silurian and Devonian. In this instance,

we have no hesitation in saying, that the line of separation between two of

the subordinate groups of a system is as well marked as that between the

two divisions of that system into upper and lower, or between that system
and the succeeding one. If it be argued that, in the South-west, these two

f
roups of the lower Silurian system coalesce into one physical group, so also

oes the upper Helderberg (Devonian) coalesce equally with the other

two, the whole forming but a single physical group. The Oriskany sand-

stone is often less than five feet in thickness, and yet it separates the lower

and upper Helderberg limestones as effectually at those points, as where it

is a thousand feet thick. The Marcellus shale, a subordinate member of

the Hamilton group, is not more than one hundred fe'.'t thick, and still it

contains a group of fossils specifically unlike all those in the succeeding

rocks. It is certainly worthy of separation as a distinct member of the

aeries, and its importance is likely to increase rather than to diininish. The
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black slate of the western and south-western States, which immediately
succeeds the corniferous limestone, has no greater thickness than the Mar-
cellus shale, and yet its importance is there fully acknowledged. It occu-

pies the interval between the corniferous limestone and the carboniferous

sandstone, which, in New York, is filled by Ihroe distinct groups having a
total thickness of little less than five thousand feet.

A review of all the facts, and the conditions under which we find the

successive groups developed, brings us hack to our original conclusion, that,

where the series is most complete, there will be recognized no lines of sys-

tems ; and that the whole series, from the commencement of organic exis-

tence to the period of the coal, is one system, composed of a series of de-

posits succeeding each other without those marked changes or intervals

which have usually been consiilorcd to exist.

LOWER SILTJllIAN GROUPS.

The Potsdam sandstone, with its associated conglomerates and shales,

which exist in some parts of the United States, lies at the base of the fos-

siliferous series. It has now been traced from Canada, west to the

Mississippi river, and south-west to Alabama. This rock is represented in

Russia by the beds containing Oboltis and Lingu/a ; and in Scandinavia by
sandstones, which rest unconformabjy on the gneissoid and schistose rocks,

composing the azoic system. M. de Verneuil remarks : "These are, in the

two continents, the most ancient fossilifcroiis rocks ; and, when we reflect

upon their antiquity, we are .istonished to fuul a genus of shells in them
which still appears in the existing ere;) lion, proving that the conditions of

»

existence were not very dilierent then from what they are at present." It

is not yet certain that any beils exactly equivalent to this sandstone have
been found in (Jreat ]]ritain, though it is not impossible that some of the

beds in North Wales may be so. In the sumu connection we may include

the calciferous sandstone, which does not appear to be recognized anywhere
in Europe with the same distinctness as in America.

The Chazy, Birds-eye, and Black-river limestones, which, in New York,
form a group distinct from the Trenton limestone, are not very clearly re-

cognized in Europe. It is probable that some part of the Orthoceratite

limestone of Sweden is the equivalent of the Black-river mass; but we have
no evidence, from fossils or otherwise, that there are any representatives of

the two lower rocks. I have shown that, of the eighty-three species found

in these lower limestones, four pass uj)\var(Is into succeeding beds, two are

doubtful, and seventy-seven are rest rifled to the group. Of this number
of species, the Llluiles cnnvo/vans is tlie only one vvhich I can consider as

an European species ; the Uhcnvs of the (^hazy, which I regarded with
doubt as /. crassicjuda, being a vei-y distinct species.* For these reasons

I consider the limestones iit question as having no representation among
British strata ; and, if at all it-presented on the continent, it can be only in

a very partial manner.

The Trenton limestone, the Utica slate, and the Hudson-river group are

represented in northern Euroi^c by the Orthoceratite limestone oi Sweden
and Russia, and by the sliales ^^iih Grapto'iies, which succeed to that lime-

stone. In Great Britain, the Llandeilo ilags and Caradoc sandstone are
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clearly the equivalent of these groups. It is here that we first find a num-
ber of species identical with European ones, and which enable us to insti-

tute a comparison. It will be found, however, that the species in the

Hudson-river group correspond most nearly with the European forms, and
that it may be «loubtful if the base of the Trenton limestone has been
reached in Great Britain. I am quite aware of the opinion expressed by
Mr. Sharpe, who speaks of the fossils of the

Trknton limestone,

Utica slate,

Hudson-river group,

Blue limestone of Ohio.

I ;!

as being, many of them, common to Europe, where they characterize the

middle part of the lower Silurian system ; it must be recollected, however,
that Mr. Sharpe includes in the lower Silurian scries, the

Grey sandstone,
Oneida conglomerate, t

Medina sandstone,

Clinton group.

The three latter we cannot include within the lower Silurian, for reasons

elsewhere given ; but especially because, by thus doing, the line between
the upper and lower Silurian would be drawn in the midst of species and

types continuing upwards into the upper Silurian. We must also recollect

that the larger part of Mr. Lyell's collection was made in western locali-

ties, and that be could not have had a fair representation of the species of

the Trenton limestone, as we know them in New York.

I have now satisfied myself, from actual examination over many hun-
dred miles, that the blue limestone, as it appears at Cincinnati, is only the

Hudson-river group ; and that the Trenton and other limestones, or their

equivalents, lie below it. This opinion was published by me in 1841, and
though I was, at one time, disposed to modify it from the observations and
published accounts of others, later examinations have confirmed me in my
position. The argument of Mr. Sharpe, therefore, when we look at the

facts, is strongly in favor of the view we have expressed ; for, taking away
the three groups, as we are compelled to do, we show that the fossils he

was examining were from the upper part of our lower Silurian series, and
not from the middle. These correspond very well with the Caradoc sand-

stone, which, in its zoological character, is clearly the equivalent of our

Hudson-river group.*

In studying the fossils from the Trenton limestone, Utica slate and Hudson-
river group, (regarding the latter as composed of the Frankfort slate, the

Pulaski shales and sandstones, and the grey sandstone,) I found, restricted to

the Trenton limestone, one hundred and eighty-eight species ; and, beyond

* There can be no longer any ground for sustaining tlio opinioi^ of M. Elie de Beaumont,
that the Caradoc is the cfiuivalont of the Potsdam sandstone. This opinion I presume to

have been formed from tlio orroncotis views published in this country as to the position of

the Potsdam sandstone witli regard to tlie nuHamorphic shitcs and otlier schistose rocks of

eastern New Yorli and western New England. Since there is now but one opinion regard-

ing the age of these rocks, it is no longer necessary to offer any argument to prove their

real position and relation to the Potsiam sand&ione.
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this number, twenty species common to the Trenton limestone and Hudson-
river group, and two species common to tlie Trenton limestone and the

Utica slate. In the latter rock, I found eight species restricted to that

rock, and three others occurring in both this rock and the Hudson-river

group. In the latter group, fifty-four species are restricted to it, and there

are twenty which are common to it and the Trenton limestone, and three

common to it and the Utica slate.

The list, given by Mr. Sharpe, of the European species found in these

groups, is as follows

:

Lepttcna alternatn.

de[)ressa.

— imbrex.

soricon.

Orthis parva.

——— testudinaria.

Spirifor biforatns.

Terobratula bidentata.

reticularis?

Htrophomena grandis.

Dellcropbon bilobatus.

rorcellla ornata.

Of these species every one, which is included in our list, is common to the

Trenton and Hudson-river group, or restricted to the latter, as is the case

with Terebratula bidentata* and Porcellia oriiata.i This does not reach

the case ; and unless we have evidence that some small portion of this one
hundred and eighty-eight species, restricted to the Trenton limestone, are

identical with British species, we shall not feel disposed to admit that this

period is there represented. It is probable, however, that the Llandeilo

flags, and some associated limstones, may be the equivalent of this rock in

the British isles. When we lucollect that, according to Professor Sedg-

wick, all the bands of limestone in England, below the carboniferous series,

are purely local phenomena, which appear only at intervals, we shall not

be surprised to find that our lower Silurian limestones are not there repre-

sented by strata of the same lithological character.

In comparing our fossils with those of Ireland, we find several species

identical and others closely resembling those of the Trenton limestone.

Among them may be named, Isotelus gigas ( which rarely occurs in the

Hudson-river group), Illaenus crassicauda, Phacops callicephalus, (allied

to P. Dalmani), and Lichas trentonmsis (allied to Lichas {JVuttainia) hiber-

nica).

We recognize in the fossils of this period some which are identical with

those from Sweden and northern Europe. M. de Verneuil has indicated the

following

:

Galymeno Blumenbackii, (var. seuaria.)

G. Eischeri.

G. punctata.

Illsenus crassicauda.

Lichas laciniata.

Geraurus pleurcxanthemus>

Phacopis Dalmani.

Trinucleus caractaci.

Orthoceras communis, or duplex.

Lituites convolvans.

Belleropbon bilobatnsi

Spirifer lynx.

Orthis tcstudinaritti

'-^-^ Veraeuili.

• Atrypa dentata. Hall- Pal. N. Y., Vol. I. p. 03, Fig. 14, not T. bidentata, Hist. Leth,
Sviec. I have since become satisfied that this is a Hudson-river species.

CyrtoHtes ornatus, Conrad.
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These may be regarded ns characteristic of the lower Silurian om in

Europe and America. When wo compare the formations ^ivcn by Hidin>

ger, and the lists of fossils under each, we can have no doubt but that we
nave represented in the *' strafn schixti arfri/tncei** and the '* strata schisti

alumnaris," our Hudson-river groiij) and Dtica slate ; and that the "strata

calcarea antiquiora," wilii their numerous Trilobites and Orthoceratites,

Orthis, &c., some of which are identical with our species, and many closely

related in form, are equivalent to our 'J'renlon liuuistone, with a meagre
representation of the beds helow.

If the Orthoceratite limestone of Sweden extended into Great Britain, it

seems scarcely possible that it should not have been reco|Tni>!ed, since it

contains an abundance of that remarlciiMe form, the I'hidoceraa, but a single

one of which, Orthoceras bisiphonatuiii , is fi{j;iired in Murchison's "Silurian

System," and this one is from the Caradoc saiulstone. The fossils from the

Llandeilo flags are, to so ^reat an extent, identitial with species from the

Caradoc, that we cannot supjjose these beds to extend below the horizon of
the upper part of the Trenton limestone ; or, in the absence of the calcareous

element, they may possibly hold the place of this limestone ; but of this

we have no positive eviilotice, for the want of materials for comparison.

In America, the Hudson-river j^roiip terminates the deposits of the lower
Silurian period. The coinmencement ol" the siu-ceeding period is marked by
some great disturbance, which, though nt)t visible in its elFects upon the pre-

ceding beds, is indicated I)y the production of a coarse sandstone and con-

glomerate, spread widely over the deposits of a more quiet period. This
reason alone might not be sudlclent to induce us to draw the line of demar-
cation at this p>'ipt; but, in the fossililerous beds succeeding this rock, we
find ourselves in the midst of a fauna which is entirely new, or at least

where preexisting forms are so rare and «bscure that they are scarcely

appreciable in our consideration of the whole. This entire change in the

fauna is equally characteristic over large areas of country, where tne sand-

stone before alluiled to has not extended. The epoch of this conglomerate,

however, was followed by alternate periods of disturbance! and repose; for

we find, in the Medina saiulstone, a vast accumulation of argillaceous mat-
ter mingled with the arenaceous deposits; and, the Clinton group, whose
organic remauis become lunnerous, consists f)f shales, sandstones and con-
glomerates. At the commencement of this period, therefore, as at the

beginning of the pahnsozoic epoch, we have the evidences of those distur-

bances which have charged the ocean with coarse materials, transported by
violent currents, and spread widely over the bed of a previously quiet sea.

The change in the fauna is equally conspicuous where the sandstone or

conglomerate, which ushers in this period, does not exist, that is to say,

at the West and North-west.* We have already shown this in tracing the

formations Irora Drummond's island to the Mississippi river. If any further

facts or arguments were needed to sustain this view, we have them in the

fossils already described from the Clinton group of New York, which
amount to more than one hundred species ; and we have not yet recognized

five which are known in the lower Silurian rocks of America.
»*' I

. — .. .I.- I .. . .... I -. ..— . .
' --

I
11 11

I
>

•M. de Vernueil says, tluit near (Jalena, the lino of separation is not so distinctly marked,
and the magnesian limestone contains, at its base, the fossils of tlio lower Silurian period*

We regard this as already sufticiently explained in what wc have said of this lead-bearing

or Galena limestone, which has heretofore been united with the clifT, or upper magne*
ian limestone, but which is decidedly separated from that, and isalowerSiluriaaliiaeitOD9|

frhich sufficieatl/ accouuta for its coutaiuing lower SiluriaD foiiils.
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In the upper division of the' Silurian sy«tpm, we include the roclm from

the Oneida conglomerate to the low(;r llolderhfrg limestone inclusive.

Of these groups, the Clinton and Niagara have a very wide extension, as

we have already shown, in a westerly and soulh-wrsterly direction, while

the lower Helderherg limestonrs extend in a southerly direction, following

the palaeozoic deposits, and can be more or less distinctly recognized from

New York to Alabama.
The Clinton group, with its lu'ds of Pmtmnerus nhlont^us, represents

what in Kntfland is regarded as the upper part ot the Caradoc sandstone ;*

but we find it, not only above this well-marked horizon, which we have
already indicated, but associated with iiiiinerons species of fossils, some of

which are known as upper Silurian lonns in Kurope, and others pass into

forms characteristic of the Niajfar.i group in this country.

The Niagara group, with its sliak' ami limestone, would seem, at first

view, to bo the exact equivalent of the sliuje and limestone of Wenlock
and Dudley in England, and ol' (iotliland in Sweden, so numerous are the

identical species in tliese groups ; but, on examination, we find that

there are numerous species included in these rocks in Europe, which
occur only iit the lower llelderin'ig liiuestones, and which are separated

from the N^iai^iira Ity liie enoinious deposit of the; Onondaga salt group.

It is clear, therefore, t'lat in the Weniock lormatioii of England, and its

representatives in nortliern Europe, nre included purls, at least, of two dis-

tinct groups in the order of time,

—

distiiiet both in their physical and
zoological features; and wo cannot instilule a jjroper conqianson between
the rocks of our own eountry and those of Euro[)e, while we regard that

as one group. Th(! cmdition, both in England and on tli(! continent, is

doubtless similar to whnt we. lind hi 'I'enriessee and Virginia, where, from

the absence of the int 'rmediatc groups, not only the Niagara and lower

Helderberg are united together, but even the upper llelderberg litnestones

are superadded.

M. de Verneuil regards the live inferior bods of the Helderberg as equiv-

alent to the liudlow Ibrniation of England, and, at tlie same tune recog-

nizes many Wenlock species among them, Mr. Sharpo remarks that " a

large proportion of their :>'i('lls correspond willi thos(! of our Wenlock for-

laalion, and there can be no doubt that tliey must be classed with that de-

posit." We certainly admit the ])ropriely of'iecognizing these divisions—
the Niagara on one side and the \n\vcv !leld<iherg on the other— as equiva-

lent to the Wetdock formation. Mr. Sharpe remarks, however, that, with

these shells of the lower ll(dderlier<!;, he (inds srtme which have been re-

garded as Devonian, and mentions Orfhis rcsiipinnta and a Prodvdus,
which we can only suppose to have found their way into this collection by

accident.! We are not prepared to say what relation these five members,

• It ap])oar.s to mc liiRlily protjiiblc tli it Wn luf'ccia iin 1 Cf/iigloiiKtrate of tli') uppur part

of tho Caradoc may repiv.suut our Oiiori'luga coiigloincratc, Jirnl there, as here, occiii)y ii

lower position tlmn tliu Pentamoriis IjciIh.

f It is true tliiU tliero is, in tlie upper Pentaincrus limestone of tlio lower IfelrlerbeiTT, an
Ortlus resembling O. rrsiij)uiata, and anotlior in the Delthyris slialy linieHtonC; which !;ear

some resenibliViice to tli at species; botii, however, are 'piite distinct. I have, in my own
collection, three different species from England and the contin(!nt, all under tho name o^

O. resnpiiiata, but entirely distinct from eacli otlicT ; and Mr. Sharpe will, I am «i:n , recog-

nize them as distinct, whenever ho shall direct his attention to them. I have seen Produetu"

below tho upper Helderberg limestone, where we know that it occurs.
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forminc the lower Helderberg group, bear to the Ludlow rocks ; but we
know mat few of the fossils are similar to those of that division, while

many are identical with those of Weiilock and Dudley. We have yet seen

no reason to change our opinion as <o the similarity of the fossils of the

upper Helderberg and Hamilton groups, with those of the Ludlow divi-

sion, though there are some very important and characteristic ones known
only in the lower position.

Among the species of the JSiagara group, which are apparently identical

with those of Wenlock and its equivalent on the continent, we may men-
tion the following

:

Catenlpora oscharoides.

Heliolites pyriformis, and alliod

species (Pontes of Lonsdale).

Stromatopora concentrioa.

Limaria fhiticosa.

—— datbrata 7

Numerons bryozSoid corals,

identical with Dudley species.

Ichthyocrinns Isevis.

Encalyptocrinus decorus, and

Gyitidese of closely allied forms.

Orthis elegantula.

hybrida.

Lepttena dcpressa.—•— tratfi orsalis.

subp?ana?—Ortbis pocten ?

Spirifer bilobu^.

sulcatus.

' crispus.

-^^— radiatus (S. cyrtajna, Dal.)

Atrypa reticularis.

inibricata ; or a closely allied species.

bidcutata.

interplicata.

cuneata.

brovirostris f

plicatella ?

aprina.

Orthoceras tmbrlMtiun.

virgatn«.

undnlatam.

Conuluria iiiagarensls. (Compare with C. quad-

risulcata in Mnrchison's Sil. Syst.)

Cybclo punctata.

Ceraurus inslgnil.

Bumastis barriensis.

Phacops lingnlams.

Calyniene Blumenbachii.

Honialonotus delpbinocephalus.

Proetus Stoliesii, and species of Onchus.

This list might be considerably extended, if we were to add species so

closely similar to European forms, that there may still be some question as

to their identity.*

Remembering that, above this group, we have the Onondaga salt-

gioup, which, m its greatest development, is one thousand feet thick, we
turn to the next succeeding, or lower Helderberg group. In this group we
recognize

:

Orthis pisum, a species closely allied to 0. by- Atrypa tumida ?

brida.

A species allied to O. hybrida.

A species allied to O. elegantula.

O. orbicularis.

Leptsena depressa.

Spirifer varicus, allied to S. bilobus.

"Wilsoni ?

Stricklandi ?

PentameruH galeatus.

Avicula navifomiis.

Bellcrophou profundus, allied to B. dilatatus.

Phacops Hausmanni.

Spirifer, two species resembling S. crispus, IloroaJonotus ? allied to H. delphino-

and S. sulcatus, but much larger. cephaius.

Atrypa reticularis. Acidaspis — ?

• In this list I have included none which are restricted to the Clinton group.
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The numher of species identical with European f vms will H'mbtiess be

much increased, when a critical comparison shall have been made of all the

specimens we now possess from this group; and, even at the present time,

the list of allied species might be considerably increased, if it were desira-

ble to do so. Among those enumerated, not one is known in the Niagara

group, and among them arc Phncops Hausmanni and Pentamerus galeatusy

which are well-known European species of the age of the Wenlock divi-

sion. Among the corals are numerous forms closely allied to the Niagara

species ; but they have not yet been fully compared with those of Europe.

To show still farther that these are distinct ziiological groups, I may
mention, that three hundred and twenty species have been described from

the Clinton and Niagara groups ; and among more than two hundred known
species of the lower Helderberg, I have not recognized a single one identi-

cal with those of the Niagara group. Again, the Niagara and Clinton

groups extend from New York far to the westward, everywhere recognized

by their physical and zoological characters ; while to the north of the Ohio,

we do not recognize the lower Helderberg limestones, beyond the central

part of New York. These two groups, from the thinning of the Onondaga
salt group, approach within a few feet of each other along the base of the

Helderberg, but, nevertheless, continue far to the south-west, separated by
a remnant of the Onondaga salt group, till at last this disappears, or is no
longer recognized.

In the comparison, therefore, with European groups of upper Silurian

age, we find that our Clinton group is merged, by European writers, in the

lower Silurian period ; the Medina sandstone, on the other hand, appears

not to be recognized ; or, if existing in any form, is classed with the prece-

ding. The Onondaga salt group is not represented in Europe, and the

Niagara group and lower Helderberg limestones, w^hich exist there only

partially developed, are merged in one, while, in the United States, they

mark two important epochs in the upper Silurian period. That this is the

true state of the case we feel the more confident, inasmuch as it is analo-

gous to what we find to be true in this country.

GROUPS ABOVE THE LOWER HELDERBERG.

Turning our attention to a comparison of the divisions succeeding the

lower Helderberg, we first meet with the Oriskany sandstone and Cauda-
galli grit. The former has no great thickness in New York, but acquires a
greater development in Pennsylvania and Virginia. It has, however, entirely

thinned out in western Tennessee and is nowhere met with in the States

west of the Appalachian chain. This rock, however, is geologically of

great importance ; for, along the Atlantic slope it forms a very prominent
dividing line between limestone series which, in their physical aspect, are

very similar to each other. In its organic contents it contrasts strongly

with the rocks which have preceded it. Although in many places super-

imposed directly upon the upper Pentamerus limestone, yet, the moment we
enter it, we discover that we have left all those forms which were charac-

teristic of the strata below. In its prominent and abundant fossils it has
almost as little connection with the succeeding fossiliferous rocks as with
those below.

The production of this rock undoubtedly marks a period of physical dis-

turbance, which resulted in the formation and distribution of this detrital

81:
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innitcr. It npfcars to linve been only in remote pnrts, or in those points

(listiint froin tiie snu'Co of fliis deposit, that organic bcim.'s flourished in nny
(•onsidt'iahji' numbers. The succeeding dciiosit, which is a detritus of gritty

aiateriil, both argillaceous and arenaceous in its character, is very Timit-

I'd in its extent, and contains scarcely n vestige of organic life, while the

fossils of the preceding division are entirely cut olF by it.

From all that we have been able to learn, these two rocks are not rep-
resente(l in Europe, or nt least they have not been recognized as of any
geological importance. The Oriskany sandstone, however, marks an impor-
tant horizon, since we now regard it as commencinfr the Devonian period.

In Europe, and more particularly in Great Britain, the limits between Silu-

rian and Devonian have not been dearly traced ; since we observe many
disputed species, and others which are said to pass iVom one system into the

other. A farther comparison of specimens shows us, that, though specifi-

cally distinct, many of the Oriskany sandstone species possess peculiari-

ties not noticed in those of lower groups, but which are characteristic in

the higher ones.

DEVONIAN SYSTEM.

With this preliminary notice, we enter upon the consideration of the

rocks which are regarded as forming the equivalent of the Devonian sys-

tem in Europe, excluding the two just mentioned, which are not recognized

there either by their physical or ziiological characters. These are the

Schoharie grit ; the Onondaga and Cornifcrous limestones, which are inti-

mately connected by their fossils ; the Marcellus shale ; the Hamilton, Por-

tage and Chemung groups, together with the sandstones of the Catskill

mountains. We have already shown how far these can be recognized at

the West and South-we^t, and it rem:nns to consider how far they are rep-

resented in Europe by the groups kown as Devonian,

It has been a dilficult point to fix the lower limit of the Devonian system
in the United States. We were able to recognize the extension of the

series equivalent to the Wenlook formation, as high as, and including, the

lower Helderberg limestones, of which we have been speaking ; but we were
unable to find beds corresponding to the Ludlow rocks, unless by including

those groups which were much higher up in the series ; in fact, by taking

into the classification the Hamilton group. The large number of forms
figured in Murchison's " Silurian System" from the Ludlow beds, and
which can nowhere be recognized, even in iheir analogues, below the Oris-

kany sandstone, convinced us of the impropriety of including the upper
Helderberg and PLimilton groups in this part of the Silurian series ; nor

have we yet seen sufficient reason to change this opinion. If the Devonian
system is so extended as to include all the groups alluded to, then it must
also include some of those beds heretofore referred to the Ludlow rocks.

We think that this argument has some force, from the fad that in the coun-

try where this system was first promulgated, no less than twenty species

are described from the rocks of Devonshire which had been previously des-

cribed by Murchi;;on in his " Silurian System," and nearly all of them from
the Ludlow beds; giving more than twenty-five per cent, of all the Lud-
low species, exclusive of fishes, which are not included in the enumeration.

This number, moreover, amounts to ten per cent, of all the Devonian fossils

described, by Phillips. We say, without fear of contradiction, that there is
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no such mingling of species, no such passage from one group to another on
the American contment, even among the most insignificant of the New York
subdivisions. More than this, it seems unphilosophical to separate rocks

into different systems, when so great a similarity of organic life is shown.

It may seem presumptuous, for one not having heen on the ground, to offer

remarks thus opposed to the conclusions of eminent English geologists, but

before the appearance of the " Pala-ozoic fossils of Devonshire," we had in

this country, as we supposed, been able to recognize something like the

e(juivalent of the Ludlow series, and the species present themselves to us

still in the same light. If the relation of the Ludlow rocks to the Devo-
nian system is clearly made out, and ti.ey are shown to constitute an inter-

mediate group, then we must of course admit that there is an important

hiatus in our series ; but until (his is done, we are willing to believe that it

is more perfect than that of other parts of the world.

Before proceeding farther, we will devote a few lines to fossils of the

Ludlow beds, as figured in the plates of Murchison's " Silurian System."
Lituites Biddulphii (Sil. Syst. p. 211, Fig. 8).—We have in the Scho-

harie grit fragments of a fossil scarcely distinguishable, in any respect, frott*

the one figureil ; covered, moreover, with the minute Spirorbis tenuis, as

in the Ludlow specimens. In the .'.ame arsociation is another species quite

similar to Lituites articulaius, and numtTi>us others of this peculiar type of

fossils, which we know in no other rock. Fragments of other chambered
shells, referred to Phragvioceras, are also fouml in the Schoharie grit. In

the same rock we have the Cahjmene plntys of Green, which is undistin-

guishable from C. Blumenhachii, var. major of Muirhison. It is only in

a higher position, principally in the Hamilton group, that we find Loxone-

ma nexilis, and forms like Modiola semisulcata, Cypricardia solenoideSf

Cardiola fibrosa, Cypricardia amygdalina, C. undata, (which is of the

type of many of our Hamilton forms, arnd clearly belongs to the same ge-

nus, Grammysia), and C. cymbceformis (a decided Hamilton form).

Among the Orthoceratites we find such forms as 0. ibex and 0. articular

turn, and I might go on to increase the list, were it necessary. There is

not, in the whole series of illustrations, any which strike us more forcibly

than those just cited, since they are, if not positively identical, at least

closely allied species.

Prof. Phillips's list of the Devonian fossils includes the following species,

described by Murchison as characteristic of the Ludlow or upper Siiui'ian

series

:

Tnrbinolopsis bina.

elongata.

Gyathophyllum turbinatom.

Favosites polymorpha.

gotblandica.—^ spongites.

—— fibrosa.

Stromutopora concentrlco.

Pullastra/ complanata.

Cypricardia (Modiola) somlsolcata.

Cypricardia imprcssa ?

Nucula (Cuculiiea) orata.

Orthis scmicircularis.

'

' " compressa.

Loxonema sinuosa.

Bcllcrophon trilobatua.

Orthoccras ludunno.

inibricatum.

ibex.

Brontos signatus.

'9

I

%

I

It is certainly not a little remarkable that so many Silurian fossils should

pass upwards into thg Devonian system, a case quite unexampled with us
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occurrinp; in dilferent ones.

We will next turn to the American species identified with Devonian forms
in Europe. Mr. Sharpe, in liis paper, cites the following species from the
Oriskany sandstone, Cauda-galli grit and Schohurie gril, as identical with
European forms, viz

:

Spirilln- nronosus,
'

Urii,

'rorebratiila rcticuliiriH j

and from the Onomlaga and Corniferous limestones, i

IjcptcDiia deprossa,

( )rthis restipinutii,

Torcbratulii i'(;tic.\ilariH.

We have iiot had the good fortune, personally, to see Spirifer Urii \n

so low a position. S. arcnosus is a characteristic spe(;ies of the Oriskany

sandstone. Tcrebrafula reticularis is a species which passes from the Clin-

ton to the Chemung group, and is worthless, simjjly as a species, in identi-

fying strata. Leptama depressa passes from lower Silurian beds to the

cormferous limestone imilusive, and must stand in the same category with

the preceding. Orthis resupinata can be of no value till its character or

geological range is defined ; and we are tlius reduced to a single identical

species.

We would ask, whether all those ' remarkable forms from the Schoharie

grit, so much like those of the lower Ludlow, and numerous others of the

corniferous limestone, equally peculiar and characteristic, are to pass un-

noticed, as of no value in the determination of strata, while a few forms,

whose geological range is indefinite, are made to decide the question of

parallelisni ?

In the Marcellus shale, Hamilton group, Tully limestone, and Genessee

slate, Mr. Sharpe identifies the folJowing species as European

:

Avicula Boydii.

quadrultt.

Atbyris concentrica.

—:— lamellosa.

Orthis Michelini.*

exlmia I

opercularis.

Strophomena Shorpei.

Spirifer Urii.

luacronotiis.

Productus IVagaria ?

scabriculus 7

Torcbratula reticularis!.

aspera.

borcalis.

nucula ?

Orthoceras articulatum t

In the Chemung group, the snme author recognizes as European species

:

Avicula Boydii.

Damnoniensis /

Atbyris concentrica.

StrnnVinTnonR iimhrariiliim 1

Spirifer Urii.

aperturatus.

Productus plicatilis?

fVagaria ?

Terebratula reticularis.

——— 3s')ers=

borealis.

nucula ?
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The whole numlior of spe(i<'S luiirip; twenty-one, of which eight are douht-

fully identified, and one (O. Michdmi) not identified ; and from the num-
ber remaining wv. may sul)triu'.t Tcrebralula reticularis, for reasons before

given. With tliis evidence alone, we do not consider tiiat the ])arallcli8ni

of the grouns enumeniled with those of England can be regardcid as posi-

tively eslablisiied ; for we believe that a coinj)lete (collection of our fossils

from the lower members of this division wouhl offer stronger proof of their

identity with the Ludlow rocks. It is probable, however, tliat there are

other circumstances, of which we are ignorant, which led Mr. Sharpe to

this conclusion ; for, upon similar grounds, we have a right to conclude that

the Ludlow and Devonian rocks of Kngland are e(|uivalent, since they con-

tain fully an equal lunnltcr of identical species. If such a grouj) as the

Ludlow, divisible into upper arul lower, separated by a limestone like the

Aymestry limestone, «loes exist as distinct from the Devonian system, it

presents a remarkable anomaly in the series, in containing so many species

which are identical with, anil so many which are similar to, those of the

Devonian system.

. It should be observed that the s|)ecies cited by Mr. Sharpe are, with one

exception, from the JlamiMoii and Clieinung groups, and that at least seven

of the number are of those which [)ass from one group into the other. The
number, all together, is less than oni^-lwentieth of the whole; and the other

nineteen-twentieths, which wvv. llu; iru)sl characteristic of the group, are not

taken into consideration in the comparison.

The arguments of M. dc; Verneuil, in favor of placing all these groups in

parallelism with the D(!Vonian ol" Europe, are certainly very satisfactory,

after we have once admitted the principles advanced in the outset ; but, at

the same time, it appears that the cpuistion of the Ludlow series is left un-

<letermlned. They liave, in Kngland, a group of shales and (lags with earthy

limestone— a limestone of importance— and this again succeeded by soft,

micaceous, thin-bedded, greenish-grey sandstones, the whole having a

thickness of two thousand feet, which it seems diflicult to recognize, even

on the continent of Euro|)e.

This author regards it as incontestible, that the red sandstone of the

Catskill mountains is upon the same horizon as the old red sandstone of

Scotland and Wales ; that the Chemung, and Portage groups, the Genes-

see slate, the Tully limestone and Hamilton group represent the series of

the Eifel, and of Devonshire; and that the Marce'lus shales are equivalent

to those of Wissenbach, in tlie Duchy of Nassau. The Onondaga and

corniferous limestones, he places in the same horizon as the inferior part of

the Eifel and the Harz ; while the. Oriskany sandstone is regarded by him
ns equivalent to the fossiliferous schists upon the borders of the Rhine.

Following the views of this author, the presence of the genera Produdus,
Goniatites, M'autilus, Peniremites, and the larger ganoid fishes, like Jlstero-

lepis and Holoptychius, constitute characters which are unmistakably Devo-

nian. We are not aware of the appearance of Produdus and Pmtremi-
tes, before the period of the corniferous limestone ; Goniatites and JVaw-

tilus follow in the Marcellus shales ; while the first fish, of the character

specified, is found in the Schoharie grit. Following this view, we have,

from the corniferous limestone onward, the combination of types required

to characterize the Devonian system ; that is to say,—we have a single spe-

pies of Peniremites and one of Produdus, in the corniferous limestone

;
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and two of the latter and two of the former in the Hamilton group,

where they are associated with Gonintites.

Leaving, for the present, any criticism upon the ziiological value of these

types, we would merely remark that the advent of Productus and Penlrem'
ites is what might have been aniicipatod, and is only another stage in the

developement of types existing in the Silurian period. Of Kautilus and
Goniatites, we have, at present, less positive information ; but it seems to

us that the peculiar Ceplialopods, at the base of the upper Ilelderberg, are

a link in the series, which it is necessary to consider before introducing the

Goniatites.

The rocks, from the Oriskaiiy sandstone upwards, form three very natu-
ral physical groups, which, to a greater or less degree, are marked by their

peculiar" fossils. These physical groups would give the Helderberg lime-

stone as the lowest ; the Hamilton group, including the Ma.-cellus and
Genessee shales, for the second ; and tne Chemung, including the Portage
group as an enormous development of beds of passage, for the third.

The American fossils, recognized by de Verneuil as identical with Euro-
pean species, are :

Holoptychius nobilisslmus.

Dendrodus, toeth of.

Asterolepis.

Phacops macroplithalmus.

Cryphaeus calliteles.

Goniatites retrorsua.

Bellerophon striatus.

Murchisonia bilineata.

Cbemnitzia noxilis.

Avicula Damnoniensis.

Pterinea fasciulata.

Modiola squaniifera.

Inoceramus chemungensis.

Cardium loricatum.

Lucina proavia.

rugosa.

Grammysia hamiltonensis.

Sangulnolaria dorsata.

Terebratula cuboides.

Terebratula reticularis.

aspera.

concentrica.

Spirifer mucronatus.

macropterus.

cultrijugatus.—— lictcroclitus.

Verricuili.

Orthis sti'iatula.

umbonata.

crcnistria.

Lcpticna deprcssa.

Duteitrii.

laticosta.

Ghonctcs nana.

Productus subacnleatUB.

Favositcs gotlilandica.

Pontes intcrstincta.

Stromatopora concontrica.

Plcurodyctium problomaticum.

The greater part of these species have been recognized on the continent

of Europe, and among them are only four or five which are included in

the lists given by Mr. Sharpe. Still, it does not appear to us that the Scho-

harie grit, the Onondaga and the corniferous limestones are equally well

represented with the groups above them. The fossils cited, from the Scho-

harie grit are a species of Asterolepis? Calymene Blumenhachii ? Pha-
cops macrophihaimus and Modiola squamijera ? Of these C Blumenhachii

is a distinct species peculiar to this rock, the C, platys of Greene already

alluded to ; the Phacops is not P. macrophthalmus, but a very distinct spe-

cies, haying a row of spines along the axis ; so that certainly no more than

two species are identiEtd.
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Phacops toacrophthalmni.

Bollerophon fitriatm*

Chumnitzia noxilis.

Murchisonia bilinoatni.

Lucina proariu.

. rugosa.

Terobratula reticularis.

. aspera.

Tflrebratnla conceatrloa.

Spirifor mncronatui.

——— cultrijugatuit

hotoroclitoi.

Leptaena dcpressa.

Catcnipora CRcbaroldMi

Stromatopora concentrlca.

From this list we exclude the two last entirely, since they are not known
in these beds ; and, if occurring, they would prove nothing, since they are

Silurian species. Terebratula reticularis and Lepteena depressa are also

Silurian species, and of little value for the purposes of identification. Pha-
cops macrophthalmus is equally common in the Hamilton group ; and Cht'
mnitzia nexilis, Terebralula aspera, T. concentrica and Spirifer mucro'
natwi, are comparatively very rare in these limestones, and only reach their

maximum in the Hamilton group. Therefore, we must still regard these

three calcareous deposits as but meagrely represented in the Devonian sys-

tem on the other side of the Atlantic. In fact, we are unable to see, after

all, any greater similarity to the Devonian than they have to the Ludlow
series; and the number of species here cited from these two members of the

upper Helderberg, whic'i pass upwards into the Hamilton group, is not so

great as the number of Ludlow species which rise into the Devonian of Eng-
land, according to the authorities here cited.

We perceive here, as in the lists cited from the memoir of Mr. Sharpe,
that there are comparatively very few Devonian species below the Ham-
ilton group, and that these are by no means characteristic forms. Although
we admit the conclusions of M. de Verneuil in general, yet we are still una-

ble to appreciate the evidence which would place all these deposits in par-

allelism with the Devonian of Europe.

In a westerly direction, the upper Helderberg group, composed chiefly

of the Onondaga and corniferous limestones, is contmuous as far as the Mis-
sissippi river. Of the sedimentary formations succeeding these, all have
disappeared save a black shale, which may be a representation of the

Genessee slate of New York, but which holds the place of the Marcellur.

shale, resting directly upon the corniferous limestone,
,

The green shales anil yellow sandstones of Ohio and Indiana, which sue

ceed this black shale, have l)een recognized as carboniferous by their fossils,

though there is still some doubt whether the lower part may not represen

the Chemun;^ group of New York ; at least their connection with the groups

below has not been fully shown. In these states, therefore, the equivalent

of the Devonian of Europe is to be found in these limestones and the black

shale imj^nediately overlying them. This limestone is more uniform in its

character than perhaps any other of the groups, and it is everywhere

marked by numerous characteristic fossils. On the Mississippi river, we find

that the shales and sandstones between this group and the great carboni-

ferous limestone have entirely thinned out, leaving the latter rock resting

directly upon the limestones of the upper Helderberg.

The contrast between the divisions of this period, at the East and the

West, will be made more intelligible by a tabular comparison.
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Black Slate of the West.

Shales and sandstones of the Catskill MouNTAras
Chemung group.

Portage group.

Genessee slate.

TuLLY limestone.
Hamilton series.

Marcellus shale.

*• Hamilton group.

Upper Helderberg Series, including

corniferous limestone,
Onondaga limestone,

Schoharie grit.

Shelly liim-slone and upper coralline limestone,

(upper part of cliff liiiiesione), continuous

with the Onondaga and corniferous lime-

stones of New York.

Before concluding our remarks upon the parallelism of these several

groups with the Devonian system of Europe, we Avill examine, for one mo-
ment, the zoological evidence. The occurrence of Producius, Pentremi-

tes, JVautilus, Goniatites and the scales of ganoid fishes are regarded as

showing the parallelism of these deposits with those of Europe. In the

first place, Productus, as now restricted, includes Brachiopods of a pecu-

liar type, not known before the period of the Helderberg rocks. Leptana,
which, till recently, has been included in the same genus, is the earliest

representation of the type ; Chonetes is another form, coming in only at

the upper Silurian period, and at about the same time Strophodonta,

both forms making a nearer approach to Productus proper ; and, after the

lapse of these periods, the genus appears precisely in accordance with a
law which has operated upon all the types from the beginning. Pentremi-

tes, as now constituted, includes some four or five distinct genera ; but the

type of this genus appears in upper Silurian rocks. This genus, like Pro-
ductus, is par excellence, a carboniferous form ; both appearing in small

numbers and with few species during the Devonian period. The Goniatites

appear, for the first time, in the Marcellus shales, associated with a nauti-

loid form, the Discites of M'Coy ? In the black shale of the West, other

species of Goniatites occur.

Now, as all these genera, in their most perfect development, are the ac-

knowledged types of the carboniferous period, the inquiry naturally sug-

gests itself, whether, at any point of time, or at any horizon in the series

of deposits after the appearance of these genera, we can draw the limit be-

tween Devonian and carboniferous. If the advent of these forms is of im-

portance enough to be regarded as the commencement of a system, we can

conceive of no law, in the progress of these developments, which will per-

mit us to draw any line separating the strata in which they predominate in-

to two systems. If they are important, when occirHng in small numbers,

as characterizing the Devonian system, they are certainly as important when
they become developed in greater numbers and more perfect forms. We
have a right to contend, therefore, for the existence of the carboniferous

system at any point where we can find a continuation of the genera Pen-
fretnites, Productus, Goniatites [Cyrtoceras, Discites), JVautilus, and the

ganoid fishes. I contend that this is the legitimate conclusion, or else the
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carboniferous system is subordinate to the Devonian. We characterize

Devonian rocks by the presence of these fossils ; how shall we character-

ize the lower members of the carboniferous, except by the same genera?
If we decide that certain species, or certain peculiarities of species, imply
the existence of the carboniferous, are we not making it a subordinate sys-

tem or group, since it is by these characlers that we everywhere distinguish

our suborilinate grou])S ? If we would establish groups or systems on zfio-

logical characters, then we are bound 1o maintain the principle with which
we set out. It appears to me that we have regarded certain systems as es-

tablished, and their limits fis fixed, more from habit than from any express-

ed principle ; and that we (Consider a (certain association of species even of

more importance than the advent of new types.

1 have already shown that many of the Ludlow species of Murchisonare »
very similar to, and others identical with, species from our higher groups

;

and this similarity might even be traced much farther. It is true, moreover,
that, in the " Palfeo^^oic Fossils of T)(!Vonshirc," a number of Ludlow fos-

sils are cited, equal in number and importance to those cited from Amer-
ican rocks, to prove their identity with the Devonian of England. In the

paper of M. de Verncuil, a larger number of species, and some of them of

more important forms are cited ; but we still find the serious objection

which we have just mentioned.

This would be made more apparent if we were to compare more fully

our species with European forms. We will take, for example, the Marcel-
lus shale, in which we have a beautiful group of Cephalopoda. Among
them we have a species undistinguishable. from the Discites planotergatus

of M'Coy, a carboniferous fossil. Associated with this are forms very
similar to Discites castellatus, Temnocheilus coronatus, and Gordatites

spheeroidalis, with Orthoceratites &c., of the same author, and all from
the same member. Now, even admitting that they are only similar species,

and not positively identical, still it seems to us that this is too remarkable

a combination '
) admit of the rocks in which they occur being very widely

separated in point of time. Animals of this class have 'not often lived

through more than a single growth, and, so far as we know, in our palaeo-

zoic series, are very reliable guides,*

In the Hamilton group we have a Pentremites of the form of P. flortales,

a carboniferous fossil. We might mention a considerable number of Aceph-
ala, in the same group, having close relations with carboniferous forms of

Europe. We have, in the Chemung grouj), numerous species of Pecten and
closely allied genera, which are scarcely distinguishable from those of the

carboniferous period of Europe. The Holoptychius is rather a carboni-

ferous than a Devonian type, though H. nohilissimus belongs to the latter

system.!

In the black shale of Rockford, Indiana, a few feet above the ctJrnife-

rous limestone, the Goniatites rotatorius and G. princeps have been found.

These are carboniferous species of Europe, and indicate to us the same ho-

rizon in America. What arguments shall we offer in explanation of these

• Brachiopoda have been tlu; most cnr'.iring forms, and have often passed through seve-

ral geological divisions. Acepluilii appear to be next in the order of persistence; and after

them the Gar-iteropoda, while the Crlnoids have rarely lived beyond the group in which
they first appear.

t I might 'lerc mention tlie ftict, tliat Prof. Agassiz informed me, a few months since, ho
had seen, frori the limestone of Columbus, Ohio, (cornifcrous limestone,) the tooth of s

tish, which ho liad hercfofore resarded as being a carboniferous genus.

.,ii
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fftetf, but that, in the carboniferous system of Europe, hare been included^

not only types and genern, but even species which began their existence at

about the period of our Marcellus shale ? How shall we be able to bring

these deposits into parallelism, without bringing down the limits of the

carboniferous to this horizon ?

We have already, as we think, given sufficient evidence in the number of

identical fossils, to sjjow the equivalency oi" cer^fjin of our divisions, as far

as the lower Helderberg limostones, which we place in parallelism with

the Wenlock shales. We cannot ai;ree with M. de Vcrneuil in placing

them in parallelism with the Ludlow, for we have scarcely a single identi-

cal species of any importance, nor even analogous types. Leaving out of

consideration the Oriskany sandstone and Cauda-iralli grit, we feel disposed

^to regard the Schoharie grit as possessing zoological Hjatures more in ac-

cordance with those of the lower Ludlow scries than any other rock in

our classification, and we shall thus place it for the present.

In reference to the identity of groups above the lower Helderberg series,

it is impossible to place our rocks in any distinct parallelism with those of

Europe ; since the published works of European writers represent a gradual

passage of one system into another, and a want of well-defined limits,

either by physical or zoological characters.

It should not, however, hv iindt .stood from this, that the equivalents of

the European systems do not exist with us. What we would say is this:

that, so long as the Ludlow group and its subdivisions are maintained, to-

gether with a Devonian and a carboniferous system and their subdivisions,

we can never reconcile our series with those of Great Britain or the conti-

nent of Europe. If those divisions and subdivisions do not exist, and the

identification of the groups above this with the Devonian system be sus-

tained, then w(! have an import?)it hiatus to fill above the lower Helder-

berg limestone, which is unquestionably the place of the Ludlow deposit.

Should we ever be able to fill this gap, we are but at the commencement of

the difficulty. In the first place, we find in the Schoharie grit, as already

cited, numerous fbrms closely resembling those of the Ludlow beds. In the

Hamilton group we find others, of which the bivalves resemble, or are iden-

tical with those of the upper Ludlow. The numerous species of obliquely-

cingulated shells, such as are figured in the geological survey of Great
Britain, (Vol. IL Part I., Plates 17 and 18, together with such forms as are

repiesented on Plates 19, 20, 2\, 22 and 2'.i,) are not to be found in our

series, except in the Hamilton group and the associated strata.

We have therefore to reconcile in some way all these apparent discrepan-

cies and real difficulties, before we can proceed oiif step beyond the lower
Helderberg limestones. It is true, that, in the siiiulstone of the Catskill

mountains, we have the remains of Holoptychius Dendrodus and other

fishes of Devonian types ; and, as already remarked, the higher groups cor-

respond with the Devonian of Europe ; thus, were it not for the previous

difficulty in recognizing the Ludlow series, togetlier with another which
now appears, we couUI feel some security in the conclusion that this part of

our series corresponds to the Devonian of Europe. But here we are met by
the difficulty of accounting for carboniferous types which, according to the

present views of paleontologists, disappear here ; and not only the types,

but numerous identical species.

I have already given a list of species which are recognized by Professor

Phillips as common to the Ludlow and Devonian beds ; and when we exan^"

N»
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ine farther among published species, we find numerous Devonian t^pes among
the carboniferous strata, as shown by the list given below, which is only from
a single work.

Devonian fossils cited by M'Coy in his Synopsis of the Carboniferous

fossils of Ireland. (The names are principally these given in Fhillips't

" Palaeozoic Fossils."'̂)

Orthoceras latorale.

Goniatites oxcavatuf

.

——— spiralis.

Glymenia plurisepta.

saglttalls.

*NautiluH subsulcatui.

BuUerophOD woulockeniin.

Loxonema tumida.

£uomi)lia1u8 serpen*.

Acroculia carinata.

sigmoidallB.

.. vetusta.

Sanguinolaria lirata.

Pleurorynchus minax.

Cypricardia dcltoidea.

CucvUea angusta.

coinplanata.

Haidingeri.

f» trapezium.

• unilatcralis.

•fLopttena sordida.

Orthis arachnoidea.

arcuata.

compressa. (S. D & 0.)

t* crenistria.

f-

. granulosa.

- intcrlineata*

longisulcata.

- orbicblaris. (S.)

parallella.

- rcsupinata.

- flcmicircniaria.

- tenuistriata.

Spirlfor apcrturatufl.

•f^
calcaratus.

crispus. (S & 0<)

•f disjunctus

* extensus.

f» gigantons.

• grandtevus.

. .- inomatns.

... I 1... megalobas.

— metomaloa.

Nucula linoata.

Modiola aniygdalina.

t*Fosidoina Becliorl.

f» lateralis.

t« tuberculatUi.

Pectcn araclmoidoi.

gtanulosus.

polytr/chus.

t* tranHveriui.

Productu caperata.

fragaria.

laxispina.

niembranacea.

*Lcpta::na dcpressa. (3, D fc 0.

nodulosa.

convoluta.

liardrensls.

lata ? (S.)

f
•— plicata.

interstrialls

Atrypa anisodonta.
'* ol31onga.

* sciuamoM.

• fallax,

* indentata.

Terebratula bifera.

caiialis.

cornpta.

^* desquamata.

)

•t-

ferita.

' inspcrata

— juvcuis.

laticostata.

—- romboidoa.

Calyracno gre^nulata.—— licvis.

—•— Latreillil.

Adciocriuus histix.

Pentrcmitcs florealis

Platycrynuii intcrscapultrU.

Isocrinus macrodactylus.

Cyathocrinus ellipticus.

'
- goometricus.

^i

i i

i ^i

:vi i • ^ I

^ 1

li

i fi
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•Spirifer pulchellus. Cyatliocrinus mcgastylus.

nidis. pinnatus.

variabilis.

t* nudus. Aclinocrinus tciiuistriutiiii.

AlUl)lC.\US TI0dul08US.

t» subconicus. tortuosns.

Turblnlopsis bina. (S.

coltica.

protensus.

«•> ! »>A /«n*v««\t rt

fAHtrca pentagoiia.

•fAtrypa dccussata. Syringopora bifarcata

• hispida. Mauon cribrosiim.

•f angularis. ?leurodi(!tyiim probloniftticum

• lachryma. (S.) Favosites libiOHa. (S.)

Favosites polymorpha. (S.) gotlilandica.

t*Cannopora placenta. (Jorgonia assiiiillis. (S.)

t'Stromatopora polymoi pha. Glauconomo bipinnata.

Verticillopora abnormls . (S,) Ptylopora fiustrifomiis.

Millepoia gracilis. **Penestolhi antiqua.

similis. laxa.

llemitrypa oculata.

ipecies thus marked (*) are from those described in Sedgwick and Mur-
cK «on's paper " On the Physical structure and Older stratified deposits of

Devonshire," (Geol. Trans. II. ser. vol. 6). Those thus marked (f*)

were first described by Sowerby in the Geological Transactions cited above,

and also recognized by Phillips in his " Palaeozoic Fossils." S, D, and C,

or either of these letters, denote that the species belong also to the Silu-

rian, Devonian or Carboniferous.

The entire number of Devonian species, here recognized as passing up-

wards into carboniferous strata, is one hundred and twenty-five. This is

nearly half of the whole number published by Professor Phillips in his

"Palaeozoic Fossils of Devonshire and Cornwall." Of the entire number,
however, eleven are species published in the; paper of Sedgwick and Mur-
chison before cited, and which are not included in the work of Professor

Phillips. If we now take from the remaining Devonian fossils, the Ludlow
p.nd other Silurian species, the list is still further reduced by some twenty
species ; thus more than one-half the number of fossils described in the

above-mentioned work of Professor Phillips, are found to occur in Silurian

and carboniferous strata ; and the small number of restricted species reduces

the importance of the system to the value of some of our subordinate

groups.

Let us next compare the proportion of so-called Devonian species in vhe

"Synopsis of the Carboniferous fossils of Ireland." This work embraCv?s

descriptions of about nine hundred species, of which, as just remarked, ono
hundred and twenty-five have been recognized in Devonian and older de-

posits. This gives, of the whole number of species, between thirteen and
fourteen per cent, as belonging to the older divisions. In the Brachiopoda

of the work there is a still larger proportion, or sixty-three species, which
is about twenty-six per cent, of the whole, chiefly in the Devonian system.

Among the corals there are twenty-four species, or about twenty-three per

cent, of the whole ; and among the Crinoids, ten species, or about twenty

per

nor

carl
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per cent, ot Devonian and Silurian species. This last fact is of high im-

nortance; since, of all our fossils, ihv. Crinoids are among those which are

.3 most restricted in their raiij^e.

The proportion of species here represented, as passing from Devonian to

carboniferous, is so enormously ^reat, that we find no parallel to it in any

preceding period. It is even nearly twenty times greater than the propor-

tion of lower Silurian species now known in the upper Silurian groujis of

North America, and in the same proportion more than are common to the

two divisions of the upper Silurian. We are even prepared to say, that the

subordinate members of the Hamilton group do not present an equal num-
ber of species passing from one to the other. We will go further and say,

that, if the Hamilton group, as it exists in the State of New York, were
broken up, and a sp»ce twenty-five miles in width to the east of Cayuga
lake were metamorphosed so as to obliterate the fossils, the eastern and wes-

tern portions would scarcely present an equal proportion of identical fossils,

with the Devonian and carboniferous systems of Europe, as shown in the

works above cited. If, therefore, physical conditions have wrought out

such changes in the fauna of a particular period, in the space of three hun-

dred miles, in what we know to be a continuous formation, we are certainly

warranted in believing that changes as great as these may have occurred

elsewhere.*

The arenaceous and argillaceous deposits, which we trace uninterruptedly

over so wide an area, and which present to us such gradual and almost im-

Eerceptible changes in the fauna when studied continuously, would, if bro-

en up and isolated so that they could not be traced consecutively, present

the same phases which are exhibited by the systems in Europe to which they

are related.

From all these facts there seems to be but one conclusion, and that is,

in the British islands particularly, either there are remarkable exceptions

to the general law in the continuation of species from one to another,

or that there is no foundation for a distinction between the Devonian and
carboniferous systems.

We are quite aware of ihe objections which may be offered to these argu-

ments ; but, before we can admit them, we must inquire on what principle

have the systems of cur palaiozoic strata been established ? We hailed with

gladness the promulgation of the " Silurian System," which developed from

* Referring to the paper of Mr. Sliarpe before alluded to, we find the greater part of the spe-
cies cited from the Hamilton and Chemung groups to bo Brachiopodr., which, particularly in

the Hamilton group, occur in the western division, while they are few and comparatively rare,

in the eastern part of the State of New York. Of the list of species from this group, I find

Avicula Boydii, A, quadnda, Atryjta nucnla and Orthoccras artieulatum, (one-fourth of the
whole) identical with Ludlow species. The Avicula and other Lamellibranchiata are abun-
dant in the Hamilton group in the eastern part of the State of New York, and compara-
tively rare in the western part. Now in Mr. Sharpe's table of species common to the two
countries, we find among the Lamellibranchiata, Avicula, of whiph there are seventeen spe-
cies in Mr. Lyell's collection : of these, fourteen are placed under the head of Devonian, and
recognized as identical with European species there occuring, while two of these are Ludlow
species. Again, under Cypricardia, there are nine species in the collection, of which one ia

recognized as identical with a European species. Under the head of sundry genera, we find,

in the same list, twenty-five species indicated as contained in the collection, of which not
one is recognized as European. These twenty-five species are Lamellibranchiata, from the
eastern part of the Hamilton group, and are of those very characteristic forms before noticed,
which have a greater j rialogy with fossils of the Ludlow rocks than with any other. It is

worthy of notice, that of forty-eight species of this family, placed by Mr. Sharpe under the
head of the Devonian system, four only have been recognized as identical with European
species ; and of these four, two from the Hamilton group are identical with Ludlowspecies.
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chaos and uncertainty that beautiful system, marked both by physical anJ
Zdological characters. The Devonian system came to us far less distinctly

narked either by its physical or zoological features ; for, on the one side it

was clearly and unequivocally related to the Ludlow rocks of the Silurian
system ; and, on the other, as intimately connected with the carboniferous,
by its zoological characters.

In the great development of strata holding this place in the series, we
still find these characteristics. If what has been published in Europe as

carboniferous, belongs really to that system, we can come to no other con-
clusion than that above indicated ; for, in our undisturbed and continuous
series, the order of succession is most clearly understood. In view of the
facts which we have cited, we are unwilling to regard the question of par-
allelism as decided, and wo insist upon the zoological evidence from those
forms and those types best entitled to give the character. The distinction

of systems by zoological characters is not to be made in one case upon
primary, and in another upon subordinate and secondary characters; and if

the whole palaeozoic series is to be divided on a certain principle, it must be
applied in every instance equally.

We cannot avoid the conclusion, that, if we adopt the Devonian system
with the limits suggested by foreign writers, we must drop forever the
attempt to recognize the Ludlow division of the Silurian system. We can
hope for no species equivalent to the peculiar forms in the Schoharie grit

and Onondaga limestone, and the numerous bivalves in the Hamilton
group; and, in giving up this and attempting a reconciliation of oar groups
with the Devonian, we find that we are encroaching upon the preexisting

claims of the carboniferous system ; and that we have no zoological types

of sufficient importance to enable us to separate one from the other.

Although it is not difficult to find the evidences of a general parallelism

in our successive groups with those of Europe, yet, when we come to more
minute and critical comparisons, the difficulties increase rather than dimin-

ish. This is more especially true of those subsequent in age to the Wen-
lock group of Europe, which has its latest phase represented in our lower

Helderberg limestones. If, for example, we attempt to find the exact

equivalents of the several groups of shale, from the Oriskany sandstone

upwards, by the general groups of species, and even by individual species

themselves, as far as they have been identified with European forms, we
meet with insurmountable difficulties. The relations of our divisions often

appear to be in two directions, w^hen we take for our standard the Euro-

pean classification ; and it is impossible to account satisfactorily for the ap-

parent divergence in the direction of groups as shown by the evidence af-

forded by the recognized species of European authors.

In the first instance, Spirifer Vrii and S. arenosus are rather carbonif-

erous than Devonian species in Europe, and should be regarded as a con-

necting link between these systems ; while, in this country, they occur in

the Oriskany sandstone, immediately succeeding the lower Helderberg

limestones, which are positively identified with the Wenlock series of

England. The Cephalopoda of the Schoharie grit and Onondaga limestone

find their analogues in the Ludlow division. The Cephalopoda of the

Marcellus shale, Goniatites, Discites, and others with which are associated

one or two STipr.iPS
-I

nf Ppndiiptns. allv fhaf rrrniir.
«v i\*h

system ; and, if we carx rely upon the position of the Goniatites of Indira,
we have positive carboniferous species in the black slate of the West. The



(Tsitial and
distinctly

}ne side it

e Silurian

oniferous,

series, we
Qurope as

)ther con-

ontinuous

;w of the

II of par-

om those

[istinction

:ase upon
s ; and if

t must be

m system
rever the

We can
harie grit

Hamilton
ir groups

•eexisting

cal types

!r.

trallelism

i to more
m dimin-

he Wen-
ur lower
he exact

sandstone

1 species

)rms, we
ons often

le Euro-
r the ap-

lence af-

carbonif-

is a con-

occur in

ilderberg

series of

imestone

1 of the

ssociated

Indiana,

}t. The

315 [4]

Hamilton gr.iiip, in its ru'Tierous Laraellibranchiata, and some species of

Orthncerntii coniiccts itself in ii very positive manner with the Ludlow se-

ricf! ; while, by its Hiiichiitpoda, it is relatoil to the Devonian and carbcni-

feroiis system*). The ('htiiuin<; ifroiij) through its liraeliiopoda is, on the

one side, lelaled to (he carboni'eron • system ; while, on the other, certain

loriiis imlicale a connection witii the Devoniiin. The liamellibranchiata of

the samu' group are, in part, referable to Ludlow forms; while others are

rccngni/ed as Devotiian speeies. The few fipecies of Cephalopoda known
in this gioup ally it also with the e.ubonili'rous period. The Onondaga
and corniferoiis limestones are related to the Devonian system through
some species -of Brachiopoda and Gasteropoda, which pass upwards into tne

Hamilton group.

If we attempt to express these ideas in a tabular form, so that the whole
subject may be brought before the eye at once, we appreciate the difficulties

in the way of arriving at satisfaetory eon'-lusions, so long as the systems of
European palanozoic strata remain under the |>resent arrangement, with the

lists of species at present referred to each.; nor will the dilficulties be di-

minished until the absolute sequence of groups, from the Wenlpck upwards,
is determined in England and on the continent of Europe,

;

W-

III

•1



ft

'fr

I-

I

[ 4^ 310

This diagram explains the views

winch we eiitcrtain, and which ap-

pear unavoidable, rf^arding the rela-

tions of our groups with those of

Europe, where generic resemblances

and the identity of species are made
the foundation of our opinions. We
have constantly before our eyes a

more complete series of palaeozoic

strata, than has as yet been recog-

nized in any other part of the world.

We know that the order in which our

groups are arranged is the order in

time. Where the succession is made
out from the examination of isolated

deposits, the order may not always
be the true one ; or, at least, it will

be impossible to make the proper al-

lowance for range of species, or to

distinguish so clearly the changes

which may have resulted from litto-

ral and deep-sea deposits. Our nu-

merous subdivisions, though they

may be united in fewer groups, are,

nevertheless, important; for every one

of them is marked by a distinct mter-

val of time, and the changes in the

character of the deposit indicate

changes in the operating influences

not to be disregarded. Where the

records between two distinct point**

of time are the most numerous, and

the intervals of least duration, th«ere,

certainly is to be found the most per-

fect record of the history of the pe-

riod. In geological history, we must

regard the series which presents to

us groups of one age, of less conse-

quence than another which presents

such an apparently single group, sub-

divided into several ; each one being

the evidence of successive changes

which are recorded in beds of different

materials and characterized by hiero-

flyphics not to be misinterpreted,

o long as we adopt zoological char-

acters in the designation of groups,

and acknowledge these as the most

reliable evidence of the age of strata, so long must we recognize those

phvsical subdivisions which contain peculiar groups of species, or types of

certain genera ; and such a group must be recognized as a zoological period.

The following table expresses the result of the comparison of respective
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groups made, both by European writers, who have examined our rocks

and iossils, and by us. This comparison is founded on the arrangement

adopted by Murchison in his "Silurian System," and the subsequently pub-

lished species referred to that system.

Table of Equivalents.

t , . „„„ „, .„„ i ? Trenton limestone, in part.
Llakdeilo flags,

j
, utica slate.

Cakadoc sandstone.
Hudson-river group.

Clinton group, in part.

Clinton group, in part.

Wenlock series. I Niagara group.

Lower Heldcrberg limestones.

Upper Helderberg limerlones.

Hamilton group.

Chemung group.

Red sandstone and shale

of Catskill mountains.

Ludlow series

and

Devonian system.

Or, with more detailed reference to our rocks, as follows :
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CHAPTER XIX,

ON THE OBSERVED FLUCTUATIONS OF THE SUBFACES OF THE UtXEB,

B7 0BABI.ES WBITTIiEBET.

Indefinite Character of the early Observations.—Sources of Information,—
Supposed periodical Rise of the Waters erroneous.—Difficulty of redu-

cing the Observations to a common Standard.—.Annual Rise.—Different

Zeros of Reference.—Depression of 1776.

—

Rise of 1802.

—

High Water

of 1815.

—

Low Water of 1819-20.

—

Tables, showing the various Stages

of Water at Cleveland ; at Detroit ; at Black-Rock and Buffalo.—Effects

of Winds in raising and depressing the Surfaces of the Lakes.—Xfo o6-

served tidal Movement.-Transcripts of Rain-gauges at various Stations.

Those who have examined and compared the recorded observations of

the rise and fall of the surfaces of the great lakes find themselves greatly

perplexed in arriving at exact results. The earliest information, upon
which any reliance can be placed, is given by the pioneer settlers who began
to occupy the southern shore of Lake Erie as early as 1795-6. They,
however, only give general impressions and recollections. In 1814-15 their

attention was forcibly drawn to the subject by a very high stage of water,

which interfered with their buildings adjacent to the mouths of rivers,

which then served as harbors for the few schooners by which the western

commerce was transacted.

About the close of the war of 1812, the late Brigadier-General Henry
Whiting commenced a series of personal observations upon the fluctuations

of the Detroit river, at Detnct, and these observations were resumed in

1828 by E. A. Hathan, a civil engineer connected with the water-works of

that city.

In 1830, Dr. Douglas Houghton began his observations upon the rise

a"d fall of the upper lakes, abstracts of which are given in the Michigan
geological reports for the years 1839 and 1841. Since the opening of the

N[ew York and Erie canal in 1824, many observations have been made by
the state engineers and referred to the raitre-sill of the guard-lock at Black
Rock, as a zero. These have been published, from time to time, in the news-
papers of Buffalo, particularly in the Commercial Advertiser, but we are not

aware that they have ever been collected in a coruiected and systematic form.

In 1844, when Colonel T. B. W. Stockton took charge of the govern-

ment works at the harbor of Cleveland, Ohio, he caused a meteorological

table to be kept, which is very complete and reliable. From August 1845,

to August 1846, inclusive. Colonel Stockton added a water-table. The
observations were taken at 6 A.M., at noon, and 6 P.M., by Mr. George
Tiebout, which, by the kindness of Mr. D. P. Rhodes, late disbursing agent,

I have in ray possession.

While connected with the geological survey of the state of Ohio, I col-

lected some information relating to this subject, which was published in the

report for the year 1838-9.

i 1
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From August to December 1838, Mr. George C. Davis, of Cleveland,

kept a daily register, and since that time I have made occasional measure-

ments at the same place.

In the month of November, 1850, Mr. John Lathro;, t, resident engineer

of the New York State canal, commenced at Buffalo a register of the stage

of the water at that place, twice each day, referred to the bottom of the

canal as zero, a portion of which is given below.

These are the sources of information within my reach, and I deem the

subject of sufficient importance to find a place in this report, not simply as

a matter of general interest, but of practical utility ; smce all public con-

structions upon the lakes should be built in reference to the extreme fluctua-

tions of the water-levels. There are sites of towns laid out during a low
stage of water, which in after years have been flooded to the depth of

several feet ; and others surveyed in a high stage, counting upon a sufficient

depth of water for harbors, docks and shipping, which were left by the

reflux at an inconvenient distance from navigable water. An erroneous

opinion prevails in the lake region, founded on Indian and French traditions,

that the rise and fall of the water is periodical, occurring once in seven

years, but an examination of the records of the past twenty-five years will

afford no grounds for this belief. It has been the popular impression that

there was something mysterious in these secular fluctuatiors, and that

they were in no way connected with the vicissitudes of tu:- - *:..ons ;
— a

belief which may be easily accounted for, when we take i '« ount the

immense size of the basins of the great lakes, and the length or time neces-

sary for the accumulation of water in such capacious reservoirs to become
sensible to the eye. A comparison of the rise and fall of the water of the

lake with the recorded observations of the rain-gauge, will show con-

clusively that the surfaces of these great bodies of water rise gradually

after an unusually large amount of rain has been falling durmg one .»• more
seasons, and that, on the other hand, they fall after a long period during

which the quantity of rain has been less than the average ; obeying in this

respect, the same laws which influence other collections of water.

It will be more satisfactory to the philosophical inquirer and more relia-

ble for the use of future observers, to give the statements of different authors

fiom which I have drawn some conclusions, in their own terms. It will be
seen that it is no easy task to reduce the recorded observations to one
standard, since some are made from memory alone,—such being the best

and only authority prior to 1814—while others were taken on rivers a little

distance from their outlets, where the stage of water was influenced by
floods. Even those observations taken at the surface of the lake are sub-

ject to variations, resulting not only from visible causes, such as winds and
storms ; but from distant and invisible ones, such as swells and sudden
risings.* Thus, at Cleveland, the surface has been known, in perfectly

calm weather, to rise and fall suddenly from three to eighteen inches ; but

usually within a few hours the cause became apparent in the approach of a
gale or storm. One of the uses of the magnetic telegraph is to inform the

mariner in port of the prevalence of storms elsewhere, before they burst

upon him.

The different lakes do not rise or fall at the same time- but in succession
J

as the several mill-ponds on a stream are known to fill, during floods, in

• See Chapter II. Part I. of Foster and Whitney's report.
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order—beginning Vrith those nearest the source, and to discharge themgelve^

in the same order. The successive basins of the lakes are so many ponds
or enlargements of the St. Lawrence. There is, besides, an annual rise and
fall which is not equal in different years, and not precisely uniform over ihe

whole area, during the same season. Taking the best observations at dif-

ferent points of the same lake, as for example, at Buffalo, Cleveland, and
Detroit, for the same year and month and comparing them with each other,

discrepancies are apparent in the amount of rise or fall for the same period

IIS deduced from measurements at different places. Another source of diffi-

culty arises from the different zeros referred to by the different observers.

For the zero at Cleveland, in 1838, I made use of one of the courses of

masonry on the east pier of the harbor at its southern extremity, being then,

the bottom of the Jint course from the top ; but since-the coping has been
laid, it is, at this time, the second. This line was used because it cor-

responded with the highest permanent stage of' water within the' memory
of white men ; and being intended to last so long as commerce shall be
pursued on the lake, it was considered sufficiently permanent ; but since

that period, portions of the work have subsided a foot' or more, and it has
been found difficult to restore the zero-level by other marks. The zero

of June 25, 1838, was six feet below the surface of the southern end of

tixe parapet-wall as it now stands—October, 1851.

Dr. Houghton and General Whiting took the lowest known stage 'for

their zero, which, according to their best information, occurred June, 1819

;

but other authorities—and they are numerous—fix the lowest known stage

late in the summer of that year, and also in August, 1820. The difference

between 1819 and 1838, at Detroit, is five feet three inches. It is a general

tradition that in 1809 and 1810 Lake Erie was even lower than in 1819
and 1820. There is no evidence that, since the settlement of the region by
the whites, Lake Erie has been higher than in 1838; but at Buffalo and
at Detroit, the highest stage is said *:o have occurred in August, _ while at

Cleveland it occurred on the 25th of June. During that month and the

succeeding July, there were several swells , which lasted for a few hours

or perhaps a day, when " the waters rose in the extreme, eighteen inches,

flooding warehouses and offices ; but these oscillations were too rapid to be

classed among the regular fluctuations of the lake.

The Detroit river, with a strong current and » crooked channel, *'is not as

good an index of the flux and reflux of the water as the open lake itself,

provided the observations are freed from the sudden influence ot winds.

With these cautions and explanations, I proceed to give full quotations irom
the authorities above cited.

In the year 1796, the water was low in Lake Erie, as all the early set-

tlers in the Western Reserve agree. They state that they were able to

travel with teams on the beach of the lake, most of the way from.Buffalo

to Cleveland—there being no road on the shore—and that it has never been

so broad and continuous since.

In 1798, a rise was observed in the lake. Dr. Houghton* says that

our oldest inhabitants agree in stating that the waters were high from

1800 to 1802, in proof of which it is alleged that th^ roads which had
before been in use on the banks of the Detroit river were so completely

* Michigan Geological Reports, 1839, p. 22.

\
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inundated as to be impassable* As a comment on this, it ht'^M be observ'

ed that Detroit has been occupied by the Frei. h since IV t 3, and If^ in the

intervening centu-^ , there had been higher water, the recollection of the

event would ha\e been preserved by tradition, and their roads would have

been laid at a greater distance above the river.

For 1806, the inhabitants along the shore of Lake Erie, in north-eastern

Ohio, report the lake as low, and for 1810-11, as very low ; at least six

feet below 1848. " From the years 1809 to 1814, inclusive, the water was
generally two feet lower than in 1820. The reefs between this (Buffalo)

and Fort Erie were then entirely out of water, but now covered ; and on

Bird's Island, which, for many years past, has been almost wholly under

water, buildings were erected."! i

Mr. Alonzo CarJ;er of Cleveland, who lived at the mouth of the Cuya-

liog."* river in 1798, says, that the water was then three feet below the

flood of 1838, and that the high water of 1815-16 was not equal to that

of 1838. Mr. Solonon Juneau, the first settler of Milwaukee in 1838, re-

marked that the water had never, within his recollection, been so low as it

was in 1820 ; and never so high as in June, 1838, when the old Indian

race-course was six feet under water. The inhabitants along the southern

shore of Lake Erie concur in their recollection of ?- rise from 1813 to 1816.

In 1814j Captain Dobbin, of the revenue service, measured a rise of two

feet six inches in three months. Mr. M. Sandford of Erie says, that he

took out stone from a quarry in 1810, which in June, 1838, was six feet

under water. In June, 1815, he built a ware-house five feet above water,

to which the flood reached in June, 1838, and, during the year 1815, it

advanced three feet.

" It is now a matter of record," remarks General Whiting, " that, in

, 1814-15, the Detroit river was unusually high ; that the foundations of

houses, and much land that had long been under cultivation, were submerged.

These buildings had been erected many years before, and, of course, under

• We here append tho testimony ofthe lato Governor Dewitt Clinton, a highly competent
observer, contained in tho second volume (Part I.) of the Transactions of the New York
Literary and Philosophical Society, which appears to have escaped the attention of Mr.
Whittlesey. " Lake Erio began to rise in 1811 and continued to increase until 1815, when
it was two feet higfter than ever known. The overflowing of the waters destroyed trees on
the low lands more than two hundred years old, and tho inhabitants of Detroit', which is an
ancient settlement, had never seen or heard of such a rise before. It fell a little in 1816,
rose again in 1817, and decreased until 1822. In 1810, 1 walked on Bird's Island, situate at

the outlet of Lake Erie. In 1816 it was almost covered with water and was scarcely visible.

I am informed by an intelligent ship-master of the lakes that ' when he visited Detroit in

17C7,the waters were at their height. He went South tho following year and did not return

to that place until 1802, when he found the waters considerably lowcs.' [There is great

discrepancy between this statement and that contained in the text.] ' Having understood
that there was a rise and fall every sev n years, he determined to ascertain how great it was

;

for which purpose he caused marks to bo made on a solid wharf, which had been built more
than twenty years before, and was perfectly firm and immovable ; and he found that the
water declined about an inch a year for nine years. What the fall was for five years during
his absence he did not know, but it may be fairly stated at three times as much yearly ; that

is, fifteen inches, if compared with subsequent occurrences of a similar character. The
lake began to rise again in 1811, in the spring of which it rose six inches, but during the

Bummor it fell two inches. In 1812 it rose fourteen inches and subsided three inches, leaving

a nett gain of flfteenrtnches in two years. The surrender of Detroit to the British, in Octo-

ber, 1812, compelled him to leave the country ; but in October, 1813, he returned with the

fleet, and the water was then at its greatest altitude, having in that year gained twelve

inches—in all twenty-seven inches. In 1814 and 1815, it was stationary. In 1816 and
1817 it fell at least eighteen inches."

—

F. ir W.
t Buffalo Commercial Advertiser, November 12, 1841.
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belief that they were aloof from all but extraordinary elevations. • • •

In 1820, or about that time, the rivers had resumecl their usual level and
several wharves were built, at Detroit, between that year and 1828, at a
height, as was supposed, sufficifntly above the general level for conve-
nience and safety. At the latter date, the river had again attained the ele-

vation of 1815, and remained so until 1830."

Dr. Houghton* remarks, " I have been enabled to fix, with a considerr-

ble degree of certainty, upon the height at which the waters of the lake

in 1819-20, when they were at their lowest level," From a comparison
of his own observations on Huron, Michigan, and Superior, with those of

Mr. Higgins, General Whiting, and Mr. Hathan, he was enabled to form a
table of heights, for the month of June, in each year, taking the lo\»cai.

stage of water for 1819-20 as the zero.

June, 1819-20
« 1828
« 1830
« 1836
" 1837
« 1838

Were the difference in height computed Irom February, 1820, to June,

1838, the total amount would be increased to about six feet eight inches.f

It will be readily se!?n, by the statements already given, how difficult it

is to reconcile them to each other; and, before proceeding farther, I will re-

fer again to the annual rise and I'al], amounting to twelve and sometimes

eighteen inches, which is strictly periodical, as will appear by the tables

that follow, and wholly disconnected from the phenomena of the geners'

rise and fall, w^hich is very irreguhir, recurring at periods of many years

duration. In this way, some of the conflicting reports as to the stage of

the water, that every iiiquiror meets with, may be reconciled. The annual

tide takes place, whetlier the lake be low or high, and is at its flood in the

spring, after the rains of that season and the snows of winter, melted by
the warm weather, have uni*:ed in throwing a surplus of water into all the

lakes. In the fall and winter— when the meteorological conditions are re-

versed, and the absence of rain and the presence of frost unite to check the

discharge of water from the tributaries— the lakes, as might be expected,

recede twelve, .^fteen, and even eighteen inches.

Availing myself of the information derived from Messrs. Walworth,
Merchant and others, who were engaged in the construction of the piers at

the mouth of the Cuyahoga river, at Cleveland, from 1824 to 1837, 1 have

constructed the following table '.%

Ft. in.

1822, lowest stage, below ray zero of June, 1838, at least 5 00

1825, " " " " " "
1826, general level, „ _ - -

1832, « « - - 2 ft. 6 in. to

ISflR . .. - . •^ ft. 8 in. to

4 00
2 10
3 02
3 08

W
^
i;

• Geol. Rep. of Michigan, for 1839, p. 23.

t Geol. Bep. Michigan, 1839, p. 24.

i Geol. Rep. of Ohio, p. 61.
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1834,

1835,

1835,

1837,

1837,

1837,

1838,

1838,

1838,

1838,

1838,

1838,

1838,

June,

June,

September,

January,

June,

September,

May 10,

June 12,

June 25,

July 12,

August 18,

October 18,

December 1,

Ft. tn.

3 07

zero.

10
04

01f\,
07
06
00
04
00
03
09

1 09
1 llj

From the 18th of August to the 18th of October, 1838, Mr. Geor^w C.

Davis, of Cleveland, kept, at his office on the dock, a floating register,

Avbich was noted many times a day. Considering the accuracy of these

observations, which were freed from the sudden changes which result from

winds, I give the weekly mean for those two months :— the numbers express

the average of each week below my zero :

August 24,
" 3i;

September 7,
« 14,
« 21,
« 28,

October 5,
" 12,
« 18,

Ft.

1

1

1

1

1

1

1

tn.

09.29

10.43
01.07
01.57
03,57

04.29
06,00
07.00
09.00

These measurements show how liable general statements, from memory,
are to error. A very observing man might have taken the height of the

water at Buffalo, in August, and, only a few weeks afterward, during the

same season, at Cleveland, and reasonably have concluded, in the absence

of strict data, that the surface at the former place had not materially

changed in the mean time ; but it is here shown, that a change of one foot

in depression occurred in the space of two months. These rapid fluctua-

tions give rise to doubts in all statements where the precise date is wanting.

The same thing renders a reference of one set of observations, in one part

of the lake, to another set, made .'t different seasons, in another part, a

very complicated affair : nor is it entirely safe to take the same month, in

different years, and compare them together; for neither does the spring rise

nor the winter fall always happen at the same period of the year ; nor is

the annual flood-tide of one year equal to that of another.

Different observers do not agree as to the precise time of either the high-

est or lowest general stage of the water. At Cleveland it was unquestion-

ably the highest about the 25th of June, 1838, when it was two feet five

inches below the surface of the main wall at the south end of the east pier

;

two feet below the same wall four hundred feet from the south end ; si.x feet
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part,

in

four inches below the coping of the lock at the Cuyahoga river, at Merwin
street (on the west wing-wall); three feet eighty-eight hundredths below

the water table of tt Commercial House, corner of Main and River streets,

Ohio City ; and wa ^Iso on a level with the heads of the piles on the river,

at the Morocco factory.

These marks and benches were established by Mr. Howe, the resident

engineer of this division of the Ohio canal ; by General Ahaz Merchant

;

by Col. T. B. W. Stockton ; and by myself, independently of each other,

and will probably, some of them, remain for future reference, through all time.

I am unable to find in these tables any confirmation of the popular belief,

that there is a " seven years' rise and fall" of the water in the lakes.

The Detroit registers show a continual rise, from 1819 to 1838, or nine-

teen years. From 1838 to 1841, a continual decline of three years. In

1842 a slight rise. From 1842 to 1851, eight years, a regular decline.

At the other extremity of Lake Erie, accounts differ as to the fact of the

lowest water being in 1819 or 1820 ; but the difference between those

years was slight. At Black Rock, the highest stage of water is stated to

nave been in August, and not in June, 1838 ; but at Buffalo it is given in

the month of June. Some observers place the lowest water in August,
and some in the fall of 1819 ; others in that of 1820 ; and at Buffalo

there is a tradition that in 1810 it was still lower. From 1838 to 1841
there waf a decline of three years, the same as at Detroit. From 1841 to

1851, ten years, it has been fluctuating up and down, about as much 'ise

as fall ; that is, the total rise 2.75, total fall 2.56. At Cleveland, from M
to 1810-11, the water was low, fourteen years ; from 1811 to 1816, five

years, rising very rapidly ; from 1816 to 1819, three years, falling raj)idly

to the lowest known point ; and from 1819 to 1838, nineteen years, a steady

rise. Since 1838 there has been a steady decline to March 1846, the low-

est since 1819, and since 1846 considerable fluctuation and irregularity.

Among all these periods, there is none ofseven, and just one of fourteen years.

These tables demonstrate the effect of the change of seasons withm the

year upon the stage of water. They show an annual rise and fall entirely

mdependent of the general height of water fluctuating a certain distance

within each year, whether the general surface is high or low.

The average or mean annual difference of four well ascertained

years, at Cleveland, is - 1ft. 3in.

Of eight years at Detroit 1ft. 2^10.

Of four years at Buffalo Oft. lOJin.

Mean of all annual differences Ift. 1 Jin.

No observer of registers has discovered a daily or lunar tide.

The greatest range of general surface of the lake, at Detroit, was,

between August 1838 and June 1819 5ft. 3in.

At Black Rock, between August 1838, and August 1819, or 1820, 5ft. 3in.

At Buffalo, between June 1838 and August 1819 5ft. 3in.

At Cleveland, between June 1838, and the fall of 1819 5 to 6ft.

The greatest extreme and temporary range noticed in the register, oc-

curred between the same years, and are given as follo'us :

At Detroit - 6ft. Sin.

At Black Rock - 7ft. Im.

At Cleveland <.-— ---- 7ft. Oin.

i I Hi

it
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Abstract of Colonel T. B. W. Stockton's Register J01 1845-6—Cleveland.

The figures show the depression of the water-surface below June, 1838,
giving the mean of each week's observations three times a day.

The three lines of figures under the head of the month, represent the

mean height at 6 A. M., at Noon, and 6 P. M., daily, for each week.

Month. First week. Second week. Third week. Fourth week. Monthly
mean.

1846.

•

Btlow zero.

Augutii. 2 ft. 9 in. 2 ft. 8.9 in.

Wanting. Wanting. 2 ft. 6.7 in.

2 ft. 7.6 in.

2 ft. 8.9 in.

2 ft. 9.1 in.

Septemltor. 2 ft. 11.4 in. 2 ft. 11 in. 3 ft. 0,8 in. 8 ft. 1.7 in. 3 ft. 0.8 in.

2 ft. 9.1 in. 2 ft. 11.3 in. 3 ft, 0.1 in. 8 ft. 0.6 in. 2 ft. 11.2 in.

2 ft, 8.8 in. 2 ft. 10.7 in. 2 ft, 11 in. 8 ft. 0.9 in. 2 ft, 10,8 in.

October. 8 ft. 2.3 in. 3 ft. 2.3 in. 8 ft, 8,0 :.i. 8 ft. 3.7 in. 8 ft, 2.76 in.

3 ft. 1.7 in. 3 ft. 1.8 in. 3 ft. 0.3 in. 8 ft. 8.9 in. 8 ft. 1.8 in.

8 ft. 0.3 in. 3 ft. 0.9 in. 8 ft. 2.1 in. 3 ft. 3.8 in. 8 ft. 1.8 in.

Novembc- 3 ft. 2 in. 3 ft. 5.7 in. 3 ft. 8.4 in. 3 ft. 8.6 in. 8 ft. 6.18 in.

8 ft. 2.1 in. 3 ft. fl.l in. 3 ft. 8.0 in. 8 ft. 7.4 in. 8 ft. 5.9 in.

8 ft. 2.8 in. 3 ft. 4.8 in. 3 ft. 6.7 in. 8 ft, 5,6 in. 3 ft. 4.85 in.

December 8 ft. 7.6 in. 3 ft. 7.8 In. 8 ft. 10.6 in. 4 ft. 2.0 in. 8 ft. 9.9 in.

3 ft. 8.1 in. 3 ft. 7.8 in. 3 ft. 11.4 in. 4 ft. 0.6 in. 8 ft. 9.9 in.

8 ft. 6.0 in. 3 ft. 8.1 in. 3 ft. 10.0 in. 4 ft. 0.0 in. 8 ft. 8.8 in.

1846.

January. 4 ft. 0.0 in. 3 ft. 11.7 in. 4 ft. 1.3 in. 4 ft. 1.8 in. 4 ft. 7 in.

4 ft. 0.8 in. 4 ft. 0.4 in. 4 ft. 0.5 in. 4 ft. 2,0 in. 4 ft. 0.9 in.

8 ft. 11.5 in. 3 ft. 11.1 in. 4 ft. 0.0 in. 4 ft. 2.7 in. 4 ft. 0.3 in.

February. 4 ft. 2.1 in. 4 ft. 4.2 in. 4 ft. 0.1 in. 4 ft. 6.3 in. 4 ft, 4.7 in.

4 ft. 2.5 in. 4 ft. 4.2 in. 4 ft. 6.4 in. 4 ft, 6,3 in. 4 ft, 4.8 in.

4 ft. 2.3 in. 4 ft. 4.6 in. 4 ft. 5.7 in. 4 ft, 7,1 in. 4 ft. 4,9 in.

March. 4 ft. 8.8 in. 4 ft. 8.0 in. 4 ft. fl.5 in. 4 ft, 2,7 in. 4 ft. 6.6 in.

4 ft. 6.3 in. 4 ft. 8.1 in. 4 ft. 4.7 in. 4 ft, 2,6 in. 4 ft. 5,4 in.
I 4 ft. 6.3 in. 4 ft, 8.5 in. 4 ft. 6.3 in. 4 ft. 2,7 in. 4 ft, 5,7 in.

April. 4 ft. 1.5 in. 4 ft. 1.3 in. 4 ft. 0.3 in. 4 ft, 1,3 ?n. 4 ft. 1.1 in.

4 ft. 2.3 in. 4 ft. 0.3 in. 3 ft. 11.8 in. 4 ft, 0,3 in. 4 ft, 0,6 in.

4 ft. 1.3 in. 1 ft. 3.7 in. 4 ft. 11.3 in. 4 ft. 3,7 in. 4 ft. 2.0 in.

May. 3 ft. 6.0 in. 8 ft. 3.1 in. 2 ft. 9.0 in. 3 ft, 10.') in. 3 ft. 1.2 in.

8 ft. 6.6 in. 3 ft. 3.3 in- 2 ft. 10.0 in. 2 ft. 11.2 in. 3 ft, 2,0 in.

3 ft. 5.6 in. 3 ft, 3.5 in. 2 ft. 10.9 in. 2 ft, 10,9 in. 3 ft. 1.7 in.

June. 2 ft. 8.5 in. 2 ft. 10,5 in. 2 ft. 10.6 in. 2 ft. 10.5 in. 2 ft. 10.4 in.

2 ft. 11.4 in. 2 ft. 9.0 in. 2 ft. 10.1 in. 2 ft, 11.6 in. 2 ft. 10.5 in.

5 ft. 10.2 in. 2 ft. 10.7 in. 2 ft. 8.1 in. 2 ft. 11,2 in. 2 ft. 10 in.

July. 2 ft. 7.0 in. 2 ft, 8.8 in. 3 ft. 0.0 in. 3 ft, 2.4 in. 2 ft, 10.6 in.

2 ft. 8.8 in. 2 ft. 9.8 in. 2 ft. 11.3 in. 3 ft. 2,0 in. 2 ft. 10.9 in.

2 ft. 9.4 in. 2 ft, 10,8 in. 2 ft. 8.8 in. 3 ft. 2,0 in. 2 ft. 10.7 in.

August. 3 ft. 1.8 in. 3 ft, 1.7 in. 3 ft. 0.9 in. 8 ft. 1,5 in. 3 ft. 1.6 in.

3 ft. 1.4 in. 3 ft. 1.7 in. 2 ft. 6.7 in. 8 ft. 0.8 in. 2 ft. 11.6 in.

8 ft. 1.7 in. 3 ft. 1.4 in. 2 ft. 10.9 in. 3 ft. 2.7 in. 3 ft. 1.2 in.

The lowest stage of 1846 was in thu month of March 4 ft. 5.8 in.

The highest stage of 1846 was in the month of June 2 ft. 10.1 in.

Greatest difference of the monthly mean for 1&>16 In. 7.7.
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'leodand.

ne, 1838,

esent the

eek.

Monthly
mean.

Btlov) zero.

i ft. 0.8 in.

I ft. 11.2 in.

I ft. 10.8 in.

J ft. 2.75 in.

1.8 in.

1.8 in.

6.18 in.

6.9 in.

3 ft. 4.86 in.

8 ft. 9.9 in.

8 ft. 9.9 in.

8 ft. 8.8 in.

8 ft.

8 ft.

8 ft.

8 ft.

4 ft. 7 in.

4 ft. 0.9 in.

4 ft. 0.8 in.

4 ft. 4.7 in.

4 ft. 4.8 in.

4 ft. 4.9 in.

4 ft. 6.6 in.

4 ft. 6.4 in.

4 ft. 6.7 in.

4 ft. 1.1 in.

4 ft. 0.6 in.

4 ft. 2.0 in.

3 ft. 1.2 in.

3 ft. 2.0 in.

3 ft. 1.7 in.

2 ft. 10.4 in.

2 ft. 10.6 in.

2 ft. 10 in.

2 ft. 10.6 in.

2 ft. 10.9 in.

2 ft. 10.7 in.

3 ft. 1.6 in.

2 ft. 11-6 in.

3 ft. 1.2 in.

6.8 in.

10.1 in.

7.7.

The following average of each month in 1846 shows the perfect regular-

ity of the annual elevation and depression. If we had as perfect a tabic

for several consecutive years as we have for this, a yearly abstract would

show the general elevation and depression in the same way.

September, 1845, average

October, it «

November, « <(

December, (C ((

January, 1846, (t

February, (( «

March, (( it

April,

May,

« it

u

June, t( t(

July, u tt

August, il ft

Ft. in.

2 11.4

02.1

05.6

09.5

00.6

04.8

05.8

01.2

01.6

10.1

10.7

00.7

3
3
3
4
4
4
4
3
2
2
3

At Buffalo and Black Rock there is less regularity than elsewhere, show-

ing that winds, and the form of the coast, produce irregularities there that

are local.

For five years high water occurred there ; in July once, June once, May
once, August once, and October once. For the winter months, when the

water is low, the measurements are wanting.

At Detroit there are several years when there was little variation during

two or three months. Tu four years (not consecutive, but those best as-

certained) it was high in June and July three times, and August once, and
January, February, and March once.

At Cleveland, in five years well ascertained, high water has been, in June
four times ; and June, July, and August once ; low, in January once, De-
cember twice, March once, and August once.

So that out of fourteen cases, where the highest months have been regis-

tered, it has been high in June and July ten times, and in ten cases has been
low in December and January six times. It is like other ponds and rivers,

raised by the spring freshets, and lowered by frost and drought of winter.

At this time Lake Superior is unusually high. During the summer of 1851
it was about three feet above the general level of 1847, when it was unusually

low. Lake Huron is stated to have been two and one-half feet higher at

the Detour light than in 1847. Lake Michigan is reported to have been

higher the past autumn than for several years. The upper lakes being full

must discharge a large surplus into lakes Erie and Ontario, which will be

felt in the coming spring. If we have a cold and wet season, it will operate

at that time to assist the flood of water from the north in raising Lake Erie.

If it is warm and dry, it will counteract the effect of a large supply through
the Detroit river. Instead of regarding the rise and fall of water in the

lakes as a mystery, it is rather to be wondered that there is so little fluctu-

ation. Their stability is dependent entirely upon the regularity of the sea-

sons, within the lake country, and if there should be a combination of wet
and cold years, wherein the fall of rain should be great, and the evapora-

tion small, there might be a rise or fall exceeding any thing we have on
record.

*. lii

li
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Table showing the highest and lowest stage of water in Lake Erie, Jot
taeh month, from August 1845 to August 1846, inclusive, drawn at

Cleveland, from Colonel T. B. W. Stockton's Meteorological Record.

Zero of reference, the high water of June, 1838.

Mouths. Time.

Augnst, 1845.

September.

October.

Noreml/er.

Pecember.

Jaanaiy, 1846.

Febmary.

Much.

AprU.

H»7.

Jnn*.

Jnly.

Angoit.

Several times

a.m. 14tb

a. in. of 6th and m.
of 24th

Noon of 26th
8d, 6 p. ra

24th, 6 a. m
Eve of 2d and a. in.

of 8d
Horn of 19th, at 4
a.m. water settled

to 6 ft. 2 in. B, for

a short time
lit, morning
16th, morning
27th, noon

Slst, morning
10th, noon
18th, morning
10th, morning
21st, morning
SOtb, morning
7th, noon
26th, noon
27th, noon
80th, evening
11th, evening
At 3 p. m. 6 ft. 6 in.

B.
18th, evening, and

19th, morning
8d, noon
6th and 6th, noon. . .

.

2d, morning
20th, evenmg
2l8t, morning ,

80th, morning
14th, morning
11th, 6 a. m ,

2l8t, 6 a. m ,

18th, noon [average

of the 18th 2 ft.

0,6 in.]

80th, 6 p. m
At noon, 8 ft. 2 in..,

Winds, etc.

wind southerly.

.

lilgh south wind.

below°

2 ft. 6 in.

heavy north-west

.

light south-west.

.

high north-east. .

.

light south

2 ft. «in

2 ft. 8 ia

galo north-east. 2 ft. Sin,

strong south-weit. . .

,

gale north-east

breeze north

fresh breeze south-

west
high north-east

fresh south-west
fresh north

fresh north-west

high south-west
fresh west ,

light west
heavy gale north-east

,

do do
do do

heavy west

2 ft. 6in,

2 ft. 6 in.

gale north

light south
light north-east.

.

fresh north-west.

high north
gale north-east.

.

fresh south

breeze north . . .

.

light south

light south

breeze north

breeze north-east.

High
water.

3 ft. 4 in

3 ft. 7 In

8 ft. 10 in

4ft. 11 in,

3 ft. 6 in,

8ft. 10 in*

3ft,10in,

4 ft. in,

4 ft. in

4ft.lOin

8 ft. 6 in

3 ft. 6 in

3 ft. 6 in.

2 ft. 9iQ

2 ft. 6 in

2 ft. 6 in

2 ft. 6 in,

2 ft. 6 in

2 ft. 6 in

Ift.lOin,

Low
water.

btiow^

4 ft. 8 in.

6 ft. 1 in

6 ft. in

&ft. Oin.

3 ft. 9in.

3 ft. 9 in

8 ft. 2 in

3 ft. 4 in.

4 ft. 9 in.

Greatest
monthly

difference.

Oft. 10 in.
'

1 ft. 1 in.

1ft. 2 in.

2 ft. in.

2"ft.'6"in*.

1ft. 6 in.

1 ft- 8 in.

4 ft. 8 in.

1 ft. m.

1ft. 6 in.

1ft. in.

Oft. 8 in.

ft. 10 in.

2 ft. 11 in.
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Erie, jot
drawn at

al Record,

Greatest
monthly

difference.

6'ft! ibVn.
'

In. 1 ft. 1 in.

in.

• •

in.

• •

• • •

in,

ift.'izVn.

2 ft. in.

2 ft. 6 in.

Vn
)in.

'in.

I'in.

m 9 •

)in.

)'in'

• • •

j'in

iVn

bin

1 ft. 5 in.

1 ft. 8 in.

4 ft. 8 in.

Ift.O in.

id. 6 in.

Ift.O in.

. Oft.
8*

in*.

'. 2ft."iiVn.

It is apparent from this exhibit, that north-east winds and giAta pr^ail

over those of any other direction, and produce most uniform effects in heap-

ing or raisinf^ the waters at this place ; and also that south-west wihdtt

have the contrary efl'ect, and drive out and depress the water of the lake.

Of twenty-one cases of extreme high water above given, eight are due

to north-east winds, three to south winds, and three to north-west winds.

Of sixteen instances of low water, two are connected with north-east

winds, two with westerly, and five with south-west winds.

Hitfh water occurred oftener in the morning than at noon of evi^hiiig, tthd

the same of low water, which is in consequence of the changes that occur in

the land and sea breezes near the commencement and close of the day.

The water has been high in the morning (6 A. M.) ten times, in the eVen-

inc five, at noon twice.

It has been low in the morning seven times, at noon six, in the evening twice.

The greatest fluctuations taKe place in the morning ; of which the most
extreme case on these records occurred on the morning of November 19,

1845, after two days' light breeze south, changing to high south-west

winds. The water then fell twenty inches below the bottom of the stone

wall, or six feet two inches.

It is apparent, from the column of differences in the above table,

how little reliance can be placed on a single measurement, and how neces-

sary it is to have a daily register, in order to arrive at the mean surface of

the lake. Winds, not felt at this point, may affect the stage of water ma-
terially.

My observations at Cleveland from 1838 to 1851 have not been suf-

ficiently numerous or regular to be of much value—they are as follows

:

March 11, 1841 .

AprU 14, 1842 -

December, 1845 .

April 15, 1846 .

iune 20, 1850
1851.

Jan*ry 18,

Jime 5,
« 15,

July 2, 10 A.M.
« 6, <c ((

« 12, (( ((

« 20, (( u

« 22, 11 <c

« 23, t( (C

« 27, it «

August 3,
(( ((

" 7,
tl ((

Sept. 1^, 4 P.M.
Oct. 1, 5 «

2, 10 A.M.
8,

<( <(

« li, 3 P.M.
« 27. 4 <<

Below of June, 1838 Remarks.

2 feet 9 inches.

2 « 6 (( -

2 « 5 « ',

3 « 6 ((

3 « «

4 « 1 ((

1 "11 « calm.

1 "11 <( wind at north-eMt.

2 « 1 <( light off shore.

2 " 1 t( <( «

1 "11 « wind at north-east.

1 "11 (C west after long

north-east winds.

1 "11 « calm.

1 "10 <( calm.

1 "11 ((
after stronffW.wind
wind off snore.1 "111 ((

1 "11 (( " at west.

2 « 3 « calm.

2 " 3 a wind at north-east.

2 " 9 (( " off shore.

2 " 4i
(( calm.

2 " 5 « wind off shore<

2 " 7 <( "^ west; heavjTf

if

,

1

1

1

i

1

1
1

i

;

.. Ill
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The months of June, July and August, 1851, as here given, vary very

little, the average being about two leet below ; while in the correspoud-

ine months of 1838, there was a fall of nine inches. The results of tho

Cleveland observations arc,

Mean annual difference of level (in four best ascertained years).

Greatest annual difference of level,

Least annual difference of level,

Mean of observed fluctuations within the year (four best years),

Greatest do. do. do.

Least do. do. do.

For 1845-6, the mean of the greatest transient fluctuation for

thirteen months, as shown by the daily record, arising from
winds and storms, within each month, is

The greatest temporary height, from local and sudden causes^

such as storms, stool! (below zero),

The greatest de; "ssion, from like causes.

1ft. 3in.

2ft. 2in.

Oft. Oin.

2ft. Oin.

2ft. 3ui.

1ft. llin.

1ft. 5in.

1ft. lOin.

6ft. OOin.

Mr. S. W. Higguis, in tlu Michigan geological report for 1841, has

given a table of heights, referred to the same zero as those of Dr. Hough-
ton in the report of 1838, but differing slightly as the extreme rise of

1838 above the depression of June, 1819. It is as follows

:

1838. Aug. 21, highest water

1839. Jan. 1, minimum of that year
" July 31, maximum

1840. Jan. 30, minimum •
" July 4, maximum

1841. Jan. 1, minimum

5 feet 3 inches.

1 « 7 «

3 "11 «

" 9 «'

2 « 7J
"

« 6i
"

This table, like the one at Cleveland, exhibits a remarkably rapid decline

between August 1838 and the close of that year.

Mr. Higgms has also given in detail, his measurements during the year

1840, referred to the same zero, or the minimum of the summer of 1819.

1840. 1840.

Jan. 30, feet 9 inches. i Oct. 1,

April 25,

May 9,

- 2 " 2 « Oct. 12,
- 2 « 3i " Oct. 29,

June 8, - 2 «« 4J « Nov. 10,

July 4, - 2 " 7i « Nov. 24,
July 22, - 2 " 4J « Dec. 10,
Sept. 1, - 2 " 2 « Dec. 21,

1841.
Sept. 13, - 2 " li « Jan. 1,

Sept. 20, - 1 « 9 "

2 feet 1 inch.

1 « 9Jinches.
« 9
" lOi
« 6

^<(

((

((

((

((

(I

« 6i
«

This table, like that of Mr. Davis, exhibits a regular falling of the lake,

from its maximum in July to its minimum in January. For 1840 as given

above, the water fell from two feet seven and one-half inches to six ana one-

half inches— a decrease of two feet one inch in about six months; and
reckoning back from July 1840 to January 1840, the fall was one foot ten

vnd one-naif inches.
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iry very

•espoud-
Hydraulic Tower, Detroit, as zero.

1

11

} of tho

ft. Sin.

Dtt«. Below zero. Remark!.

Fttt.

ft. 2in. Jane, 1819. 8.45 Loweat itag*.

ft. Oin. do. 1880. 6.45

ft. Oin.
do. 1886. 4.79
do. 1837. 4.20

!ft. 3in. ,

Lft. llin. August 1888. 3.20 High«tt known itage.
September do. 8.44 I

October do. 4 19 1

Norember do. 6.29 f

Lft. 5in. December do. 6.20 [Mean of fkU of 1838, 4 . 28.]
;

January 1, 1889. 6.86 Lowest of 1889. {

lft. lOin. June 10, do. 4.77 ,

5ft. OOin. July 80, do.
September 20, do.

4.52
6.27

Highest of 1889.

341, has

. Hough-

October 28, do. 6.0?
November 27, do. 6.0: [Mean of 1889, 6.68.]

Lowest of 1840. \e rise of January .30, 1840. 7,i8
April 25. do. 6.27 > > t

May 9, do. 6.19 '
,

iches.
May 19, do. 6.28

'
t )

Juno 8, do. 6.18 ,'

(( July 4, do. 5.83 Highest of 1840.
(( July 22, do. 6.16 L
(( li

September 1, do.
September 13, do.

6.89
6.38 1

(t September 20, do. 6.70 W.

i> October 1, do.
October 12, do.

6.86
6.66 i

id decline
October 29, do.
November 10, do.
November 24, do.

6.70
6.57
6.95

''

j

the year

f 1819.

December 10, do. 6.91 1 j
1

December 21, do. 7.08 [Mean of 1840, 6.66.] "'

January 1, 1841. 7.92
.1 .

'«

February 2.., 1o. 7.92

linch.
March 17, ,lo. 7.95 Lowest stage 1841.
April 8, do. 7.56

9]^inches.

9 "

May 22, do.
June 14, do.

7.65
7.45

July B, do. 7.03

6 "
August 2, do. 6.61 Highest stage 1841.
Sjptember 18, do. 7.43

6i « Octoberl, 2,8,6 do.
October 11, do.

8.75
7.73

Low water from strong west winds.

^ "
November 18, do. 7.75 [Mean of1841, except October 1 to
December 2, do. 7.63 5, 7.65.]

6i "
January 31, 1842.

October 24, 1847.

7.58

6.10
' the lake.

as given

s and one-

March 21, 1849. 6.28 [Mean of 1889 below 1888, 1 .38 ft.

msy o, do. 5.58
do. 1840 below 1839, 0.99 ft.

do. 1841 below 1840, 1 .00 ft.

;.J

nths; and

e foot ten
Joly 6, I860. 6.68 Total 8.82.]

(;;

M
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At Black Rock) New York, we have, according to the Buffalo Commer-
cial Advertiser of November 12, 1841, the following table of comparison :

I

^ Month!. .

Depth of water on mitre-Bill. Depreasion for 1841
below 1840.

i!

1840. 1841.

H.J.
Ftet.

9.83
Fett.

8.60
Fttt.

0.86

Jane. 9.90 8.24 1.66

July. 9.88 7.80 1.48

Angnit. 9.40 7.80 2.10

Soptember. 8.80 «.76 1.66

October. 8.10 6.88 2.24

Mean 1.63 foot.

The same paper contains the sta^e of water Aur ilM month of August,

from 1820 to 1841, (with some omissions,) referring to the low water of

the first-named period as zero.

Rise ftom August 1820, to August 18!li», -

" « " 1828, " 1830, -

« « « 1830, " 1836, -

« « « 1836, « 1837, .

« " « 1837, « 1838. -

Fall from August 1838, to August 183#,
» « « 1839, « 1840,
« « « 1840, « 1841,

Ft. in.

2 06
00

1 00
06

1 01

9 OX

Fi. in.

103
1 03
1 10

404

The results of the various observations at Buffalo may be summed up as

follows

:

Mean annual difference of four best ascertained years, 0.89

Greatest annual difference - - - - 1.27

Least « « .".""" ^'^'^

Greatest temporary fluctuation within the year - 2.64
tnast " « " " - 0.80

Mean fluctuations " " - 1.40
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it may be thought that the observations are, at this time, sufficiently nu-

merous and accurate to warrant the construction of a general table of levels

for the last fifty years. If this could be done, it would have very much re-

duced the length of this chapter ; but there are so many discrepancies be-

tween the different registers which I cannot at present reconcile, that I have

thought it best not to attempt to fix a general zero or plane of reference.

A general and well arranged system of synchronous observations, kept up
for some years at different points on the lakes, is needed before a complete

comparison can be made.
If we follow the register at Black Rock, the water was four inches higher

in August, 1838, than in June ; while at Cleveland, on the other hand, it

was nine inches lower. At Black Rock, in August, 1841, it was within

nine inches of the lowest known.level, that of 18l9; but, at the same time,

it was not so low at Detroit as in August, 1819, by one foot ten inches.

The average fall of the water at Detroit for the year 1841, was one foot;

at Black Rock the average fall from May to October of the same year, was
1.63 feet ; which is even less than it would have been for the entire year.

The average of the summer months of 1840, at Detroit, was two feet

ten inches above the level of 1819, and at Black Rock, two feet two inches;

thus showing a diff'erence of eight inches in the amount of rise at the two
places during the same period.

By using the observations which were made at Cleveland and Detroit

during the months of September, October, November and December, we
might determine the difference between the zeros of those two places, pro-

vided that the rise and fall of the river and lake were equal.

Thus the observations for four months at Detroit, according to Mr. Ha-
than, give for the level of the water at that place, four feet six inches below
zero ; the observations at Cleveland for the same period, give an average of
one foot one inch below the zero of that place; making the zero of Cleve-

land three feet five inches below that of Detroit.

According to the observations made by Mr. Lathrop and myself during

the months of June and July, 1851, at a time whcii the lake was little dis-

turbed by winds, the average level of the watfu- was, at Buffalo, 9.41 feet

above the zero of that place, and at Cleveland 2 feet below (' '^ zero of

that city; making the zero of Cleveland 11.41 feet higher than hat of

Buffalo.

But if we reduce the observations at Black Rock to the standard, we lind

that the low water of October, 1841, was below the level of 1819, when it

is universally agreed that tliis was the lowest known stage. Mr. Lathi op
remarks, that the depth of water on the mitre-sill of the guard-lock at Black
Rock is very much influenced by the mills which are fed from that basin.

The records show that, from some cause, the fluctuations are greater at

Black Rock than at either Cleveland or Detroit, so that, whatever may be

the cause of the error or difference, the registers at the eastern extremity o

the lake are not a safe index of the level of the water elsewhere. The fail

at Black Rock from August, 1838, to October, 1841, was five feet nine

inches ; while at Detroit, it was only three feet four inches during the same
period. Cleveland is better situated than Buffalo for the purpose of regis-

tering accurately the iliictuations of the lake ; for, while the former city

is nearly midway between its two extremities, and opposite its widest part

;

the latter city, on the other hand, is placed at the vertex of a triangle formed

by the sides of the lake, and at its eastern extremity, ^o that the waters are

If

m
111

|.ir;|i

!?Ji
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crowded by a south-west wind into a constantly narrowing space, and of

course rise higher than they would otherwise do. Thus, during a gale,

which blew down the lake on the night of the 18th of October, iS49, the

water rose fifteen feet six inches above the point to which it fell during an
easterly gale, on the IBlh of April, 1848. The greatest sudden change
noticed at Cleveland, was November 19th, 1845, when the water fell 2.5

fbet. At Chicago the level of the lake is said to have oscillated through a

.space of four feet during twenty-four hours, in June, 1851.

The greatest range of one month at Cleveland, was in August, 1845, when
the difference between the highest and lowest stage of water was, according

to Colonel Stockton's tables, two feet eleven inches. The greatest range of

the fluctuations, in 1845 and 1846, was three feet three inches. The regis-

ters of Colonel Stockton and Mr. Lathrop show that the greatest oscillations

of the lakes are due to south-westerly and easterly winds ; but these winds
dfepress the water at Cleveland, while they raise it at Detroit.

If our materials were sufficiently ample to enable us to form a general

table, expressing the mean monthly stage of the water for an -.ninterrupted

series of years, the annual rise and fall could easily oe exhibited by curves

constructed upon the measurements as ordinates. The relations between the

observations at Detroit, Cleveland and Buffalo, are, however, as yet too im-
perfectly understood, and the registers are incapable of being reduced to one
plane of reference. They are here, therefore, collated and arranged for

future use; but before leaving the subject, I will draw up a tabular state-

ment, showing the time of the year when high or low water has been ob-

served, and the amount of the annual rise or fall for the few years covered
by the registers.

Table showing the annual Rise and Fall of Lake Erie.

D«te. High water month. , Low water month. Greatest differ-

ence.

Place.

1887. January
Feet. Inches.

Cleveland.

1887. June 11 rise. Cleveland.
1888. June Cleveland.
1838. Auffust s 8 fall... Detroit.

1889. January
U89. July >
I84d. January 3 2 mil... Detroit. '

1810. juiy .'....*.'*.'.*.' .'.*!!!'... Detroit.

1841. Jan., Feb. and March..

,

2 Ifall... Detroit.

1841. August Detroit.

December, January
March

1 OTall... Detroit.

1846.

1816. ( June
, 1 7 rise.

.

Cleveland.
1860. NoTember
1851. July 1 8 rise,

,

Buffalo.' '

1
I

Now it does not follow that if observations had been taken at all these

f
laces since 1837, the time of high and low water of each year would have
een the same at each place, or even that it would have fallen in the same
~**~**' There are many circumstances to be considered, such as the unin<ynth.

ecj^ual amount of water received and discharged by each lake ; the different

wmds and the opposite effect of the same wind blowing over the diflerent
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lakes ; so that it is evident that there must be undulations of level and accu-

mulations of water at one point, for days or weeks together. A south-west

wind sweeping over Lakes Michigan, Huron and Erie operates quite differ-

ently upon their surfaces. While it accelerates the discharge of the water

from Lake Erie, and lowers the surface of that Jake at its western end, it

checks at the same time the (low from Lake Huron ; thus operating in a

two-fold manner io depress its surface. A i.orth-east gale, on the other

hand, forces back the water of Lake Erie and increases the uischarge of

Lake Huron, so that there is a corresponding rise of the water at the west-

ern extremity of the former lake. Neither do all the lakes reach their

maximum height at the same time, but successively, according to the com-
bined action of the various jnetrorological causes.

in general, the great lakes rise ana. fall nearly together ; but not abso-

lutely at the same time, nor by an equal amcvnt.

It is apparent from these statistics that there is no foundation for the

popular belief that there is a rise and fall of the lakes during a period of

fourteen years. Between 1796-8 and 1819-20, a period of twenty years,

there was a gradual depression and rising of the lakes. From 1816 to

1819-20, the waters fell to a lower level than even their previous stage of

depression. From 1819-20 to 1838, u period of eighteen years, there was
a steady increase of eli;vatioii, when the water attamed its g-eatest known
height. The lowest stage of water, since that time, occurred in October

1841, which was less than three and a half years after the preceding great

depression.

No person, who examines the daily registers, will find any grounds for

the belief that there is in Lake Erie a daily or lunar tide, like that of the

ocean.

As before remarked, the causes which produce changes in the levels of

the lakes are the same as those which influence other collections of water

;

that is, the ever-varying amount of rain and evaporation. The records of

the rain-gauge throughout the north-west are yet too meagre to enable us

to determine the amount of falling water over the basins of these lakes

;

but I will avail myself of such materials as are in my possession.

From the rain-gauge kept at the Pennsylvania Hospital, we derive the

following results ;*

From 1810 (low water) to 1815, (high water) 5 years

Mean -----
From 1815 (high) to 1819, (low) 5 years

Mean - - - - -

From 1827 to 1837, (high) 11 years

Mean « - - - -

- 185.68 inches.

- 37.13
- 151.14
- 30.23
- 451,':»5

' 41..

From the, rain-gauge kept by L: ilildreth at Marietta, Ohio, we gather

the following results ',

From 1819 (low) to 1823, (rising) 5 years

Mean - » . « -

From 1828 to 1832, 5 years

Mean - - - - «

- 21 >i:, ^3 inches,

- 10.56 "
> 228.17 "

40.0d

i^i

f^N.

Ill

* Extract from the Michigan Geological Report for 1841, pi 26. I!
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From the observations of the army surgeons,* we derive the following

results

:

L'earbornville Arsenal, near Detroit:, mean annual fall of

rain for 1836-8 anr! -'d, 3 yenrs, /i.eari

Fort Brady, at Saut Ste. Mar .e, 1837-8 and '9, 3 years,

mean _--..-
FortHownrd, Gv^en Bfv, 1836-7-8 and 'D i y^^ws,

ro^^an .__..-
Fort Wumebago, Wiscorf.i. 1837-8 and '9, 3 years,

mean - - - - -

31.29 inches.

31.89 "

38.33 «

31.88 «

The following js a transcript of the ra .i-ga; ge I'ept at the Western Re-
serve College, Ht -isor,, Dhio:

1838-9 and '410, meau - . - - .

1841 ----.-.
1842
1843 -

1844
1848, 1849, 1860, mean of three years,

34.115 inch.

28.431 «

36.114 "

26.736 «

35.730 «

39.365 "

The difficulty of maJking exact comparisons between the stage of water
in the great lakes, and the amount of falling water from the clouds, arise-i

from the want of rain-<jauges in the North-west, previous to the high water
of 1838. Those of Philadelphia and Marietta being out of the valley of

the St. Lawrence, are not a certain guide in determinmg the amount of rain

which fell within those periods, in the region of the lakes.

The observations at Hudson, and at the various military posts, do not

extend back sufficiently for to enable us to draw certain conclusions. For
periods of five yeais, the^e must be a similarity between the seasons of the

lake-country and of Philadelphia. From the low water of 1810 to the

bigh water of 1814-15, there fell, in Pennsylvania, 34.54 inches of rain

more than for the years from 1815 to 1819. If this be true of the lake-

region, the only wonder is that the rise of water was not greater. The
area drained by the lakes is estimated as being four times as great as their

surface, and the amount of water poured into them by their various afflu-

ents, unless checked by evaporation, wou?a raise their surface twelve feet.

The mean of the eleven years prior to the flood of 1838 is very large,

being forty-one inches, or eleven mches per annum greater than that of the

preceding low water of 1819. So for ten years out of twenty, of the time

of the gradual rise from 1819 to 1838, Dr. Hildreth's gauge, in tlio vailey of

the Ohio, one hundred •
•

• ^ » i t> •

rage of 43.2 inches—f>

The great rise of 1

yeara preceding; so tb

of time; the yea -^
;

those of 1836 a-: '< •/

The records Jt i '.

183ft. with -the flc'- ^

the present time. Tit

pighty miles south of Lake Erie ;;.vcs an ave

y large increase.
•'.-' is due to causes which operated in 1837 and

. reports of the army surgeons are divided in ponit

i and 1839 belonging to a declining stage, while

I' belong to an advancinp, ,tage.

ssor Loomis, and his successors at Hudson, begin in

lv:»t vpar. and continue with some intermissions to

vest stage sin'e 1838, happened in 1841 . The

.ii«t«orological Register, p. 9f,

I. m
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mean of these four years is, for Hudson, 31.27 inches, which is a foot per

year lower than that for ten years prior to 1838, at Marietta. The mean
of three years since 1841, is 32.86 inches, and from 1848 to the present

time 39.36 inches, showing a large increase, amounting to nearly seven

inches per annum. For this period the measurements of the lake-surface

are too imperfect to enable us to estimate the actual rise.

On Lake Superior the years 1845-6 were unusually dry, and in 1847 that

lake had reached a very low stage of water. The years 1849-50 were in

that region wet, and the lake as a necessary consequence is now (1851)
very high ; that is, from three to three and one-halt feet above the

level of 1847.

[15 inch.

131 «

L14 "

736 «

730 "

365 «
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CHAPTER XX.

MAGNETIC VARIATIONS— COMPARISON OP TERRESTRIAL AND ASTRO-
NOMICAL MEASUREMENTS.

BY CHARLES WHITTLESEY.

General Remarks on the Duties of the linear Surveyors. — Extent oj the

•public surveyed Lands.— The Solar Compass.— Explanation of the

Method adopted in the linear Surveys.— Convergence of Meridians. —
Magnetic Variations in Michigan. — In Wisconsin.— Remarks on the

Variations in Michigan. — Comparison of astronomical and terres-

trial Measurements.— Errors to which the linear Surveys are liable.—
How compensated.— Meridian and base Lines.— Their geographical

Position.— Correction Lines. — Particular comparisons of Measure-

ments.— Convergence of range Lines.

Having had occasion to pass for many hundred miles along the surveyed

lines 01 the public lands in Michigan, Wisconsin, T ^a, and Minnesota,

and to observe the practical workings of the present system of surveys, 1

deem it not out of place to devote a chapter to their examination. The
records of surveys in these States hare frequently been submitted to my in-

spection by the surveyors-general in charge, and I have frequently met with

the deputy surveyors engaged in their tonsome labors, in the depths of the

forest, remote from civilization, carrying their instruments, camp equipage,

and provisions on their backs, through places where neither horse nor canoe

could penetrate, and have thus had occasion to adir"'''' their perseverance

and fortitude. In these expeditions, they are frequently buried for a whole
season in the forest— far from human settlements, sometimes short of pro-

visions, and always destitute of what are called luxuries ; their clothmg,

especially towards the close of the season, in shreds, and, to an observer

from a civilized region, they present an aspect by no means attractive. I

have seen them under circumstances which required great promptness and

energy, and have generally observed that they possessed inflexible integrity

in fulnlling their contracts, where there were many discouragements and

many temptations to slight their work.

There are, however, a few cases where fictitious field-notes have been

returned ; but, when we consider the number of persons engaged in this

service, and the slight supervision to which they are subjected, as well as

the inadequacy of their compensation, particularly in regions where timber

abounds, they may be regarded as among the most scrupulous and merito-

rious of public officers. Many of them possess mathematical a't.t iments

of a high order, great general intelligence, and a degree of i ie and

perseverance which should command respect.

Having traversed the field of their laborf> a', \ inspected their notes, I

propose to institute a companion between their results and those obtained

by astronomical observations.

J^

0%^
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I shall first, however, present, with little or no comment, a series of m»c-

netic observations taken along certain meridians iind base lines, or parallels

of latitude, which intersect each other in squares of about sixty miles.

They will be useful as illustrating the intensity of magnetic forces, and of

practical utility to those who may be commissioned to make the subdivisions

into sections. The annual change in variation can thus be fixed ; and they

will serve as a standard of reference hereafter. Those taken by Burt's

Solar compass,* which includes most of those given since the year 1839,

may be regarded as reliable.

The surveys of the public lands, west of the Alleghany Mountains, ex-

tend over an area greater than that of any other surveyed portion of the

fflobe, and if all the data repecting the variations of the needle were col-

ected, they would afford a mass of facts worthy of reliance and unequalled

by any collection thus far made. The parallels, or lines of equal variation,

in the United States, could then be laid down for the present period with

great accuracy.

Those who study the reported variations for the State ofMichigan would
do well to bear in mind that the Upper peninsula, west of Chocolate river,

is a region of great local disturbance ; and that the surveys on the Lower
peninsula, below the second correction line, were not made with the Solar

compass, and that, therefore, the results must be taken with some grains of

allowance.

The rectangular system of surveys, adopted for the first time by t|»e Uni-

ted States in 1785, on the recommendation of Thomas Hutchings, is so sim-

le that the position of any surveyed township or section is known, at once,

by reading the letters and figures, cut upon the witness and bearing trees.

Each township of six miles Sv^uare has a number different from every other

;

and to follow the variations given '^elow, from point to point, it is only

necessary to take the meridian a arting line, when reckoning east or

west ; and the base when reckoniug jorth or south. Nimibering the town-

ships north or south from the base line, they are called Towns ; number-
ing east or west, from the meridian, they are called Ranges. Thus, T 20 N.,

R. 10, E., indicates a township one hundred and twenty miles nor* P the

base line and sixty miles east of the meridian.

The latitudes and longitudes aio not intended, as here given, to be
aut^iprity, unless the name of the observer is indicated ; they are necessary,

liowever, to a full understanding of the position of the compass, when the

variations were noted ; but are generally derived from maps, or astrono-

mical observations. So, ff^'^ the length of most of tne lines given

has been derived from ma^v, inless the length be given in miles and
chains, or used for the express purpose of deducing longitudes by measure-
ment, in order to compare with the reported astronomical results. These
distances should, therefore, be regarded only as near approximations, and
not as strictly accurate.

e

• This ingenioua instrument, invented by William A. Burt, of Mount Vemon, Michigan,
about the year 1886^ does not appear to have attracted the attention which it merits. It is

well known that the magnetic needle is everywhere subject to many fluctuations, r^gal^r and
irregular, and that it will not mark a straight line. In the rough regions of the north, where
the igneous rocks themselves often contain magnetic oxide of iron, and where U|ere are
immense deposits of iron ore, often magnetic, a common compass is frequently entiirely use-

less. Transcripts, which are given below, show variations of 30°, 46°. and even 176°, in

the distance of h^it a mile. Without the Solar compass the region could not Ihivo bMS
•surveyed, except, at a cost exceeding tho value of the land.

M-JL-
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To provide for the convergence of the meridional or range lines, the fint

row 01 townships north, on a base or correction line, is made more than six

miles broad, east and west; this excess, generally amounting to about three

chains, is not the same in all latitudes, and even in the same latitude is

.. jt, made equal by all surveyors. The last row to the north, or next south

of the correction line (sixty miles northward) will be less than six miles,

by about the same quantity, only a few of the townships that are midway
being exactly six miles in breadth.

with these prefatory remarks, we proceed to give the variations furnished

by the Surveyor General at Detroit, for the State of Michigan.

VARIATIONS IN MICFIGAN.

Variations on the Meridian of Michigan.

Lon.'84o 19' 9" W. (nearly) counting south fVora BaM Lin«.

1834— 1825.

T.IS. V. 40 25' E.
2 40 25'

• 4026'
,

i 4«40'

T. 6 8.
6

7
8

49 tuiler to Ohio State Line.

.
40 89' E.
40 85'

40 85'

40 86'

(»

North ol Base Line to First Correction Line, 1826— 18

T.IN.
2
8
«
8

V. 40 26' E.
4025'
4=26'
4025'
4026'

T. 6N.
7
8
9
10

-'^ 4»ti5'E.
CSC
80 06'

80 05'

80 06

Principal Meridian between First and Second Correction Line, 1831-2,

120 miles north of Base line.

T. 1 1 N. V. 8"^ E. T, 16 N. V. 3»

13 8° 17 2055'

18 80 18 2056'

M 8« 19 20 65'

IS §• 20 30 10'

E.

Principal Meridian from Second Correction Line to Lake Huron,
1837— 1840

T. 21 N. V. 20 40'

22 2° 55'

28 2° 55'

94 8° 00'

28 2055'

28 2046'

27 20 60'

28 20 65'

f» 21*W

E. T. 80 N. V. 20 56'

81 30 10'

82 3° 05'

38 8° 15'

84 8° 10'

85 2" 65'

86 20 80'

87 2" 00'

88 l<»46

E.
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Principal Meridian Solar Compaal, 1840.

Ni

.41N. V. I'WE.
42 10 40'

« 1''60'

4i 2<»86'

T. 46 N.
46
47

To Lake Superior, 280 mllei.

V. 2° 80' E.
10 40'

10 2^

Base Line of Michigan— East of Meridian.

Lat. 42' ao'N.

4° 40' E. R. 9E
6° 80' 10
4=40' 11
4<'40' 12
4«40' 18
4° 80' 14
40 80' 16
4" 80'

To Detroit Birer.

V. 4» 89' E.
40 40^

4° 40'

40 40'

40 80'

4" 89'

4'»89'

Base Line of Michigan— West of Meridian.

1826—31.

B.IW. V. 4» 25' E. B.9W. V. 4' 40' E.

2 4° 80' 10 6° 00'

8 40 40' 11 6" 80

« 4»46' 12 6° 50'

« 4«>46' 18 6" 80'

\
4" 60' 14 5° 20
40 66' 16 6° 10

• ' 4° 40' 16
17

6" 26'

5»80'

.

/' To Lake Michigan.

m

ii i-

. l-•
First Correction Line— East of Men dian.

1822—39. i '

Latitude 43° 22' N. k Ii

B IE. V. 8° 10' E. R. 9E. V. 8<>40'E.
'i

8° 00' 10 8° 86'i
'

te!l
8° 00' 11 8° 86^

8° 80' 12 8" 80' 1 hbh!

8° 15' 18 8° 60'

8° 00' 14 2° 89'

8" 00' 16 2»66-

^1'

4° 06' 16 2' 66'

\ ToLak 9 Huron. 1 ffil
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Fint Correction Line—Weit of Meridlitt.

1831-37.

IW. V. 80W E. R. low. V. 80 26'

2 8° 00' 11 80 40'

8 8<'00' 11 80 26'

4 8° 86'

8
80 40'

6 80 2^ 80 46'

6 8°16' 1ft 80 47'

7 8<»20' le 80 6^
8 80 28' IT 60 00'

9 80 48^ u 80 66'

To Lak« Mlehigu.

s.

R.IE.

A

R.IE.
2
8

Second Correction Line—East of Meridian.

Ltttitud© 440 14' N.

1838 and 1846.

,2050'
2046'
r.o 86'

20 26'

20 40'

20 30'

20 80'

20 10'

£. R. 6E.
6
7

V. 20 16' E.
2° 10'

20 00'

20 IC E.
20 06'

20 06'

To Lako Huron.

Second Correction Line—West of Meridian.
f: :'

1837--1849.

B.1W V.8°00'E. R. 10 W. V. 80 80' E .1888.
2 80 00' 2056' 1889.

8 80 00' 11 40 00' 1888.

4 2055' 20 41' 18219.

6 30 20' la 80 80' 1887.

6 80 80' 4*10' 1848.

7 40 00' 18 80 80' 1889.

8 40 00' 80 16'

» 40 00' 1888. 14 80I6'
8° 41' 1849. 16

16
80 16'

80 00'

1
17 80 00'

To Lake ]Michigan.

Third Correction Line — East of Meridian.

Lat. 45° 2' N.

1840.

V. 2° 80' E.
20 60'

2- 60'

20 26'

R.6. E.
6
7
8

V. 20 20' E.
20 05'

10 85'

©0 45

To Lak« Huron.
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Third Correction Line— West ol Meridian.

1839— 1840

[4]

3° 00' E.
8° 05'
8O10'

8° 15'

8° 26'

1
B. 6 W.

8

To Lake Michigan.

V. 8° 20'

8" 26'

S^IS'
8»S0'

Between Townships 41 and 42, north— East of Meridian.

Lat. 45° 68' N.

R. IE.
a
8
i

0" 40' E.
O'SO'
0°26'
0» 26' W.

1840.

R. 6E.
6
7
8

To St. Mary's River.

0» 10' W.
CIO'
COO'
0O20'

Between Townships 42 and 43, north— West of Meridian.

1840.

Jt.lW. V. 2°10'B. R.6W. V. 8° 26' E
2 2»86' 6 8»40'

t 2<»60' 7 80 46
i 2»40' 8 8»45'

Fourth Correction Line— West from Lake Michigan to boundary between

Michigan and Wisconsin.

Lat. 46'' 52' IT.

Solar Compass, 1845-46.

B. 16 W. V. S" 20' E. R. 24 W. V.2°80'Eto6°05'B.
17 4<>26' 26 2° E. to 24° W. and from
18 4" 30' 24° W. to 7° 40' E.
19 4° 20' 26 1° 30' W. to 5° 80' E.
20 4° 10' 27 Fluctnating.f

31 5" 80' 28 6° 00' E. average.

1
6° SO' to 24" 10' 29 6° 00'

24° 10' to 6° 86' 80 6° 00' average.

Length of Um 90 miles.

* Variation increasing and decreasine reeularlv.

t Variation very fluctuating. Sec. 88, "V. 28° W. to 164° W. or S. 26° W., 176" W..
188 W. Sec. 86, V. 86° E., 28° 80' E. Sec. 34, V. 16° E., 10° 46' E. Sec. 88, 8«» 45
B. Sec.» w* 81, T. 7° and 7° 40' E,

fe

n li

•i ;;l

,\4
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B. 26 W.
27
28
29
80
81
82
88
84
86

346

Fifth Correction Line— Going west.

Lat. 460 48/ jn,

1844.

V. 6° 17' E.
6° 28'

5° 16'

6° 85'

6° 80'

6° 12'

6° 00'

6° 00'

6° 80'

5° 80'

To Lake Superior—Distaace 111 milea.

86W. V.6<'46'E.
87 6<»10'

88 6<'10'

89 8° 46'

40 6° 00'

41 4° 46'

42 7'»00'

48 8' 10'

44 9«80'

VARIATIONS ON MERIDIAN LINES—UPPER PENINSULA OP MICHIGAN.

South from Fourth Correction Line between Ranges 26 and 27 W.

Solar Compass, 1847.

T. 40 N.
89
88
87

v. 3° 26' E. to 5° 80'

14° 16' to 5° 45'

5° 80'

4° 16'

T, 86 N.
86
84
88

V. 5" 40' E.
4° 56'

4° 80'

6<'00'

166 miles west of meridian.

From boundary line North to Fifth Correction Line, between Ranees
32 and 33 W.

*

42 N.
43
44
46

V, 6° 10' E. to 8° 30'

6° 06' to 7° 40'

16® 00' to 9° 40'

4«10'
W.

T. 46 N

,

47
48
49
60

Vl*> 86' E.*
.6° 10'

6° 00" to SO 20^
6° 80' to 7'» 36'

6" 66' to 6" 10'

To Lake Superior or Keweenaw Bay.

From Fifth Correction Line north between Ranges 3 and 34 W.
1844.

T 51 N.
62
68

V. 6° 00' E.
6= 'in-

4" -.'•

T. 64 N.
66
66

V. 6° 16' B.
4° 20'

8^07'

'*o Lr&3 Suparior or Keweenaw Point.

• riJ i.uUng to 6" 30' W- • not higher than 10« SC E.
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ilGAN.

W.

I *•

Ranges

MAGNETIC VARIATIONS IN WISCONSIN.
(Prow the Surveyor's returim at the office of the Surveyor-GeTieral at Duluqut>)

Fourth principal Meridian, counting northward from the base line or

northern boundary of Illinois*

Longitude of Meridian about 90° 82' 13" W.
Latitude of base lino about 42° 30' N.

T. 1 N. V. 9° 26' E. 1882. T.

2 9° 6'

8 9°

4 8° 50' to 9° 25',

6 9° 15'

6 8° 56'

7 8° 50'

8 8° 30'

9 8° 42' 1839.

10 8° 40'

First Correction lino fVoro Illinoia line.

11 9° 38'

12
12
18
18
14

16

16

17
18
19
20
21

22

To Lake Superior, 14 chains 77 links west of the mouth of Montreal river ; by measure-

ment, 281 miles 67 chains north of the base line at the northern boundary of Illinois.

Longitude of the mouth of Montreal river, according to Captain Cram, 17 . S. Topographi-

cal Engineers, 1841, 90° 44' 30" west; according to Bayfield, gO^* 85' 10". Latitude 46° 83'

north.

9° 40' 1839.
9° 10' 1845.
9° 40' 1889.
9° 11' 1845.
8° 59' 1889.
8° 10' 1845.
8° 36' 1889.
8° 1845.
8° 85' 1839.
8° 16' 1847.
8° 35' 1889.
8" 86'

8° 86'

8° 86'

8° 10' 1846.

Second Correction line.

8° 00' 1846.

28 N. V. 8° 00' E.
24 8° 16'

26 8° 15' 1847, S. 0.
26 8° 15' (

27 8° 10' to 8° 26' '

28 8° 10' to 8° 15'

29 8° 16'

80 8° 00'

81 7° 40' . ;

Third Correction line.

32 7'^ 00'

88 7° 08'

85
36

6° 00' rgularlty.

6° 16' to 10° 00' focal irre-

87 6° 16' to 9° 10'

38 6° 10'

89 7M6'
4U 6° 51' [9° 80'

s

41 «'-' 34' disturbance 6° to

Fourth Correction line. ;

42 7° 37' disturbed 50° E. l

48 6° 51' 1

44 5° 57' !

46 11° E. to 45° W. 1

46 6° to 12° 30'
J
average, 5

47 7° 19' [8° 44'
i

020*
•85'
°10'

w.

Base line of the Wisconsin Surveys, or north Line of Illinois.

Lat. 42° 30' N.

1832-33.

Beginning at the west end, on the Mississippi, opposite Dubuque.

R.2W. V. 9°26'E. R.8E. V. 7° 00' E.
1 8° 40' 9

10

6°8(y

Fourth Meridian. 11
12

6° 50'

6° 00'

B.IE. V. 9°40'E. 18 6° 65'

2 9° 80' 14 6° 57'

8° 45' to 9° 25' 15 7°8'3'

6° 80' 16 to 19 6° 80'

S^0(V' 20 6" 00'6°
8° 00' 21 to 28 fi'BO'
7° 80'

To western *bore ( >f Lake Michigan.

40'
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p.-.

Variations on the Second Correction Line of Wisconsin, according to the

numbering of the surveys ; it being the first correction line north of

the Illinois boundary.

Lat. 48° 27' N.

(The mean of each range ia givea ftom an obaervation taken at inlervals of a mile, or six

observations to a range.)

Solar compass— 1840.

Township 11, north— counting from fourth principal meridian, west.

y. 9° 38' E.
aosc
8' 40'

8°29'

K. 6W.
6
7

V. 8" 88' E.
8" 20'

7»46

88 miles to Mississippi tivrr.

From Meridian, east.

Solar Compass, 1840.

B.IS. V. 8° 21' R. 14E. y. 7° 46'

fl 80 17' 16 8° 80'

8 7° 26' 10 70 25'

i 70 18/ 70 10' 1888.

6 7° 88' 17 60 46'

• 7° 26' 18 60 65'

T B°W 70 05' 1886.

8 8° 46' 1831. 19 70 45'

9 8° 46' 70 10' 1886.
10 7° 46' 1888. 20 70 00' 1880.
11 7" 50' 21 60 80' 1888.
12 7° 10' 22 6O8O'
18 7° 60'

To Lake Michig ;:•.

o

Third Correction line of Wisconsin.

Lat. 440 14' N. Solar Compass.

On Meridian four, counting west; average variation of each range of six

miles.

B.IW.
2
8

I

80 00' E.
80 15'

80OO'
80 80'

80 80'

80 10'

B . 7W. V. 80 80' E.
8 80 86'

» 70 50' to 90 46'

IQ 80 47
11 80 15'

12 8c 60'

72 miles to the Mississippi rirer.

From the same Meridian east, on account of the Indian territory on this

correction line, the surveys were carried around, and the correction line

is not yet run. It begins in range 14 east, on the Wolf river. Varia-

tions principally taken m 1833.

E. 14 E. V. 60 30' E. 1839.
60 36' 1848.
6O05'

Fo

16

16
17
18

60 35'

eo &Q'

60 20'

60 15'

1839.

1848.

1888,

1843.

To Lake Micbigaa.

R, 19E.
20
21
22
2a
24

V. 60 09' E. Ii38.
60 CO' 1883.
6OOO'
60 15'

50 86'

60 10'
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On a Meridian 60 miles east of the Fourth Principal Meridian, between

ranges 11 and 12, east, principally in 1833, counting from the base, or

Illinois line, northward.

T. IN. V. 70 00' E. T. 9N. V.80 86'E.
2 70 80' 10 70 46^

8 80 17' 11 70 50' !

4 80 40' 12 70 16' i

6 90 00' 18 70 00'
i

6 90 10' U 6° IC 7" 80' 1881.

7 80 45' 15 8°;86
i

8 70 26' 16 7° 46'
1

90 miles.

i

On the Meridian between ranges 21 and 22, east of the Fourth Principal

Meridian, being sixty miles east of the foregoing, or 126 miles east of

the Meridian, and near the west shore of Lake Michigan, counting from

the Illinois line northward. Principally 1835 and 1833.

.IN. V. G" CO' E.
2 0'^ 00'

8 6° 10'

4 5° 80'

6 G" 30'

6 G°05'
7 to 10 7" 00'

Second Correction Lino.

11 6" 30'

12 7° 00' 1838
18 7° 10' 1888
14 7° 16' 1888

16 6° 06'

16 7" 16'

17 7° 00'

18 6° 50'

19 6° 36'

20 G°56'

Third Correction Line.

iii 6^ 00'

To the Menomoneo river, at Sturgeon Mis, 226 miles north of the hase line.

T. 22 N. V. 6° 15'

28 6° 20' Green bay.

24 6° 46'

2S 6° 86' 1839.

26 C°80'
27 (i«80'

28 C°46'
29 5° 42'

80 6° 66'

Fourth Correction Line.

81 6° 46'

82 e^' 00' G"* 60' 1840
88 4° 00'

84 5° 00'

86 G'^SO'

on of igneous and metamorphic roclti.

87 6° 38'

88 4° 44'

T

Fourth Correction Line, Wisconsin ; third counting from the Illinois Line.

Lat. 46° 3' 13" N.

Counting west from the Fourth Principal Meridian.

Solar Compass— July and August, 1847. Mean of each mile.

B 1 w. V. 7° 52'

2 7°45'

8 70 47,

4 7046'
6 7° 48'

6 8° 00'

7 8=" 20'

8 8° 19'
8° 20'

10 8° 16'

11 8" 27'

12 8° 21'

R. 13 W. V. 9" 02' E.
14 8<'17'

15 8° 59'

16 8° 47'

17 SO 45'

18 8° 09'

19 8° SO' St
20 9° 33'

21 11= Ob'

22 11° 20'

23 11° 06'

24 11° 51'

Croix R.

i ! I
' fl

To the Mississippi arer, Ul miles west of the Mvridiao.
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Fifth Correction line ; the fourth from the Illinois line.

Lat. 46° 55' 28" N.

Or Township 41, north, counting west from the Fourth Meridian.

Solar Compass— October, 1848.

Mean of six variations in each range, one each mile.

R. IW. V.6°42'E. R. 17 W. V. 9» 80' E.
2 6° 58' 18 9° 62'

8 7° 21' 19 12° 22'

4 7° 08' 20 18° 24'

6 7° 29' 21 18° 19'

6 8° 08' 22 12° 81'

7 8°20' 28 10° 47'

8 7° 46' 24 10° 57'

9 7° 18' 26 10° 36'

10 7°40' 26 9° 29' Rum rlv«r.

11 6° 68" 27 10° 49'

12 6° 46'» 28 10° 88'

18 7° 00'» 29 10° 18'

14 8° 49' 80 9° 44'

16 8° 81' 81 10° 88'

16 9° 11' St. Croix river. 82 10° 83'

One hundred and ninety miles west to the Mississippi river, about 12 miles below Fort

Gaines. The high variations west of the St. Croix river, are in a region of igneous and

trappean rocks.

Range Line between ranges 17 and 18 west, 102 miles west of the Fourth
Meridian, beginning on the Mississippi river in Township 24, north.

Solar Compass— May, 1847.

Mean of six observations in each township.Mean of s

T.24N. V. 8"' 40' B
% 8° 81'

26 8° 41'

27 8° 88'

28 8° 42'

29 8°40'

80 8° 48'

81 9° 25'

:i 82 8° 48'

Range line between 18 and 19 west.

T. 83 N. V. 7°04'E.
84 7° 24'
CIJ 8° 03' very variable.

M 6° 47' trappean rocks
87 9° 32' August, 1849.

88 10° 02'

89 10° 08'

40 10° 04'

To the Fifth Correction Line, or Fourth iVom the Illinois line.

m

This completes the' abstract of my minutes on the variations in the sur-

veyed portions of Wisconsin, to the close of the year 1850.

If tne lines, along which these observations were taken, be traced upon
the map, it will be found that the magnetic variations are here given in

squares or rectangles of from sixty to one hundred miles across, and that

they thus represent, pretty nearly, the variations over the whole region.

I intended to have added those for Iowa, Missouri, and Illinois, and

then to have discussed the subject of variations in the United States, but

find it impracticable to present all the data at this time. As far as these

* TheN three ranges are very irregular, varying fVom 4° 40' to 10° 28'.
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tables extenfl, they may be considered as the best authorit^r which can be

given on the subject, for this region, and may prove of service to those en-

gaged in investigating the subject of terrestn^t magnetism.

UEMARK8 ON THE VARIATIONS IN MIOBIOANt

m rivtr.

By reference to the variations on the east and west lines between T. 41
and 42 N., near Mackinac, it will be seen that the line of no variation, or

zero, touches the State of Michigan in R. 7 E., on Dnunmond's island.

Mr. Higgins, in the geological report of Michigan, for 1841, has laid down,
from the precise observations of William A. Burt, the line ot no variation

from Lake Huron to Lake Superior, and given much additional original in-

formation, to which reference is here made. The line is very tortuous, but

keeps near the St. Mary's river, crossing different belts of rock, igneous,

metamorphic and sedimentary. In 1820-24, Captain Bayfield, of the British

Admiralty survey, took the variation on Lake Superior, at various places,

some of which were as follows :

low Fort

)0U8 and

Fourth
rth.

'est.

able.

rocks.

1849.

he sur-

d upon
;iven in

md that

Tion.

ois, and

tes, but

IS these

Michipicoten island, lat. 47° 40' N., long. 85* 2C' W., 6" 00' E.
Granite island, 46" 40' 87*' 30' 8° 00' ,,

Keweenaw Point, 47° 30' 88° 30' 9° 00'

Apostle islands, 47° 00' 91° 00' 12° 00'

Pic island, 48° 40' 86° 40' 8° 00'

Mr. Frederick Hubbard, assistant on the Michigan survey, made some
observations upon this subject in 1840. In July of that year, he foxmd the

variation to be, at La Pomte, 8° 33' E., or 3° 27' less than Bayfield— in-

dicating a change to that amount in the course of a little more than a quar-

ter ot a century. The variations for Keweenaw Point, in the tables above
given for 1844, range from 4° 20' to 8° 07' E.— being much affected by
local attraction in consequence of the trap rocks containing a large per

centage of magnetic oxide of iron. The same remark will apply to Isle

Royale, where, in 1847, the variation was from 4° to 14° E.

Between July 13 and August 1, 1839, Mr. W. A. Burt made very care-

ful observations on the diurnal variation of the needle, at Mount Vernon,
Michigan. The results were as follows

:

Average oi twenty days, at 5 h. 30 min. A. M., 1° 39' 53"
<' " " 1 h. 00 min. P. M., 1° 28' 45"
« « " 6 h. 30 min. P. M., 1° 33' 06"

The difference of these numbers gives the diurnal variation as follows

:

Between morning and evening - 5'.93

Between morning and noon 11'.08

Between noon and evening --- 5'.15

COMPARISON OF ASTRONOMICAL AND TERRESTRIAL MEASUREMENTS.

Having thus adverted to the principal phenomena of variation in this re-

gion, so far as the materials in our possession will enable us to do, we now
propose to compare the terrestrial measurements of the linear surveyors in

i fl
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the north-wpst, with the results of astronomical ohservations. And here a

brief discussion of the two modes for the determination of longitude may
not be inappropriate. Although the measurements of the surveyors, pass-

ing, as their lines do, over swamps, rivers, precipices, and thickets, are lia-

ble to many minute errors, yet these errors, in the main, counteract one an-
other. As the work is done by many persons, using different instruments,

it is hardly,possible that small errors should accumulate ; and if they did,

the subsequent work, always closing upon that which was done before,

would detect mistakes, or bad measurements, and become apparent in the

returns to the office. The correction, base, and meridian Imes, since the

introduction of the Solar compass, have been generally surveyed with
much care, particularly the principal meridians ; so that they may be re-

garded as following very nearly parallels of longitude. The distances

measured by the chain, along the base, correction, and meridian lines, may
also be regarded as nearly accurate, as much so as could be expected from
a single measurement, where so many obstacles are necessarily encountered.

The mterior township and range lines are not required to be made with so

much care, because the principal exterior lines serve to stop the errors, if

any accrue. This is why, as will appear from an examination of the con-

vergence of range lines, in the tables given below, the width of the upper
tier of townships is less than six miles ; but this irregularity may be amend-
ed on the next correction line, by making full townships. Thus, the con-

vergence of range lines, for sixty miles below latitude 46° N., being seven

chams, sixty linkc, if the lower tier of townships on the correction line,

sixty miles south, were made six miles, three chains, and eighty links, the

townships midway would be exactly six miles wide, and those on latitude

46° would fall short, three chains and eighty links. It will make the sub-

ject more intelligible to refer to the manner in which the public surveys

have been conducted. A principal meridian and a base line are first run
through large tracts, generally embracing a State or States. These meri-

dians are numbered from east to west. The First principal meridian forms

the division between Ohio and Indiana, on longitude 84° 5V w«st from
Greenwich.

The Second principal meridian divides the state of Indiana north and
south, terminating at its northern boundary.

There is a " Michigan Meridian," not numbered, which commences at

the north line of the state of Ohio, twenty-two miles east of the first me-
ridian, and, running through the Lower peninsula, crosses the straits of

Mackinac and termmates at Saut Ste Marie.

The Third principal meridian begins at the mouth of the Ohio river, run-

ning north to the northern boundary of Illinois, where it terminates.

The Fourth principal meridian commences at the mouth of the Illinois

river, at Alton, latitude 38° 58' 12" N., longitude 90° 29' 56".7 W., and
extends through the States of Illinois and Wisconsin, terminating on Lake
Superior, at a point fourteen chains, seventy-seven links, S. 65° W. along

the shore, from the mouth of the Montreal river— its length being three

hundred and forty miles.

The Fifth principal meridian starts from the mouth of the Arkansas river,

on the Mississippi, and has been extended north through Arkansas, Mis-

souri, and Iowa, to near latitude 43° 30', being about twenty-five miles to

tne west oi tne lounn raenuian. vv nen we consiaer tnac n repeaieaiy

crosses the bends of the Mississippi and passes through the broad, swampy
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marshes of Arkansas ; and, further, as it was survey e*i \*ith the needle

and not with the Solar compass, it cannot he regarded as very correct.

From the mouth of the Illinois, where it overlaps the fourth meridian, to

Dubuque, in latitude 42° 130', these two ini'ridiaiis maiiiluin about the same
distance from one another ; whereas, if they puisucd their respective longi-

tudes, they should converge, in that distaiicc, about thrcp miles.

At right angles to all these meridians are east and wt'st correction and.

base lines, once in sixty miles, or ahout /52' of latitude. Such are the lines

umde use of in the following Cf)mputations. I know of no portion a{ the

earth's surface on which there are so many and so regularly measured lines

as in the Mississippi valley. This opportunity of making a mutual refer-

ence to the terrestrial and celestial mctlifxls of fixing points upon our planet

is unequalled, and the results of theory and science may thus be placed in

contiguity with those of actual measurements. If the discrepancies should

be great and general, we must infer that I here is, in one or the other, some
imperfection which should be remedied ; but, if it appear to be the case,

that the results harmonize remarkably well, the accuracy of both modes is

theoretically and practically establislujd. The tables of convergence in par-

allels of longitude, through all degrees of latitude, are based upon a nice

calculation of the oblate spheroidal form of the earth. The correspond-

ence of these tables with the measuremeiits which I shall introduce, extend-

ing over large areas, is a gratifying instance of the truth of philosophy and
mathematics, demonstrated by a process familial' to the most ordinary minds.

The Superintendent of the Coast Survey is engaged in determining the

longitudes of different places in the United States, particularly by means
of the electric telegraph ; and from this source I have been furnished with

the results for Cincinnati and St. Louis.

The longitude of Cmcinnati is 84^ 29' 48".8.

(Washington) OOh. 29m. 47s.

Longitude of St. Louis, 90^* 12' 57".7.

40s.-6h. 00m. 52s.

The determination of the longitude of the Cathedral at St. Louis, by
Nicollet, differed from this, 2' 1G".3 of arc, being 90" 15' 16".

The measured distance, by the public surveys, between Cincinnati and St.

Louis, reduced to the parallel of latitude; for th(! former place, and that cor-

rected for convergence, is olO.'32 miles, which is equal to a difference

in longitude of 5° 45' 57".() ; and the distance above given, according

to the best authority, deduced from ofiservations made by the aid of the

telegraph, is 5" 43' 15"— a discrepancy of 2' 42".G of arc.

The western boundary of Ohio was doubtless established with care and
should follow the true meridian. If it does, we can deduce, from Cincin-

nati, the longitude of the south end of the meridian of Michigan, which is

twenty-two miles east of the first, or Ohio meridian, and two and one-

half miles east of Cincinnati ; making it, in longitude, 84° 26' 50" W.
If this meridian has been well carried up, the longitude of the Falls of

the St. Mary is the same, for this meridian terminates there, being about

three hundred and thirty miles long.*

The next corresponding meridian to the west, is the Fourth, or Wisconsin

In time, 5h. 8m. 12s.:

In time, 5h. 8m. 12s.+52m.

On comparing the longitudo of the point wlicre tliis meridian niccjta the Falls of the St
IVfartr'a i-Jwor na l"id df )ii j-j.VviiCiir.s rimrt (Hi- ',i?,'' W"), wifli that obtained for its

southern extremity, as given above, wo find a di.scre))aiicy of 0' 50" of arc, which can
hardly be due to the error of so distinguished an observer as .Bayfield. F. & W.-

EX.--12
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meridian, which runs from the mouth of the Illitiois river to Lake Superior,

the longitude of whose southern extremity is very closely known by refe-

rence to St. Louis. The distance between these meridians, measured west,

on a parallel of latitude from the foot of Ihe Michigan meridian, across In-

diana and Illinois, is 318.10 miles; the distance between the upper, or

northern extremities of these meridians, on Lake Superior, is very near!;

292.64 miles ; showing a convergenec of the ground of 2.'5.46 miles.

I give the latitude of the soutnern end of the Michigan meridian only

approximatively at 41° rA' N., and that of the upper end, at Saut Ste. Ma-
rie, at 46° 31'. The latitude of the north end of the Wisconsin meridian,

as given by Captain Cram, is 46° 33'. The theoretical convergence, by the

tables from the south to the north end of these meridians, is 24.75 miles

—

4

differing from the result above given ordy .71 mile.

In the longitude of the mouth of the Montreal, as deduced from the sur-

veys of William A. Burt, there is a discrepancy, when compared with the

reported longitude, which indicates an error somewhere. The surveys have

not been carried across from the Fourth meridian to the Mississippi, at the

mouth of the Crow-wing river, near Fort Gaines, where a discrepancy is

found in the position of that place.

The measured distance from the Fourth meridian, along the Fifth correc-

tion line, to the meridian of Crow-wing, is one hundred and ninety miles

and nine chains ; which, corrected for convergence, and converted into de-

grees and minutes of arc, gives 3° 58' 30" as the difference of longitude

west.

The reputed longitude of the Montreal river is 90° 44' 30", and of Crow-
wing 94° 22' 45", making a difference of 3° 38' 15", or 20' 13" of arc less

than the surveys, and equal to about 16.2 miles. It becomes necessary to

form a conclusion, whether the error is due to terrestrial or celestial meas-

urements. The longiiude of the south(!rn extremity of the Fourth meridian,

at Alton, Illinois, is closely determined from St. Louis, and is put at 90°

29' 56.7", and the same meridian passes within fourteen chains west of the

mouth of the Montreal river. If it is well run, the longitude of its mouth
should differ only about 12" of arc, while the difference is 14' 43" to the

west. From the longitude deduced from the Michigan meridian it differs

11' also to the west.*

Though undiscovered errors, in rimning these lines, may exist, or in

measuring the correction lines, the question arises, whether so great a mis-

take could possibly occur, as is shown here, of 8.5 to 10.5 miles.

The work of determining longitude chronometrically, on land, is known
to be very difficult and requires much time devoted to observations. This

• The longitude of the mouth of the Montreal river, according to Bayfield, is 00° 35' 15"
and taking that of Crow-wing, as given above on the authority of Nicollet and Lieutenant
Derby, at 94° 22' 45", we have a dift'ercnco of '•]' 47' 30". Comparing this with the diflfer-

ence of longitude, as deduced from the linear sur\'(!ys by Mr. Whittlesey, we have a discre-

pancy of 11', which is considerably less th.iu that which rt'sults from assuming the longi-

tude of -the Montreal river, given by Captain Cram. In like manner, using Bayfield's longi-

tude of the Montreal river, and comparing it with that of Alton, as given abovo, wc have a
difference of 6' 7.7" between the results of the astronomical measurement of the longitude
of the two places, which should have tlie sanie longitude, if the meridian was cor-

rectly run by the linear surveyors. The discrepancies in each of these cases are very con-
siderable, but indicate that the position of the Montreal river was more accurately deter-
mined by Bayfield than by Captain (Jnim. Probably iit least a part of the error is due to
the nature of the ground over which the northern i)()rtio!; of the meridian in question passes,

and the difficulty which the surveyors found themselves obliged to contend with in executing
this work. F. &W.
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may not have been practicable at tho Montreal and Crow-winff rivers,* and,
until the details of the ohserviitioris are (^xaminrd, it would be impossible

to say what weiafht is to It!.' given them. To throw the errors entirely on the

surveyed lines, it is necessary to suppose that it coininenced in the First

principal meridian, in Ohio, and that the same departure from the true me-
ridian accrued in the same direction, in Michigan, and in the Fourth meri-

ilian, and thut it has not been observed by those who ran the township lines

adjacent to them.

At the Crow-wing river the discrepancy is to the east ; thus bringing this

point and the mouth of the Montreal river too near together, by 20' 30", of

which ir to 14' is shown as probably (hie to tlio observations at the Mon-
treal river. The first named point is reported to be in longitude 94° 22'

45" west, and, as deduced from measurements, is 94" 32 — a difference

of 9' 15".

CONVERGENCE OF RANGE LINES.

We next propose to examine the convergence of range lines, from one

correction line to another, as shown by the surveys in Michigan, Wisconsin

and Iowa.

By Captain Lee's tablesf of the lenglh of a degree of longitude, in stat-

ute miles for different latitudes, between 39' and 47^ north, we can com-
pare the field results with those theoretically obtained.

North latitude. Lengtli of a degree ol' Couvergenco for :idog. Convergence for a rango

longitude in miles. ol" lat. iii inilc-i. or towusliip of miles.

Ch. Lks
41° 52.274 0.790 7 24
42 51 .470 0.798 7 ;44
43 50.662 0.814 7 71
44 49.833 0.829 8 09
45 48.988 0.845 8 27
16 48.128 0.860 8 59
47 47.254 0.874 8 87

The distance in latitude from one correction to another of sixty miles,

or ten townships, being less than a degree, or about 52', the convergence

for that distance is proportionably less.

On the Fourth correction line in Michigan, about latitude 45' 50' N., the

average convergence of range lines for twenty-nine townships west of the

meridian, is, by field measurements, 6 chains 65.5 links; in theory, 7 chains

45 links ; but this correction line having been taken across and around

Lake Michigan, is hardly a fair example for coiajjarison. The townships

on the correction line below, as well as all those in the upper peninsula,

are maut, on the correction line, two chains under six miles, in order to

throw prut of the irregularity upon the lower or southern townships. This

excess of two chains is not enough for that latitude to equalize the town-
ships between correction lines, as will appear by results. On the fifth cor-

rection line, about latitude 46'' 45' N., the witlth of the tier of townships

he obsevvatioiis at Crow-wing were taken, lirst by NieoUet, and alttjnvards by Lient.

' ,' -y of the Topographical Corps, v.ho differ only in secoiid.-i. Those of the Montreal river

,f if:rc '^v Captain Cram, also of the Topographical Corps.

I
A 1 oUection of Tables and Formula;, by Capt. T. J. Lee, of the Topographical Eng'rs.
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next below it, or tlio rnngos nmnbcrcd T -'/O N., is, for thirteen of the

westerly townships, O miles, 74 chains, 74 links ; and the width of the

same ranges on the fourth correction line is 6 miles, 2 chains— making a
difference of 7 chr.s 20 links upon th(3 ground. For twenty-six ranges

next west of the '' higan meridian, and next south of the fifth correction

line, the actual average convergence is 7 chains 50 links per range and
township. In theory, as deduced from the above tables, it is 7 chains 60
links.

, For the surveys in Wist unsin, I will give some of the data in detail.

Cli. Lks.

R. 1 E., meridian IV, T. 10 n. correction line I, - - 8 73
15 50 00
19 83 49
21 lm.22 09

Along the meridian line betwen ranges twenty-one and twenty-two east

of the fourth meridian,
M. Gh. Lks.

At correction I, or . . 10 n. - - - - 12 2.09
« " II, " 20 n. - - - 1 60 70
" *« III, « 30 n. - - - 2 66 09

Here, the convergence is quite irregular, and the averago is too small for

these latitudes, not exceeding five chains to ;i township— in sixty miles noth-

ing; but it should be stated, that much of the work in eastern Wisconsin

was done before the introduction (-f the Solar compass ; and from the inter-

vention of unccded Indian lands, t\u- correction lines were necessarily carried

around.

On the fourth correction line in Wisconsin, west of the meridian, the

townships on the north and south of the line differ in their corner posts as

follows, beginning at range 17 west, in latitude say 45° 55' north :

R. 17 W., X. 41 N. 4th meridian

-

18
19

20 - - - _ - .

21
22 - ...
23
24
25
26
27 - - - - -

28
29
30
31 To ths Mississippi river, . - - -

As before stated and as here verified, there are in the amount of conver-

gence, as shown from range to range, irregularities that result from the dif-

ferent degrees of accuracy attained by different surveyors. The lower part

of this column shows imperfect work, and, therefore, will not give a good
jTeneral average.

M. Ch. Lks.

1 30 43
1 30 10
1 35 63
1 42 24
1 53 91
1 67 20
1 77 00
2 06 00
1 75 79
2 05 00
1 77 90
2 10 05
2 29 42
2 43 65
2 42 04
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For thirty-one ranges, or 187 unk-s 13 chains, it is 202 chains, or 6 chains

«51.5 links per range. Taking it on range twenty-four west, up to which
there appears to be more uniformity, the average is 6 chains 91.5 links.

The width of the upper row of townships, cr township forty north, on their

northern ' 'undary, should be, therefore, 5 rules 76 chains 9 links ; their

width in township thirty-one north, being, as is the case in northern Wis-
consin, 6 miles and 3 chains. The convergence which I deduce from the

tables, between these correction lines, is for a tov^ihip or range, 7 chains
' 41\ ksr In order, therefore, that they e\\.:.'.i(.v the breadth of the

i it of townships, they should be 6 miles » chaini" -ind 71 links.

rgence on the first correction line of low.;, vfst of meridian V,
ish. )y north ; latitude about 41° 36' north.

i West.

7
8
15
20

22
3a
24
25
26
27
28
29
30
31

187 m. 11 eh.

westerly.

DitTercnce of Meridians.

M. Ch. Lks.

17 98
24 90
29 35
62 10
73 21
05 21
09 29
14 13

, J^ 16 73
17 94
61 19
64 34
73 32

2 01 00
2 03 35

Av.of31R's; 5 ch. 27 1

In theory, 6 ch. 27.5 1.

Oifiurenco iVom range Una
to range line.

Ch. Lka.

11 11
12 00
4 05
4 84
2 60
1 21

43 25*

3 15
8 98
7 68
2 35

Av. of 11 T's
9cb. 211.

Second correction line in Iowa, latitude about 42° 30' north, township

89, north of meridian V.

Ranges W«st.

5
6
7
10
11
12
13
14
15
16

Difference of range lines on the

ground.

M. Ch. Lks.

37 63
27 53
51 34
60 15
70 43

76 58
1 03 77

72 22
1 03 88
1 02 51

Difference iVotn range to

range of 6 m. 3 ch. wide.

Gh. Lks.

Previous errors corrected here.
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Ranges West. Difference of range lines on the
ground

M. Ch. LkB.

17 09 20
18 10 84
19 18 10
20 20 25
21 40 20
22 60 04
23 69 64
25 OH 25
26- 73 05
27 2 03 40

. 28 2 09 42
148 m. length Av. ofeacli R. of lu. 3 ch.

of meridian. is 6 ch. 1. In tlieory,

Gch. 54
jl

1.

Difference iVom range to

range of 6 m. 3 ch. wide.

Ch. Lks.

7 36
6 15
15 95
19 84
9 60

39
4 70
10 35
6 02

Av. of 10 tap.
;

8ch. 88 1.

It thus appears, from a general average in the lower part of Iowa, that,

where the ranges are made 6 miles and 3 chains on the correction lines, they

do not vary materially from equalizing the convergence; so that the upper

townships fall as much short of six miles in breadth as the lower ones exceed

it ; but further north, in Iowa and Minnesota, a greater breadth than 6 miles

and 3 chains is necessary on the correction lines ; and as the surveys proceed

northward, the excess should be greater. The great inequalities in conse-

quence of this, as shown by the difference from range to ran^e, below the

second correction, is probably owing to the use of the magnetic compass.

I

!

$ :>
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CHAPTER XXI.

BOTANY.

BY W. D. WHITNEY.

Remarks on the Flora of this Region. — Predominance of JYbrthern

Types.— Effect of the Lakes in equalizing the Temperature.— The

Character of the Vegetation little influenced by the geological Forma-

tions.— List of Plants, with Remarks an some of the more important

Trees end Shrubs.

The following list comprises all the plants noticed by members of the

Corps, between the Jst of July and the 1st of October^ 1849, in the ter-

ritory included within the limits of the survey. The parts of the territory

visited, and more or less carefully examined, were Mackinac, the Saut,

the southern shore of the lake from the latter place to Carp river, the

north-eastern extremity of Keweenaw point, the Ontonagon valley as far

up as the metalliferous range, and Isle Royale. It was mtended to make
the search after species as thorough as circumstances would allow, but they

were so often and so variously unfavorable, and the region explored bears

so small a proportion to that left unvisited, that the list cannot be other-

wise than very incomplete.

A few observations on the frequency, mode of occurrence, &c., are ap-

pended to the names of many of the species, especially of the forest trees

and shrubs, and these perhaps include all that it is necessary to say on the

subject of the like vegetation in general. The following remarks, however,

may be added by way of introduction.

The whole face of the lake country is covered with a dense forest, un-

broken, save by the clearings of the settlers and the few natural meadows
and open marshes which are scattered here ahd there along the rivers, espe-

cially near their mouths. The constitution of this forest is such as is

characteristic of so high a northern latitude. The peculiarities consist, not

as much in the introduction of new and exclusively northern species— for

there is hardly one of any importance that does not occur also on the high-

lands of the middle states— as in the increased frequency and predominance

of certain northern types, and the total absence or great rarity of many
which are the most familiar to the eye of the dweller farther south. Thus,

all the trees that have esculent fruit, the oak, walnut, chestnut, beech, &c.,

are either quite wanting, or of very unfrequent occurrence ; while the spru-

ces, the fir, the cedar, the red pine, the birches, the aspen, poplar, &c., are the

prevailing growth. With the lesser herbaceous species it is somewhat diffe-

rent, and a much larger proportion of them are solely northern. The gene-

ral distribution of the more important species through the country is very

uniform. This would, for a variety of reasons, be naturally expected.

The region explored extends through no great reach of latitude, and the

influence of the g-eat body of water about which it lies, is, of course, like

that of the ocean, equalizing. Even Isle Royalr hardly exhibits any dif-

ference in the character of its vegetation from the southern shores of the
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lake. Nor, in that part of the region visited by us, were there highlands

of sufficient elevation and extent to impress a peculiar character upon the

growth covering them. The two highest and most extensive mountain

ranges— those of the Porcupine and Huron mountains— were not ascend-

ed this year ; upon them it is probable that so^ie modification of the Flora

might be noticed. Nor could it be seen that the geological formations, un-

derlying the soil, exercised any modifying influence upon the forests above

them. They are too limited in their extent, and too frequently interchanged

to exert any such influence ; and^ moreover, comparatively little of the

soil upon them is of local origin, resulting from their decomposition ; but

the northern drift occupies most of the surface. It is in the distribution

of this drift, and the consequent clayey, or gravelly, or sandy nature of the

soil, that the law of distribution of the native plants also is, in great meas-
ure, to be sought. But most of all is it the presence of a greater or less

quantity of moisture, that determines with what growth a tract of country

shall be clothed, and the most important variations are those dependent

upon this cause.

LIST OF PLANTS.

RANUNCULACEiE.
Clematis, L.

virginiana, L. (Virgin's Bower.)

Anemone, L.

nemorosa, L. (Wind-flower.)

multifida, DC. Mackinaw.
pennsylvanica, L. Very common and showy, in thick beds.

Hepatica, Dill,

triloba, Chaix. (Liver-leaf.)

Thalicteum, L.

cornuti, L. (Meadow Rue.)

Ranunculus, L.

abortivus, L.

recurvatus, Poir.

^ascicularis, Muhl,
repens, L.

acris, L. (Buttercups.)

Caltha, L.
palustris, L. (Cowslips.)

CoPTis, Salisb,

trifolia, Salisb. (Goldthread.)

Aquileoia, L,

canadensis, L. (Wild Columbine.) Abundant and beautiful.

ACTCA, L. „ . .

rubra, Willd. (Baneberry.)

alba^ Big. (Baneberry.)
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NYMPH^ACE^.

Nymphjea, fourn
odorata, ^it. (Water Lily.)

NuPHAR, Smith.
advena, Mit. (YelUow Pond Lily.) Common.

SARRACENIACEiE.

Sarracenia, L. •

purpurea, L. (Pitcher-plant.) Abundant in the open marshes.

PAPAVERACEiE.

SANGUlNAtllA, DHL
canadensis, L. (Blood Root.) Mackinac.

FUMARIACEiE.

CORTDALIS, L.

aurea, WiHd,
glauca, Pursh. Both common.

CRUCIFERiE.

Cardaminc, L.

hirsuta, L. (Bitter-cress.)

Dentaria, L.

diphylla, L.

Arabis, L.

lyrata, L.

laevigata, D, C.

Capsella, Vent.

bursa-pastoris, Manch. (Shepherd's Purse.)

Cakile, Toutn.

americana, J^utt. (Sea Rocket.) Abundant on the sandy south shore.

VIOLACE^.

Viola, L.

lanceolata, L. (Violet.)

cucullata, Mt.
canadensis, L. Still in flower at Mackinac in October.

muhlenbergii, Torr.

oubescens, Ait.

DROSERaCE^.

jDrosera, L
roiundifolia, L, (Sun-dew.) Isle Royale.

Pahvassia, Tourn.

carohniana, Michx- (Grass of Parnassus.) Pictured Rocks.
t i
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hypericace;e.

Hypericum, L.

pvramidatum, M, (Giiint Hypericum.) Ontonagon rivef.

ellipticum, Hook. ,

CARYOPHYLLAGE^.

Stellaria, L.

media, Smith. (Chickweed.)
'*

longifolia, Muhl.
Cerastium, L.

vulgatum, L. (Mouse-ear Chickweed.)
viscosum, L.

Saoina, L.

nodosa, L. Isle Royale, l-ocky water's edge.

PORTULACACE^.

Claytonia, L.

wginica, L. (Spring-beauty.) Mackinac.

TILIACE^.

TiLlA, L.

americana, L. (Basswood, Linden, Lynn.) The latter is the name
by which it is generally known to the surveyors and settlers. It

is of frequent occurrence, particularly in the Ontonagon valley,

and attains a large size, becoming a stately and handsome tree,

and capable of affording pretty large timber. Its wood is valu-

able for its toughness and pliability, combined with softness and
ease of working.

GERANIACEiE.

Geranium, L.

carolinianum, L.

robertianum, L.

OXALIDACEiE.

OXALIS, L,

acetosella, L. (Sorrel.) Ontonagon river.

BALSAMINACEiE.

Impatiens, L.

fulva, J^utt. (Jewel-weed.) Carp river.

ANACARDIACE^.

Rhus. t.

typhina, L. (Star horn Sumach.)

glabra, L.

toxicodendron, L. (Ivy.) The sumachs arc- nowhere common.
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ACERACE^.
Aces, L.

pennsylvanicum, L. (S(rij)fd Maple. Moose-wood.)
spicatum, Lnm. (Mountain Maple.)

saccharinum, Want^. (Siitrnr Manic. Sugar.)

rubrum, L. {R*'d Maple. Maple.)

dasycarpmn, Ehrhart, (Whil*- Maple.) Noticed, as was believed,

on the bank of the Ontonagon, The first four maples are very

generally distributed tliroiiphout the lake country, and may often

be found within the spafe of a few square rods. Yet in some
quarters the sugar maple \h altogether wanting, and its place is

supplied by an abundant growth of the red. It is thus at Macki-
nac, and in the vicinity of Copper Harbor. Of the four, the

sugar maple, or "sugar," as it is commonly styled by the settlers,

is by far the most useful atid important. In i he almost total ab-

sence of oaks and hickories, it is the sole dependence of the set-

. tiers for hard wood fuel, and for cliarcoal. As furnishing the

latter article, and of the t'irst (piality, it is especially indispensa-

ble in the iron region ; .irifl, fortunately, it is nowhere found

more abundantly, or of larger and finer growth. Considerable

sugar is made fi-om it, both by the Indians and whites; but the

resources of the j'ountry in this line are far from being so fully

developed as th»? great (listfincr- from the seaboard, and compara-

tive infrequeacy of cominuriication, render expedient. x\s fur-

nishing ornamental woods to the cabinet-maker, also, the Lake
Superior ma])les, both sugar and red, arc of considerable eco-

nomical valu'i. It is a remarkabh; fact, that nearly every maple
trunk in these forests affords one or other of those beautiful and
highly-prized varieties of structure, known as " birds-eye " and
"curled" maple. A saw-mill has recently been erected on the

main shore, opposite Crand Island, for the purpose, mainly, of

furnishing these ornamental woods for exportation below; and

it would seein that the cnterjjrise can hardly fail to prove a

profitable one. The JI. spicatum, which generally occurs only as

a bush, here attains, in nmny instances, the dignity of an under-

sized tru'. Ojie spcciiricfi ;it Mackinac measured thirty feet in

height, with a trunk seven inches in diameter; and several others

were noticetl at various points, hardly, if at all, inferior in size.

RHAMiVACE/t:.

Ceanothus, L.

american\is, L. (.Jersey Tea.)

POLVOALACEE.
PoLYGALA, Tourn.

paucifolia, Willd. (Flowenng Wintcrgreen.)

LEGlIMlNOSiE.

ViciA, Tourn.

arfiericana, Muhl.

Inhere common.
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Lathyrus, L.

maritimus, Big. (Beach Pea.) Common on sandy shores

ochroleucus, Hook. Keweenaw Point.

Trifolium, L.
pratense, L. (Red Clover.)

repens, L. (White Clover.

ROSACE.E.
Cerasus, Juss.

pumila, Michx. (Sand Cherry.)

penhsylvanica, Loisel.

serotina, D. C. (Wild Cherry.) Of these three cherries, the two
latter, the red and the black, are about equally frequent; the

latter, in this high latitude, so reduced as not to exceed the other

in size. The first, the Sand Cherry, abounds on the light sands

of the southern shore—a mere bush, two or three reet high,

heavily loaded in September with dark fruit, nearly as large and
rich-looking as that of the garden cherry, but unfortunately,

quite tasteless and insipid.

opulifolia, L. (Nine-bark.)

salicifolia, L. (Meadow Sweet.) Carp river.

Agrimonia, Tourn.

eupatoria, L. (Agrimony.)
Geum, L.

vernum, Torr Sf Gray.
rivale, L. (Avens.)

Wal teinia, Wiltd,

fragaroides, Tratt.

POTENTILLA, L.

norvegica, L. Native and common.
arguta, Pursh. Isle Royale.

fruticosa, L. Common on bare, rocky shores.

tridentata, Ait. As the last, and yet more abundant.

COMARUM, L.

palustre, L.

Fragaria, Tourn.

virginica, Ehrh. (Strawberry.)

RuBUS, L.

nutkanus, Mocino.

triflorus, Richards.

strigosus, Michx. (Wild Raspberry.)

villosus, Jlit. (Blackberry.)

Of these species of Rubus, the R. nutkanus is the commonest,

occuring abundantly as underbrush, in the shade of almost every

piece ofwoods on dry soil, and in July prettily ornamenting the

surface with its showy white blossoms, which are nearly as large

as those of the wild rose. Its fruit is ripened in the latter part of

August, and has a peculiar acid flavor, which is, at first, quite

pleasant and piquant. It is excellent for preserving. The com-
mon red raspberry is also exceedingly abundant, the blackberry

comparativeiy quite rare.
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Rosa, Tourn.

stricta, L. Tlie common wild rose of the region.

Carolina, L. Mackinac.

Crata:«us, L.

coccinea, (Scarlet Thorn.)

tomentosa, L. (Black Thorn.)

Pyrus, L.

arbutifolia, L. (Chola; Berry.) Saut Stc. Marie,

americana, D. C. (Mountain Ash.) The Mountain Ash was in

full blossom on Isle Royale in August, and was a (conspicuous

object amid the forest growth of the island. The trees were all

of small size and much .scattered, which was also the case on

the southern shore.

Amelanchier, Med.
canadensis, Torr. 8f Gray.

ONAGRACETE.
Epilobium, L.

angustifblium, L. (Fire Weed.) Very common,
coloratum, Muhl.
palustre, L.

Oenothera, L.

biennis, L. (Evening Primrose.)

chrysantha, Michx. Ontonagon Falls.

CiRCiEA, Tourn.

lutetiana, L. (Enchanter's Nightshade.)

alpina, L. (Alpine Enchanter's Nightshade.)

GROSSULACE^.
Rises, L.

cynosbati, L. (Common Wild Gooseberry.)

lacustre, Poir.

prostratum, L'Her.

floridum, L. (Wild Black Currant.)

*

SAXIFRAGACE^.
Saxifraga, L.

virginiensis, Michx.

aizoon, Jacq. Shores of Isle Royale.

tricuspidata. Scovill's Point, Isle Royale.

Mitella, Town.
diphylla, L. (Mitre-wort.)

nuda, L. Both abundant ; the latter the more common.
Tiarella, L.

cordifolia, L.

UMBELLIFERiE.

Sanicula, Tourn.

marilandica, L. (Sanicle.)
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Heracleum, L.

lanatum, Michx. (Coav Parsnip.) Abundant everywhere, and
monstrous.

ZiziA, Koch.

integerriraa, DC. (Alexanders.)

CiCUTA, L.

maculata, L. (Cowbane.)

bulbifera, L.

SiuM, L.

lineare, Michx. (Water Parsnip.)

OsMORRHIZA, Raf.
^

brevistylis, DC. (Sweet Cicely.)

CONIUM, L.

maculatura, L. (Poison Hemlock.) Mackinac. ,

ARALIACEiE.

Aralia, L.

racemosa, L. (Spikenard.) On dry heights.

nudicaulis, //. (Wild Sarsaparilla.)

hispida, Michx.
Panax, L,

quinquefolium, L. (Ginseng.) Ontonagon river.

CORNACE^.
CoRN'us, Tourn.

circinata, UHer.
canadensis, L.

stolonifera, Michx. From the inner bark of this species, which is

abundant, the Indians prepare a *' kinnekinik," for smoking.

CAPRIFOLIACE^.

LiNN^A, Gronov.

borealis, Gronov. (Twin-flower.) exceedingly abundant : tracts of

dry, level forest are everywhere almost carpeted with it. Flowers
large, generally brightly tinged with rose, and emitting a delight-

ful fragrance. It was in blossom on the island of Mackinac late

in June, aid on the 27th of September it was still found blooming
at Grand Marais.

LONICERA, L.

parviflora, Lam. (Wild Honeysuckle.)

ciliata, Muhl. (Twin Honeysuckle.)

oblongifolia, Muhl.
DiERViLLA, Tourn.

trifida, Mcench. Abundant.

Sambucus, L.

pubens, Michx. (Red-berried Elder.)

Viburnum, L.

imdurn, L.

opulus, L. (Bush Cranberry.)

lantanoides, Michx. (Hobble-bush.) None of the species abunda.nt

in the region visited.
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RUi51AC££.

Qalium, L. --i

aparine, L.

asprellum, Michx.
triflorum, Michx.
lanceolatum, Torr.

boreale, L.

MiTCHELLA, L.

repens, L. (Partridge Berry.)

COMPOSITiE.

EuPATo&iUM, Town.
purpureum, L. (Joe-Pye-weed.)
ageratoides, L.

TussiLAOo, Toum. <
,

farfara, L. (Colt's-foot.) Saut Ste. Marie.

Adenocaulon, Hook.

bicolor, Hook. Common in moist -iituations up the Ontonagon river

.

Ajster, L.

macrophyllus, L. Abundant.
puniceus, L.

longifolius, Lam. South shore.

acuminatus, Michx.
ptarmicoides, Torr. and Gray. Isle Royale.

SOLIDAGO, L.

bicolor, L. var. concolor. South shore, commonest species,

humilis, Pursh.
arguta, Ait.

lanceolata, L. Goldenrods and asters are nowhere common in the

lake region.

Erigeron, L.

canadense, L. Eagle river,

philadelphicum, L.

RUDBECKIA, L.

laciniata, L. Carp river.

fiiPENS, X.

cernua, L. (Beggarticks.)

chrysanthemoides, Michx.
Achillea, L.

millefolia, L.

Leucanthemum, Toum.
vulgare, L. (Ox-eye Daisy.)

^ANACETUM, L.

huronense, JVutt. Grand 'Marais.

Antennaria, Gart.

plantaginifolia, Hook. (Everlasting.)

Artemisia, L.

canadensis, Michx.
Onaphalium, L.

T..

I

uiiciisi Ji'O.

polycephalum, Michx. .1

HVl
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Senecio, L.

aureus, L.
*

Arnica, L.

mollis, Hook. Copper Harbor
CiRSiuM, Tourn.

Innceolatum, Scop. (Common Thistle.^

pitcheri, Torr. and Gray, firancl Sable.

Lappa, Tourn.

major, Gart. (Burdock.)
iliKRACiuM, Tourn.

canailense, Michx.
seabrum, Michx.

Nabai.us, Cass.

albus. Hook,
Taraxacum, Haller.

(lons-leouis. !)€<>/.

LOBilUAOEM.

Lobelia, L.

kalinii, L. Abundant on the bare trap shores of Isle Royale.

CAMPANULACE/E.

Campanula, Totirn

rotuntlifolia, L. (Harebell.) Very common,
rotundifolia, var. linifolia. Isle Royale.

aparinoides, Pursh,

ERICACE^.

Gaylussacia, //. B. and K.
resinosa, Torr. and Gray. (Huckleberry.)

Vaccinium, L.

oxycoccum, L. (Cranberry.)

niacrocarpum, .flit. (Cranberry.)

canadense, Kalm. (Blueberry.)

racillans, Sol. (Blueberry.)

corymbosum, L. The huckleberries and blueberries especially

abound along the south shore of the lake, on the sandy soil, un-
der the shade of the red ])ines. Their fruit is much larger and
sweeter, and borne in greater profusion than we had ever seen it

elsewhere. It is greetlily eaten by pigeons, robins, golden-'winged

woodpeckers, &c., as well as by chance travellers along the shore.

Arcto-staphylus, Adam.
uva-ursi, Spreng;. (Bear-berry.) Very common, sharing with the

Linnffia the office of carpeting the forest. Its leaves are dried by
the Indians ami mixed with their tobacco for smoking. They call

it " kinnekinik."

Gaultheria, Kabn.
procumbens, L. (VVintergreen.)

'EPUiJF.A, L.

repens, /^. (Trailing arV'Utns. May-tlower.)

'iH
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AVDROMCDA, L.

polifolia, L.

calyculata, L.

Ledum, L.

latifoliutn, jiif. (Labrador Tea.) Abounding in the swamps of Inle

Royale.

PyaoLA, L.

rotundifolia, L. r

,

asarifolia, Michx. (Sbin-leaf.)

elliptica, Kutt.

chlorantha, Swartz.
secunda, L.

MoNEsus, Salisb.

uniflora, L.
Chimafhila, Pursh.

uinbellata, Xfutt. (Prince's Pine.)

Pterospora, J^utt.

andromedea, J^utt. Carp river.

Hypopitys, Dill.

lanuginosa, J^utt. Ontonagon river.

MoNOTROPA, Gronov.

uniflora, L. (Indian-pipe.)

PRIMULACEiE.

Primula, L.
farinosa, L.
mistassinica, Michx.

Trientalis, L.

americana, Pursh.

Lysimachia, L.

ciliata, L. (Loose-strife.)

Naumburgia, Mcench.

thyrsiflora, Reicheub.

LENTIBULACEiE.

Utricularia, L.

vulgaris, L.

intermedia, Hayne. Copper Harbor.

PiNOUicuLA, Tourn.

vulgaris, L.

OROBANCHACEiE.

Aphyllon, Mitchell.

uniflorum, Torr, Sf Gi.

SCROPHULARIACE/E,

Chelone, Tourn.
glabra, L.

MiMULUS, L.

ringens, L. (Monkey-flower.)

i:
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americana, 8cht». (Speed-well.;

Gerardia, L.
purpurea, L. Mackinac.

Castilleja, Mutts.

coccinea, Spreng. Mackinac.
septentrionalis, Lindl. Common.

Euphrasia, Toum.
officinalis, L, Isle Royale.

Pedicularis, Tourn.

canadensis, L. (Louse-wort.)

Melampyrum, Tourn.

pratense, L. (Cow-wheat.) Abundant everywhere.

VERBENACE^.

Verbena, L.
hastata, L. (Vervain,

urticifolia, L. (Vervam.)

LABIATiE.

Mentha, L.

canadensis, L. (Wild mint.)

Lycopvs, L.

virginicus, L.

sinuatus, Ell.

Clinopodium, L.

vulgare, L.
Prunella, L.

vulgaris, L. (Heal-all.) Common.
Scutellaria, L.

ealericulata, L* (Scull-cap.)

lateriflora, L.
Stachys, L.

aspera, Mickx. (Hedge-nettle.)

,
^

I 'f; BORAOINACE^.

Mertensia, Roth.

pilosa. Elm river

Lithospermum, Tourn.
officinale, L. (Hound's-tongue.)

virginicum, L.

Physalis, L.

viscosa, L.
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GENTIANACEJE

Gemtiana, L. . .

auinqueflora, Lam,
etonsa, Fries. Mackinac,

froelichii, Torr. ir Gr.
alba, Muhl.

Halenia, Borkh.
deflexa, Griseb.

Menyanthes, Toum.
trifoliata, L.

APOCYNACEiE.

Apocvnum, Toum.
androssmifolium, L.
cannabinum, L. (Indian Hemp.)

ASCLEPIADACEiE.

A8CLi;piAs, L.

incarnata, L. Ontonagon.

OLEACEiE.

Fraxinus, Toum.
americana, L. (White Ash.)

sambucifolia, Lam. (Black Ash.) Of these two ashes the latter

is by far the most common, being very generally met with on low
lands. It is much less valuable than the other species. It was
only in the Ontonagon valley that we met with the white ash,

and even there we saw of it only a few trees ; which were, how-
ever, very tall, shapely and handsome.

AsARUM, Toum.
canadense, L.

ARISTOLOCHIACEiE.

(Wild Ginger.)

CHENOPODIACE.E.

Chenopodium, L.

hybridum, L. Mackinac.

POLYGONACE^.

Polygonum, L.

viviparum, L. IsIeRoyale; common.
am'^hibium- L- Teal Lake=

aviculare, L.

articulatum, L. Common on the sand-beaches of the south shore.

siluHode, Michx. Frequent.

1
1
'%iH

1

'^1
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RVMEX, L,
crispus, L. (Dock.)
acetosella, L. (Sorrel.)

THYMELACE^.
DiRc/, L.

palustris, L.

ELEAGNACE^.

Shepherdia, JSTutt.

canadensis, Mitt. A common short shrub, on dry shores.

SANTALACEiE.

COMAKDRA, J\rutt.

umbellata, J^Tutt.

livida. Isle Royale ; common.

ULMACE^
Ulmos, L.

americana, L. (Elm.)

fulva, Michx. (Slippery Elm.) The elm is especially abundant

and flourishing in the Ontonagon valley.

EMPETRACEiE.

Emfetrum, Tourn.

nigrum, L. (Crowberry.) I

CUPULIFER^.

QUERCUS, L.

rubra, L. (Black Oak.) The great family of oaks is represented

in the vicmity of the lake by this single species only ; and even
this is of rather rare occurrence, and attains no great size,

appearing generally as a high bush, or a low scraggy tree. It

was only in the Ontonagon valley that we found it rismg to any-

thing Ukc the proper height and majestic appearance of the oak.

It is of little or no value as timber.

Fagus, Tourn.

ferruginea, Ait. (Beech.) The beech forms a considerable share of

the growth on the island of Mackinac, but from thence north-

ward and westward, we saw no more of it, excepting at one

point. This was at the Pictured Rocks, on a tract stretching

oack from the edge of those precipices, the soil of which was a

fine light drift-sand. It was thriving admirably then, much
excelling in size and appearance the rather dwarfish growth at

Mackinac.
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OoRTii: I?, Tourn.

iostrata, Jlit. (Beaked Hazel.)

americana, Walt. (Hazel.) Tilie hazels are very common as under-

brush, in almost every dry forest. No appearance of fruit was at

any time noticed upon them ; and indeed, by the absence of some
species, and the rarity or sterility of others, the lake region seems

almost entirely deprived of nuts of native growth. With the

nuts, of course, are also found wanting the squirrels, except the

red and ground squirrels.

OsTRYA, Micheli.

virginica, (Willd.) (Hop Hornbeam.) On the trap ridges, the hop
hornbeam, or iron-wood, as it is generally called, is not unfre-

quently found sparingly scattered through the forest. Its

exceeding hardness and toughness render it valuable where
strength, and no great size of material, is required.

MYRICACE^.
Myrica, L.

gale, L. (Sweet Gale.)

BETULACEiE.
Betula, Tourn,

lenta, L. (Black BirchJ
excelsa, ^it. (Yellow Birch.)

papyracea, Jlit. (White Birch.) One or two of the dwarf Alpine

species undoubtedly also occur on the ridges, but they were not

noticed. The last of the three mentioned—the canoe, or paper,

or white birch—is the most abundant, occurring almost every-

where, interspersed among the other species of the deciduous

forests. It is valuable for the almost infinite variety of uses to

which its bark can be turned—from the manufacture of canoes

down to the preparation of little specimen boxes and water cups,

and the kindling of camp fires. It arrives at considerable size in

the lake forests; but we nowhere meet with trees capable of

furnishing bark in sheets large enough for the uses of the canoe
builder. For fuel it is much inferior to the black birch, which
ranks second only to the sugar maple. The black birch is also

plentiful, although more nice in the selection of its soil than the

other ; it is rather confined to high or rocky ground. It attains

a most majestic size. Its wood is valuable, not only for burning,

but also for the various uses of the cabinet maker.

Alnus, Tourn.

incana, Willd.

viridis, D. C. Both these alders are abundant in the lake country,

but they occur in quite different situations. The former prefers a

wet soil, and forms here and there compact and tangled "alder

swamps" on flooded land; or, especially and frequently, long

strips of almost impenetrable thicket, a few rods in width on
either side the river that cuts and pretends to drain an extensive

cedar-swamp. The other is generally scattered along the shore,

on dry and rocky lands.

1
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PopDLUs, Tourn.

tremuloides, Michx. (Aspen.)

frandidentata, Michx. (Great Poplar.)

alsamifera, L. Of these three poplars the first is so much the most
abundant, that the others are hardly worth mentioning; and
indeed the latter are quite rare, and only individual specimens
were found by us occurring here and there. The former, on the

contrary, is one of the commonest species about the lake. It is

the tree that seems to spring up most readily iuul abundantly,

where the ancient forest has been prostrated by fiie or tempest,

although nowhere excluding all intermixture of other species, as

the birches, maples, and lesser evergreens. It is of little or no
economical value, and indeed seldom attains a size sufficient to

furnish any considerable timber. Yet it excels the southern

growth of the same species; and on the northern ridge of Isle

Royale there are trees of it which tower conspicuously above the

mass of the forest about them. The willows which, as at the

East, are found more or less abundantly everywhere in moist

grounds, it was not found convenient to analyze and identify.

li^i

lit

URTICACE7E.

Urtica, Tourn.

canadensis', L. (Nettle.) Ontonagon river.

CONIFER.E.

Prous, Tourn.

banksiana. Lamb.
resinosa, Ait. (Red or Norway Pine.)

strobus, L. (Wnite Pine.) The white pine is to be found in all

parts of the lake country
;
yet nowhere did we find it growing in

great abundance, nowhere forming what oould properly be called

a fine forest. It rather appears in single trees, standing amid the

mass of deciduous forest, and far overtopping it, or in little clumps

of a dozen or two, on the crest of a ridge. In many quarters, as

for example, in the vicinity of Copper Harbor, the white pines

have all fallen with the ancient forest, struck down by fire or by

tornado, and only their huge trunks a)e left decaying on the

earth, under the shade of the young growth that has sprung up to

cover the surface anew. It is not at all stunted in its growth by

the severity of the northern climate, bui attains a diameter and

height nearly as great as in its most not((l localities. It is unfor-

tunate for the interests of tlu; Territory that so little of its soil is

heavily timbered with this pine; yet its deficiency is in some mea-
sure made up by the abundance and excellence of the red or

Norway pine, which, though by no means as valuable, yet forms

a tolerable substitute for the other, Avhen that cannot be provided

in abundance. The red pine occurs not only scattered through

the mixed forests, but occupying alone tracts of considerable



:j75 Nl
>»

uch the most

tioning; and

lal specimens

)rmer, on the

3 lake. It is

abundantly,

e or tempest,

ler species, as

f little or no
J sufficient to

the southern

ridge of Isle

sly above the

ch, as at the

lere in moist

identify.

found in all

it growing in

erly be called

ing amid the

little clumps

quarters, as

white pines

3y fire or by

ying on the

sprung up to

ts growth by

diameter and

It is unfor-

of its soil is

n some mea-
the red or

,
yet forms

be provided

ered through

considerable

e

extent, and on low sandy plams generally forming " pine plains,'

in which the trees stand, orchard-like, singly, not far enough
apart to prevent their boughs from interlacing at the top, yet

leaving free communication among their trunks at the base; the

ground under them being quite bare of underbrush, and at most only

covered with the low trailing bushes of the whortleberries. The
trees on these plains are from seventy to a hundred feet high, with
straight, shapely trunks, which are free of branches nearly to the

summit, and of size sufficient to furnish very good timber.

The other species, Banks's pine, is a rough and scrubby little tree,

of no economical value, growing stragglingly on the roughest

and barrenest coasts, or more rarely attempting to shoot up after a
comelier fashion, on better soil and in good company.

Abies, Tourn.

balsame^. Marsh. (Balsam Fir.)

canadensis, Michx. (Hemlock.)

alba, Michx. (White Spruce.)

nigra, Poir. (Black Spruce.) The balsam fir is everywhere dis-

seminated, forming a greater or less share of nearly every forest,

so that it is rarely that the traveller or even explorer pitches his

tent at night in a neighborhood where its branches are not to be

procured to serve as his mattress. The balsams are conspicuous

objects in the forest landscape, their slender-pointed tops being

distinctly defined by their darker shade of green amid the brighter

foliage about them. The hemlock and spruces are likewise fre-

quent, the former choosing the ridges and rocky soil, the latter

associated in the swamps with the cedar, or more rarely forming
" spruce plains" in moist and level grounds, to the exclusion of

other species. Of the trio, the white is much the more common.
Larix, Tourn.

americana, Michx. (Larch, Hacmctack, Tamarack.) The larch

is another tree often found in the swamps with the cedar, nowhere,

as far as we noticed, attaining a very considerable size.

Thuja, Tourn.

occidentalis, L. (Arbor Vitae. White Cedar.) The white cedar, or

cedar, as it is generally styled, is perhaps the most abundant and
widely and universally diffused of all the trees of the district. It

grows in every situation ; on the rough summits of the trap ridges,

along the hill sides, on the plains, by the shores, but most espe-

cially in the extensive "cedar swamps" which cover so consider-

able a portion of the tace of the country, filling the low grounds

everywhere. Wherever there is a tract of plam land of so litt e

inclination as not to be readily and thoroughly drained, there is a

cedar-swamp. Nothing is more characteristic of the country, and

nothing more troublesome and vexatious to those who journey about

it, for the disagreeableness and difficulty of making one's way
through such a swamp are extreme. The tangled, crowded mass

of ceaars, interlacing from the very bottom with their dead, stiff,

incorruptible lower limbs, rises up out of a bed of mud and water,

varying, according to the situation and the season, between ankle-

deep and waist-deep, filled with fallen logs and rugged roots, that

furnish a deceitful semblance of secure foot. The cedar of thq
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swamps IS a low, scraggy, ugly tree ; in more favorable situations

it sometimes attains the height of eighty feet or more, with a
diameter at the base of two or three feet. Its wood and bark hold

the very first rank for durability
;
yet so rough, irregular, and rapid-

ly tapering are its trunks generally, that it is very difficult to pro-

cure from them any valuable timber. Its bark, peeled on in

squares, is made much use of 'for thatching the whole outer sur-

face of cabins.

JUMIPERUS, L.

communis, L. (Juniper.)

I

virginiana, L. var. humilis. {Red Cedar.) The latter of the two
I junipers is found in the vicinity of the lakes only, as a low, pros-

trate, creeping shrub ; a variety characteristic of this tree in

high latitudes.

Taxus, Tourn.

canadensis, Witld. (Yew. Ground Hemlock.) X^e yew is very

common, bedding the surface under the shade of the higher forest.

It much impedes the progress of the traveller, and is of no value

in any way.

ARACEiE.

III IF

1 \
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Aeum, L.

triphyllum, L. (Jack-in-the-Pulpit.,

Calla, L.

palustris, L. Not common.
Symplocarpus, Salisb.

fcetidus, Snlisb. (Skunk Cabbage.)

TYPHACEvE.

Typha, Tourn.
latifolia, L. (Cat-tail.)

Sparganium, Tourn.

natans, L. Isle Royale.

ORCHIDACEiE.

CoRALLORHiZA, Hallcr.

multiflora, JYutt.

innata, li. Brown. Not rare.

macraei, Gray. Abundant at Mackinac, and said by the surveyors

to be met with also up the lake.

Calypso, Salisb.

borealis, Salisb. Mackinac.

Gymnadenia, R. Brown.
tridentata, Lindl.

Platanthkha, Richards.

obtusata, Lindl. Very common
orbiculata, Lindl. Not rare.

hookeri, Lindl.

bracteata, Torr.
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hvperborea, Lindl,

dilatata, Lindl.

psycodes, Gray.
Arethusa, Gronov.

bulbosa, L.

PoGONiA, Juss.

ophioglossoides, JYutL

Calopogon, K, Brown.
pulchellum, R. Brovm.

Spiranthes, Richards.

cernua, Richards.

GooDYERA, R. Brown.
repens, R. Brown.
pubescens, JR. Brown. (Raltlcsnake-leaf.)

ListerA, R. Brown.
cordata, JR. Brown.
convallarioides, Hook. Not common.

Cypripedium, L.

parviflorum, Salish. (y(!llow Lady's Slipper.''

acaule, Ait. (Lady's Slipper.)

IRIDACEiE.

Iris, L.
versicolor, L. (Wild Flower-dc-Luce.)
lacustris, Nuit. Mackinac.

SiSYRINCHIUM, L.

bermudianum, L. (Bluc-cyed Grass.)

SMILACE^.

Smilax, Tourn.
herbacea, L,

Trillium, L,
' grandiflorum, Salish.

LILIACEiE.

POLYGONATUM, Toum.
pubescens, Pursh.

Smilacina, Desf.
racemosa, Desf.

stellata, Desf.
trifolia, Desf.
bifolia, Ker.

Clintonia, Raf.
borealis, Raf. Very abundant in cold woods, growing with sphag-

nous moss, and almost covering the surface.

Allium, L.

tricoccum, Ait. (Wild Onion.)

LiLIUM, L.

philadelphicum, L
canadense, L.
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americanum, Smith. (Adder-tongue.)

MELANTHACE^E.

Stbxptopus, Michx.
amplexifolius, DC. Rare.

roseus, Michx. Very common.
ToFiELDiA, Hudson,

glutinosa, Willd.

) palustris. Isle Royale.

CYPERACE^.

DuLiCHiuM, Richards,

spathaceum, Pers.

Eriophokum, L.

alpinum, L.

virginicum, L. ,

gracile, Koch.

Carex, L.
polytrichoides, Muhl.
backii, Boott. Ontonagon river.

stipata, Muhl,
^

trisperma, Deto,
'*

tenuiflora, Wahl.
canescens, L.

deweyana, Schw.
scoparia, Schk.

stricta, Lam.
crinita, Lam.
irrigua, Smith.
buxbaumii, Wahl.
aurea, JVutt.

granularis, Muhl.
grisea, Wahl.
gracillima, Schw.
varia, Muhl.
scabrata, Schw.
flexilis, Rudge.

flava, L.

intumescens, Rudge.

j retrorsa, Schwein.

vahlii. Isle Royale.

GRAMINE^

Alopecurus, L.

pratehsis, L.

Phleum, L.
alpinum, L.
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Agrostis, L.

scabra, Willd.

alba, L.

CiNNA, L.

pendula, Trin,

BuAcnELYTRUM, Beuuv.

aristatum, Beauv.
Calamagrostis, Mans.

arenaria, Trin. A sea-side species, common on the southern beaches.

canadensis, Beau V. (Blue Joint.) The C. canadensis is a very valu-

able grass to the lake settlers, rarely of many acres in extent. A
luxuriant growth covers the meadows occurring here and there along

the rivers, which are carefully sought out and appropriated by the

dwellers in the vicinity. They are mowed in August, and the

grass dried and stacked upon the spot. Then, in winter, when
the deep snow has completely covered up the under-brush in the

forests, and made them everywhere passible, the hay is dragged

home by sled or dog-train. It is said to be greedily eaten by the

cattle, and to be as nourishirg as herds-grass. It grows shoulder-

high, so that even a small meadow furnishes a great store of hay.

Oryzopsis, Michx.
asperifoha, Michx.

Glyceria, jr. Brown.
nervata, Trin.

aquatica. Smith.

fluitans, R. Brown. .
> • •

POA, L.

annua, L. Mackinac.

serotina, Ehrh.
pratensis, L.

compressa, L,

Bromus, L. '

'

ciliatus, L.

Secalinus, L. (Chess.) Native?

Triticum, L.

repens, L.

Elymus, L.

virginicus, L. '
• , ' • '

canadensis, L.
'

var. glaucifolius.

striatus, Willd.

hystrix, L.

AiRA, L.

caespitosa, L.

Trisetum, Kunth.
molle, Kunth.

Danthonia, D.C,
spicata, Beauv.

Phalaris, L,
arundinacea, L.

Milium, L.

efFusum, L.

}\i

|i.

li TC
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Panicum, L.

ilichotoraum, L.

depauperatum, Muhl,

EQUISETACEiE.

Equisetum, L.

arvense, L.
sylvaticum, L.

hyemale, L.

scirpoides, Michx. J. •'

FILICES.

PoLYPODlUM, L.

vulgare, L.

phegopteris, L.

dryopteris, L. All abundant, especially the last.

Struthwpteris, Willd.

germanica, Willd.

Allosorvs, Presl.

acrostichoides. Middle Finger, Isle Rojraie.

Pteris, L.

aquilina, L. Everywhere.

Adiantum, Z.
pedatum, L. \\i patches; eoinmoo.

ASFLENIUM, L. '

«

trichomanes, L.

felix femina, R. Brown. ,

^ ^

Cystopterus, BerwA. i
v

i,

bulbifera, Bernh. '
t i

fragilis, Beifih.

WooDsiA, jR. Brown.
ilvensis, R. Brown.

Dryopteris, Mans.
intermedia, Muhl.

POLYSTICHUM, Roth.

aculeatum. Roth, firook sides, in high lands,

lonchitis. Roth. Not rare, on ridges.

Onoclea, L.

sensibilis, L.

OsMDNDA, L.

spectabilis, Willd.

claytoniana, L.

cinnamomea, L.

Botrychium, Swartz.

virginicum, Swartz.

LYCOPODIACE^.

Lycopodium, L.

lucidulum, Michx.

.

4,
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LvCOPODIDBl.

selago, L.
annotinum, Micnx.
dendroideum, Michx.
clavatum, L.
complanatum, L.

OELAGINELLA, BeaUV.
selaginoides.

I

[4]
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ANNOTATIONS AND ADDITIONS.

Note A.— Part I, p.

" The first steps towards the exploration of the country bordering on the

great chain of JVorth American lakes w.re taken by the Jesuits of Canada."

Three Jesuits anil two lay brothers arrived in Canada as early as 1625.

The order in Canada as in other countries, had for its head a Superior to

•whom the missionaries at out-posts regularly reported. The Superior re-

ported annually to his Provincial, and these reports constitute the Jesuit

RclatioT\s. These are printed in forty duodecimo volumes under the title of
" Relation de ce qui s'est passe en la JYouvelle France es annees.'* Some-
times the title runs :—" Relation de ce qui s'est passe de plus remarquable

aux Missions des Peres de la Compagnie de Jesus en la Nouvelle France, cs

annees." They extend from 1632 to 1672. Of their merit, Charlevoix

pronounces the following opinion: — "As those fathers were scattered

among all the nations with which the French were in relation ; and as their

mission obliged them to enter into the affairs of the colony, their memoirs
.may be said to embrace an elaborate history thereof. There is no other

source to which we can apply for instruction as to the progress of religion

among the savages, or for a knowledge of these people, all of whose lan-

guages they spoke. The style of these Relations is exceedingly simple

;

but this simplicity itself has not contributed less to give them a great celeb-

rity, than the curious and edifying ma< they contain."* No historian

can enter fully into an investigation of circumstances attendant on the

first settlement of this country, without being conversant with them, and

those who pretend to acquit themselves of such a task without previously

studying these works, afford only a proof of their unfitness for the duty.

In proportion to their great value is, at the same time, their great scarcity.

A complete set is not now to be found even in the Royal Library at Paris.

Southey, at his death, owned twenty-three volumes (1637 to 1671), excent-

ing volume eleven. Bohn purchased this lot for seven pounds, seven shil-

lings, and sixpence sterling.

In this country, the completest set is owned by Mr. J. C. Brown of

Providence, Rhode Island, the volumes for the years 1654-5, 1658-9, and
1671-2 only being wanting. The next in order is that of Harvard College

library, there being five volumes wanting. The collection of Mr. J. C.

Murphy of Brooklyn is the next in point of completeness, there being eleven

volumes wanting. The Relations for the years 1654-5, and 1658-9 are

not to be found in any collection, public or private, in this country.

* Historie de U Nor. France, II. XI. Yin.

l!
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The tollowing persons filled the office of Superior from 1626 to 1673

Father Philibert Noyrot,
" Paul Le Jenne,
" Barthelemy Vimont,
" Jerome Lallemant,
" Paul Ragueneau,
" Joseph Le Mercier,
" Jean de Quien,

Jerome Lallemant,
Joseph Le Mercier,
J. Claude Dablon,

(C

((

1626 to

1633 to

1639 to

1645 to

J 650 to

1653 to

1656 to

1659 to

1664 to

1670 to

1629.

1639.

16^15.

1650.

1653.

1656.

1659.

1070.'

1673.*

m

Note A 1.— Part I, p. 9.

" The Relation of the voyage of Marquette wax not published until

some time after his death, and, by some, is regarded as fabulous.'^

We learn from a Chicago paper that the original MS. has been saved

from the pillage of the Jesuits' college in Quebec. " It is well known by
those familiar with the resources of early American history that the publi-

cation of the Jesnit Relations, which furnish ?o much interest in regard to

the discovery and exploration of the region bordering on our northern

lakes, 'vas discontinued after the year 1672. Some were known to have
been written, but the manuscripts were supposed to be lost. The Relations-

from 1672 to 1679, inclusive, have lately been discovered, and, among them,

a manuscript containing a full account of the voyages of Father Marquette,

and of the discovery by him of the Mississippi river. It was undoubtedly
this manuscript which furnished Thevenot the text of his publication, in

1687, of ' The Voyages and Discoveries of Father Marquette and Sieur

Joylet.' The latter kept a journal and drew a map of their route, but his

canoe was upset in the falls of St. Louis, as he was descending the St.

Lawrence, in sight of Montreal, and he lost them with the rest of his

effects. What increases the value of the present discovery is, that the

original narrative goes much more into detail than the one published by
Thevenot. The motive which prompted the preparations which were made
for the expedition are fully described, and no difficulty is found in tracing

the route. There is, also, among the papers, an autograph journal by
Marquette, of his last voyage, from the 25th of October, 1674, to the 6th
of April, 1675, a month before his singular death, which occurred on the

eastern shore of Lake Michigan. Also, a chart of the Mississippi, drawn
by himself, illustrating his travels. The one annexed to Thevenot's ac-

count, above referred to, is manifestly incorrect, and there is a variance

between the route of the Jesuit, as traced on his map, and that detailed in

the text. The manuscript chart now rescued from oblivion, reconciles 'all

discrepancies and constitutes a most interesting historical relic."

i

* Vide a paper on the Jesuit Relatiou by£. B. O'CaUaghan, M. D.

—

Pracetdings of th»

Ntw York Hiatorieal 8omtf, Nevtmitr 1847—from whicb the above facts are derived.

ii; !
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Note B.— Fart I, p. 47.

" Phenomena of the Waters"

We copy the following from th«^ Lake Superior Journal of July 23, 1851.

The editor remarks :

" While at Grand island, a few days since, Mr. Williams gave us an ac-

count of a remarkable instance of the sudden rise and fall of water, at that

place, in 1845. On a certain day, without any appearance of wind on the

Jake, the water rose and fell several times during the day, from four to five

feet above high water mark. The weather was calm before and after tbe

occurrence, and this wag the case for a hundred miles, at least, to the north-

west of the island ; for Captain Smithwick, of the schooner Algonquin, was
that day off Copper Harbor, and nearly becalmed."

NoteBI.— Partll, p. SO.

Strength of Wrought Iron,

Experimenters. Whence derived. lbs. per sq. in

J. & R.* Missouri bar iron 47,909
Martin Fourchambauldt, (France,) 47,964
Martin Ste. Chambaud, (France,) 49,000
Martin English best cable 49,251
Brown Swedish 49,796
J. &R. Tennessee 50,00o
Martin Superior English 52,823
Rennio English iron 56,84?^

Brown Welsh iron 57,97?^

J. &R. -Salisbury, (Conn.,) 58,00t-

J.&R.---- Swedish bar 58,185
J. &R. Centre co., (Pa.,)

J. & R. "Lancaster 'CO., (Pa.,)

.Johnson Mclntyre, (Essex co., N. Y.,)

J . & R. English cable

58,400
58,661
58,912
59,105

Brown Russia 59,472
Tilford Staffordshire iron, (England,) 60,928
Tilford Swedish----: 64,960
Tilford Welsh 65,520
Brunei Best English 68,544
J. &R. English cable, hammered • 71,000
Brunei Best English 72,352
J. &R. Russia bar 76,069

) Dv-,r t. ( .333 in. diam. 84,186
J.&R. Philhpsburg \^^,, „ 73gQQ

wire-drawn ^
'

<(

•JIT- 1

J.{(^ R,-...-..

8y,ie:i5

89,582
.--Cast steel - 130,681

Carp river iron, Lake Superior*

111
»

!

• /Johnson and Reeves' Report on the Examination of the Stren(th of Materials.
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Note F., p. 273.

Artesian wells in the red clay of Green Bay, from Mr, Whittlesey's MS.

In my report made to Dr. Owen in 1849, for that part of Wisconsin east

of the Wisconsin river, will be found a statement of the Artesian wells

bored by Mr. Alonzo Curtis and others, in the red clay at Fond du Lac,

Lake Winnebago.
Mr. Curtis has lately furnished me with the results of his borings in the

same clay, but at a lower level, near the surface of Lake Michigan.

Well of Mr. Edwin Hall, commenced seven feet above the lake surface

:

1. Sand
2. Red clay

a. Blue clay

8 feet.

22 ««

42 «

4. Quicksand with water, rising within 3 or 4 feet of the surface.

Well of Mr. Edward Wisewell, five feet above the lake:

1. Sandy soil.

2. Red clay 80 feet.

3. Dun-colored clay - - - - - 6 "

4. Very red clay - . . . . i k

5. Blue clay - - - - - - 88 "

b. Quicksand aud water, rising to within 2 feet of surliue.

Well of Mr. H. S. Beard, four feet above the lake

:

1. Soil.

2. Red clay 30 to 135 feet.

3. Dun-colored clay - - - - - (j "

4. Blue clay ... . . 4 a
•'}. Very red clav - - - - - - 1 to 2 '

0. Blue clay " - - - - - - 43 "

7. Quicksand and water rising to within 1^ feet of surface.

72 feet.

75 feet.

!)0 leet.

Four other wells belonging to D. M. Whitney and others, near Mr.
Beard's, show the same section; and all, thus far, give a good supply of

water.

Well of Mr. M. L. Martin, one mile south of the last, surface*thirty-five

feet above the lake, gave, after boring through red clay one hundred and
fifteen feet, a supply of water from the quicksand, rising to within seven

feet of the surface.

Well ofMr. Daniel Whitney, near Manitou river, three feet above the lake

:

44 feet.

1: Soil.

2, Red clay

3. Quicksand and water rising above the surface.

Well of D. C. Robinson, at Astor, half a mile north of the last, about six

feet above the lake :

1

.

Confused mass of sand and gravel
2. Red clay—water rises to lake level.

84 feet.

rl

I
'

i
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Well of Jeremiah Porter, Bve feet above the lake:

1. S«nd
2; Red clay ......
3. Limestono, probably Trenton—no water.

Well of Mr. Daniel Whitney, four feet above the lake:

1. Sand --..--.
2. Red clay ......
3. Bluo sand, with leaves and sticks. A specimen of cedar

was given me from a piece e.gbt inches thick

4. Red clay ......
5. Blue clay ......
6. Trenton limoHtone—no water.

14 feet.

94 «
«- 108 iiset.

4 feet.

50 «'

3 "

40 «
II «
— 108 feet.

i
. P ;

' V'

\ f

Another vi^ell sunk by Mr. Whitney to the depth of one hundred and six

feet, in red and blue clay, struck the rock at that point, lut gave no water.

Four other wells, on a line of Jialf a mile north and south, and about on

the same level, gave a depth of one hundred and eight feet before striking

the rock.

In all the cases where no quicksand was met with below the clay, no

water was obtained. Mr. Robinson's well is not Artesian, but one of the

ordinary kind, in which water filters through the gravel, and fluctuates

with the level of the water in the bay.

The stratification is evidently very irregular; for, although the extreme

wells are not more than a mile and three-quarters apart, yet the sections

vary much, even in the distance )f a few rrnis. In one of the borings, at

the depth of forty-three feet, a bed, two feet thick, of rotten wood and

leaves, was intersected between stiata of red and blue clay. It also con-

tained the remains of the bones of fishes.

The wood was submitted by rae to M. Lesquereux, for examination, and

pronounced by him to be cedar, and transported by fresh water. Several

pieces of the same wood were given me at Appleton, which were also taken

from the red clay, but at a height of one hundred to one hundred and fifty

feet above the lake. The one above mentioned, however, was found fifty

feet below the level of the lake.

The alternations of red and blue clay much resemble those of the west
side of Lake Michigan, as, for instance, at Racine and Milwaukee ; and it is

evident that they both belong to one formation. Since, therefore, the great

clay deposits of Lake Michigan graduate, on the south, into the blue marly
sand and clay of Lake Erie, and on the north into the red marly clays of

Lake Superior, it follows that they ought to be considered to be of the

same age.

Those on Lake Erie and the streams flowing into it, contain the same
wood as those of Lake Michigan, and also a few fresh-water and land

shells. It follows, therefore, that the Lake Supeiior clays are also of fresh

water and not of marine origin.

In the vicinity of Green Bay, the red clay may be seen at a height of

one hundred and fifty feet above the lake ; but, on ascending Fox river, its

suiface rises, and iU..
UlC hiiis soutii-east Oi t7 liiii c&ttctins <x

height of four hundred feet. On the waters of Fox river, the bricks made
from it are of a cream-color, like those of Milwaukee, when hard-burnt.

iii •

i
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otherv^'ise they arc red. The rolor of these red and blue clays is due i

iron in different stages of oxidation. They all contain more or less cur-

bonate of lime and magnesia. Pebbles of* the sedimentary rocks arc also

sparsely distributed through them, as well as some fragments of the north-

ern igneous and azoic rocks.

The principle upon which water rises in the wells of Green Bay and Fond
du Lac, is very simple: A bed of quicksand, or some other material into

which water can penetrate, is confined between impervious strata above and

b<'low; wherever the edges of the first mentioned stratum come to the

surface, they are penetrated by the water, which gradually fills the whole
of the permeable mass in which it is confined, as a reservoir. Of
<'ourse, if the superior bed is bored through, the water will rise nearly as

high as the edge of the bed which is filled with water, according to the

well-known laws of hydrostatics.

At Appleton, on the Fox river, wells are bored, which either give no

water, or it only rises in them ai part of the distance to the surface. But

then the river is near, and has cut through the clay to the underlying sand-

stone, so that the water finds, in part, a natural outlet from the beds of

quicksand.

A few observations have been made on the temperature of these wells.

At Oshkosh we found, in September, 1849, that the water of a well thirty

feet deep was at 48", Fahrenheit. In July, according to Mr. M. Williams,

a well ninety feet deej) gave the same temperature, and in the January

following, 51°, F.

Note G.

*' Fisheries of Lakes Michigan and Superior.''^

The numb*^r of persons engaged in this business is very variable, as well

as the quantity of fish caught. Fishermen say that the same ground is

much better one year than another, so that they are obliged to shift their

quarters. We saw at Pointe au Cheiie, Biddle river, Payment Point, Point

Patterson, at the harbor west of Bark Point and many other places, aban-

doned fishing stations ; but these may all be resumed during the present

year. There were fishermen at the island of St. Helena, Gull island, and
others in the lake, not within our course, whose number we cannot state.

They had thus far been unsuccessful, the fish having retired far out into the

deep and cool water.

At Seul Choix, there was a greater assemblage of men and boats than at

any other point in our route.

From the best estimates, there were at

Seul Choix,

Point Barbeau,

Summer Islands, -

Rock Island,

Washington Island,
Pi1"<- Tclon,!

90 boats and 200 men.
30 " 75 "

5 " 18 "

10 " 30 "

14 " 50 "

u

155

20
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Many of the fishermen hud their tamilies with thtin, who assisted in the

curing and packing of the fish.

On the west shore of Green Bay and the west shore of the lake, south

of Death's Door, there are also fishing stations.

Altogether there must be nearly a thousand persons engaged in this pur-

suit. The fish here laken are the wiiitc-fisn and Mackinae trout. {Mr.
Whittlesey's MS.)
On Lake Superior there are fisheries at White-fish Point, Grand island,

La Pointe, and Isle Royale, where considerable quantities are taken and
exported ; but we have no statistics as to the number of men employed, or

the number of barrels exported. JJetween the head of Keweenaw Point

and the mouth of tlie Ontonagon river, considerable quantities of fish are

taken, for which there is a ready market at the mining stations. In addi-

tion to the white-fish and Mackinac trout, the siskawit is occasionally ta-

ken. Its favorite resort, however, is the deep water in the vicinity of Isle

iloyale.

<
: w '

I NOTK H.

Statistics of Lumber.

There are eight saw-mills m operation along tlie southern coast of the

Upper peninsula, viz

:

One at the mouth of the Manistee, running -

One at Sturgeon river, (Bay des Noquets,) ruiming -

One at Escanaba river, running _ - -

One at White-fish river, running - . -

One at Fort river, running - - _ -

One at Cedar river, running - - - -

Two at Menomonee river, running - - -

2 saws.

1 saw.

4 saws
2 "

2 '«

3 «

7 «

21

At Cedar river and the Menomonee, there are lathe machines, and prob-

ably at others. The best saws cut from 4000 to 6000 feet of lumber in

twenty-four hours, while running ; but the mills generally lie still during

winter, and from breakages and other causes are not in operation at all

times during the remainder of the season.

There is an excellent belt of pine lands, extending from the Manistee to

the Menomonee and thence to the Wisconsin and even the Mississippi, but

towards the sources of these streams the timber is less abundant and valu-

able.—(J\fr. Whittlesey's MS.)

Note I.

Origin and Orthography if somi^ of the proper JSTames in the Lake Supe-
rior District.

TJ»,JK ,_l J ii. _ ii/r

.

jntiiinj anything has more perplexed us liiau me uiaicuiiy oi ascertammg
the correct names of the prominent natural features of our district, and of
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writine them as they arr pronounced, so as, at the same time, to preserve

the original meaning. While very few of the small lakes, rivers, or hills,

in the interior, have a.', yet received any names ; almost all the streams,

points, and bays, along tiie coast of the greiit lakes, are known by some
name, generally either of Indian or French derivation. Many of thest; are

now so corrupted from their original designation, that it is impossible

ever to restore the correct spelling, or to bring again into use the original

niiine.

As the rare, by wlii( h i.inst of the conspiciinus points and ri\ers wert'

named, is ra|)idly disappearing, we deem it worth while to place on record

such infonnation as we have been able to obtain, either from the natives

iC'hippeways or Ojibvvas), or from our vni/n^eiim (Canadian Fr«'n{h, or

'rench and Indian), or from the published works of the old explorers of

this regi(m, and especially of the .lesuit fathers. How mi., y of the great

topographical ieatures of this <ountry retain their aboriginal names, while

the meaning of those names has become irrevocably lost!

In Part I. of this report we have given a fae-siuiile of the map of this

region, made by the Jesuit missionaries, probably about the years 1070 and
1fi7i, and published in Paris in l(>7:i. The astonishing amotint of geogra-

phical knowledge ot the borders of these lakes, obtained l>y the earliest

explorers, s])eaks voliunes for their skill and perseveiance. Some of the

maps publi bed in this country and in Kngland, with: ; the last ten years,

do not exhibit the main features of Lake Superior as c-rrectly i;s they are

shown on the old Jesuit map.

From these old Jesuit authorities, especially the "Lettre« edifiantcs,"

and from Charlevoix, "Journal d'un Voyage," &.C., we have gleaned what
information we could, with regard to the original (I'.tsignation and meaning
of the names.

In giving the abstract, we will begin at Saut Ste Marie, and, following

the northern shore of Lake Superior toward the west, make the circuit of

that lake, and then follow the northern shores of Huron and Michigan,

towards the west, along the southern borders of our district, to Green liay.

Lake Supehiou {Lac Superieur, Fr., Kitchi-gnmivi, Ch.).—The name
upon the Jesuit map \v "Lac Tracy ov Svperievr.'* Lnc Snpirieur means
simply, Upper Lake. Lac Tracy seems to indicate a desire on the part of the

Jesuits to perpetuate the name of M. de Tracy, by giving it to the largest

sheet of fresh water on the globe. We need hardly add, that the name of

Lake Tracy was never adoj)ted, and is quite unknown. Kitchi-gummi
signifies Great water or Great lake, gummi being, in general, a collection of

water, or lake.

Saut Ste. Marie {Le Sault, Mission de Ste. Marie du Sault, Jesuit

map).—Sault is the old French orthography. The French name seems now
finally adopted by the inhabitants at the Saut, or Soo, as it is frequently

pronounced. The river, on the other hand, is known by the Enghsh
name—St. Mary's river. The Indians at the Saut are called Les Sauteurs.

Gros Cap.—A name given by the voyageurs to innumerable projecting

headlands ; but in this case appropriately, since it is the conspicuous feature

at the entrance of the lake.

GouLAis Bay.—Derivation doubtful
;
perhaps goulet, the funnel-shaped

opening of a net, from some fancied resemblance in its form.

Batcheewauaung Bay.—Derivation unknown.
Mamaikse (Indian).—Little sturgeon.

ii:
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MicHiPicoTEN {Great sand) Bay.—Not descriptivi; of thf island, but ol

the river.

Nekpigon Bay.—JVeepi or nipi is water; neepigon, dirty water.

Kamanistiquia.—"River that goes far about." Serpentine.

Lk Pate.—Pie island, or Pastry island, from its fanriod resemblance to

d French pie. The island rises from the water to tlie height of eight hun-
dred feet, with regular and slightly sloping sides, like a hat; and the term,
•' Hat island," would convey a better idea to the American reader, of its

outline, than that now in use.

IsLK RoYALK.—Isle Miiwng on Jesuit map. Minong is said to mean
Great island. Another explanation is, that it means an island which is inter-

sected in passing from one point to another. Thus one in voyaging down
the north shore might pass from Pigeon river to Washington harbor, and,

following along the shore of this island to its eastern extremity, make the

traverse to Point Porphyry. It is very curious to observe that, on the map
of the great lakeS published in Charlevoix's Journal (1744) another large

island of nearly the same size and shape as Isle Royale is inserted about half

way between Keweenaw Point and Isle Royale. To this island, which is

not on the Jesuit ir.ap, published sixty years before, the name of Isle P/iil/p-

peaux is given, and it figures to this day on some ol" the European maps.
This same error, if we recollect aright, is perpetuated in Henry's work, pub-

lished in 1822.

Montreal R.—The name Montreal is one which is most frequently given

by the voyageurs, in memory of their home, and the head-quarters of the Hud-
son's Bay Company. Indian Ka-wa-si-gi-nong sipi, or River of the White
Falls, alluding to the fine fall near the mouth of the river and visible from
the lake.

Chaquamegon {Cha-ga-toa-mi-kong).—Narrow j)ointed bay.

Kargwajiwing.—Porcupine niountains. Karg is the Chippeway for por-

cupine, probably givi'ii from the great abundance of these animals in the

region, and deservedly.

Agogebic ( Little Jisli) lake.

Ontonagon, R.—jVagon or nogon, signifies cup or dish, but whence the

origin or what the meaning of the whole word, we have never been able

satisfactorily to leariL Spelled on the Jesuit map JYantounagan.

Keweenaw Point.—On many maps Keweewaiwona. Kioiichounaning,

Jesuit map. Pronounced by our Indians, Ki-toi-wai-non-ing, now written

and pronounced as above ; meaning a portage, or a place where a portage is

made. The whole distance of some eighty or ninety miles around the point,

being saved by entering Portage lake and following up a small stream, leav-

ing a portage of only about a half a mile to Lake Superior on the other side.

Eagle River.—The name given by the voyageurs is La riviere nid

d'digle, Eagle's-nest river.

Manitou Island, supposed to be one of the residences of the Indian

goblin.

Agate Harbor.—Indian name, JVa-jO'Wi-kue-do-wang, or Double bay.

Kewainoquot harbor, generally called Horse-shoe harbor, a few miles

cast of Copper harbor, a beautiful little boat harbor. Indian name
esztlained to us as siemifvinp' Flyins clouds.

Bete grise Bay.—Hardly any name on Lake Superior is written in so

znanj different ways, but never as actually pronoimced. The invariable pro-

nunciation in the Lake Superior region is as if written " Bay Degree." The
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name is said to have been given from some gray animal seen in that vicinity^

and to be written correctly must be " Baie de la Bete grise," or " Bete grise

bay." The Indian name is Ba-ghi-da-wi-i-ning, a bay where nets are set

;

there being here excellent fishing ground.

Torch Lake, Ba-ki-ga-mang, in allusion to spearing fishes by torch-light

Sturgeon River, jiame Sept.

Tobacco River.—Wa-sa-ko-di-na-hi-kon, or Burnt-stone river, from the

red sandstone at its mouth ; the former given in allusion to the dark brown
color of its swampy water.

Fall River. Me-ta-hi-ki-ti-goei-ang Sepi, or Shallow river.

L'Anse.—Anse is bay,—"une tres petite baie qui s'enforce peu dans les

terres." Diet. Fr. Accd. It is applied to many indentations of the coast,

but for the most part, it has reference to the settlements at the head of Ke-
weenaw bay.

Point Abbave.—A corruption of Point aux Baies, a name very commonly
given by the voyageurs to a point, on each side of which there is a bay. In-

dian name Kitchi-ni-ia-sing. Big Point.

Lake Michigan {Lac de llinois, Jesuit map).—Probably the significa-

tion is the same as tnat of Lake Superior

—

michi, vast; gummi, water.

Manistee River and Lake.—This name; has been generally spelt on

the map, Monistique. The name is pronounced by those residing at the

mouth of the river, Manistee. It is written also by Charlevoix, la

Manistie. This we think sufficient authority for changing it. The
name, as explained to us by ourlndians, means, "A river at whose mouth
are islands." There is, at least, one other river of this name emptying into

Lake Michigan.

Seul Choix Point.—The only choice ; in allusion to the few spots along

the coast suitable for landing. Properly written, Seule Choix.

Bark Point, near Point Detour. Not Pointe aux Barques, but Pointe

aux Ecorces, in French.

Bay dcs .lYoquefs.—This is the proper name of this bay, but it is univer-

sally pronounced in thai region as it is written, Bay de JVoque, or JVbck in

English. The following quotation from Charlevoix shows that this is a

very ancient name :—"Nous nous embarquames le deux de Juillet apres

midi, nous cotoyumes pendant trente lieues une Langue de terre qui separe

le Lac Michigan du Lac Superiour, elle n'a en bien des endroits que quelques

lieues de large, et il n'est queres possible de voir un plus mauvais Pays;
mais il est termine par une jolie riviere nomme la Manistie, fort poisson-

neuse, et qui abonde sur tout en Esturgeons. Un peu plus loin, en tiran*

au Sud-Ouest, en entre dans un grand Golphe, dont I'Entree est bordee

(i'lsles, on le nomme le Golphe, ou la Baye des JSToquets. C'est une trds

petite nation, venue des bords du Lac Superieur, et dont il ne reste plus que

quelques Families dispersees <ja et la, sans avoir de demeuse fine. La Baye
(les Noquets n'est separee de la Grande Baye, que par les Isles des

Pouteouatamis."

—

P. de Charlevoix, ^'Journal d^un Voyage," Sfc., vol, 5,

p. 429.

Traine River (Riviere la Traine).—Traine is the old French term for

sleigh or sledge

—

traineau.

Nekomenon, or Dead River (Riviere du Mort).—Probably named
from some tradition of a dead man found near its mouth.

Laughing-fish River {Riviere du Poisson qui rit).—^The origin of thi»

singular name we are at a loss to understand.

li
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Tequamenon.—On Jesuit map, Outakoniman ; meaning unknown.
Green Bay.—The name of this bay on the Jesuit map is " Bape des

PuanSf" the ''Puans'* being the not over-cleanly Indians who inhabited its

borders.

Menomonee River— Indian— equivalent to Wild-rice river. On Jesuit

map, "Riviere des Oumalouminee, ou de la folle avoine."

EscANABA River.—Flat-rock, or Smooth-stone river. Name given in

allusion to the geological peculiarities of the river, as described in the pre-

ceding pages ot this report.

Machigamig River.—A river flowing from a great lake. Spelt on

various maps, Michigamig and Peshekemme.
Machigummi, or Michigummi,—Great lake.

Night-watching [JVibe-go-mi-nini) River.—A branch of the Machi-
gamig, so called because the Indians were wont to watch for game on its

banks by moonlight.

Fb:nce River (Indian, Mitcliikau).—A branch of the Machi-gamig. The
name, Fence river, alludes to the manner of catching the deer, by building

a long line of fence diagonally to the river, and abutting against it, so that

the doer are concentrated at one point.

Pemenee {Elbow).—Falls of the Menomonee river, where the river bends

like an elbow.

Bekuenesec {Smoky).—Name given to a waterfall on the Menomonee,
in allusion to the spray rising like smoke.
Swampy River {Wahaahkiki).

Jack-fish {Ki-no-je-si-kauinjr) Lake.—So called from a species of

Esox (pickerel) inhabiting it in great abundance.

;: ii

Note J.

ERRATA—PART I.

Page 04, line 24; ninety-seven, read sixty-seven.

" 66, line 27; section 16, read section 10.

" 6"^, line 23; town ;j6, read town "Mi.

" 73, Minnesota Company, section 15, read section 16.

" 129, line 5 ; 100 read 50.
'* 13f5, line 33; read, the vein from 8 to 10 inches.

" 140, line i) ; read S. W. qr. of section 33.
" 140, line 37 ; read section 30, township 50, range 39.

147 ; North American Mine, 1700, read 700.

156 ; Product of gold in the United States, 100,000, read 200,000.

160, bottom line; southern slope, read northern.

179, line 6 ; aqua regia, read aqua reginai.

181, line 40; three-fourths, read one-fourth.
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As iii.uiy III" ilii- stif.ini:i i\ii(l |p:iys loiiiii-cU'il with tlic two l.ikcs licnr the same name, in

MU'li .Tisi-H 1,. S. is :iii|iL'iiilc(i to llnnji; ciimuxtcd with Luke Suiiciiur, iiiid L. M. to those with

I^iike Mi(.'hi';MM.

iiioiiiitaiiis, ii'dii orch ol, ;i-AiliniiiilH'''

:{:i, r.4.

.K.y;tMn SIM, clilllMClCT (ll'lllc r,iiiii:i <lt', IS!^.

AilJH.stinciit u\' iiiaiiiK! iili' to (liHrrriii, duplhs
iiml (iiHiMcnt siM-bntLoins, ISii, 11:^.

.i^'iissiz, I... oil llui (lilli'rcnt syslmiis ofdykcs
wiiich frivi^ «.'oii(igiiiiitii)ii tn iin! iioiih

shore ol' l,;iki' .Sii|)i.'iior, |;l: lii'iiTiiuiiiilion

of the iijrc of thii .siiKi's ol' (iiai'is by tliu

fossil lishi's, '.)\ on tho chunictiM' of tin;

lislics iVoiu thi' Clili' liiiiostoiii' of Ohio. Xd'.t.

Age of rocks, iit I'l'iiiotL' poilils, iiol to In; iileii-

lifi(Ml by litllobigi(';d cliiiiiictcrs, 114.

Air, tin; circcts of, on lu^iriiK^ life, wliiui iiiiu-

<f\vA\ with wiitcr, II^N.

Al^cr, .Mr. V.. <|iiotcd, 7H.

Alps, folded siructiirc ol',
-''>: icrciit iigi' of,

Wl'.).

.•Vines, Mr. I . T.. exin'iiiuciits of, on tin; teiia-

eity of iron, M;.

Ainphitheatrc, description of, in the .series o(

the Pictured Hocks, VJf..

Ainyjidaloitlal trap, absence of, in the .Vzoie

series, H, ;)2.

Analysis of iron ores, 7;{, 77 ; of minerals, '.•'i

;

of limestones, ]'.M): of trappean locks, Sli.

vVnalciine, oeenrrciire of, '.)"».

Anatiiasite, deliiied, *<•').

Andes, 'he recent age of. 117^.

.VpophyUile, \\'\.

Appalachian chain, striietiire "

the rocks along the eastern
•278. 28;?.

Aiched Kock. Mackinac, description of. Tit.

Arsenic. )>reseiicc of, in iron ores, 7'2; detec-

tion ot", 72.

Artesian wells, at (ireen liay. '.VXA.

Artificial niinerals, ])rodiictiou ol", throwing
light upon the i)roeess of nie.aniorphisni. '.K

Ash, volcanic, recognised in connexion with

the trapp-'an rocks, 17.

A?;oie, origin of the term. o.

A/oic system, rocks ot' the, :;, S ; condition of

the earth at the time of the deposition of.

X, 1((; development of, on the northern
shore, of Lake, .Superior, 1 1 ; on the southern
shore of, 11: on the sources of the Missis-

.'•ippi, 88; in >[issoiiri, A.rkansas, Tr.\;i:-.,

Xew York, and along the flanks otthe ,\p.

palarhian.s, 88 ; in hcandinavia, and on the

•;>lsnd of .Vnglp.'^ea, 84; in Waler. and Hn-
hemia, 85; period ol'it-j uietAinorphlMn, 2("7.

;
agi

of,

of

liarytes, sulphate of, 'M'.

Uaninieter, list of heights delerinined by, GO.

iJarrande, M., on tho Azoic series of tho
Uohenilan basin, 8').

Hars. riv(;r, occiirrt;iice ol", 2()1.

]}asalt, niineraloglcal composition of, 8.5.

IJatcheewananng Hay, cliaractcr of the rocks
in the vicinity ol', 18, 87.

Bay des No.piets, geologlciil stnicturo of,

i4'.t:' character of the fossils, 14'.».

IJaytield, ("iiptain, W. II., tiled, 87 ; a.s to the
age of the Lake Siii)crior sandstoix*, lo8 ;

longitudes determined by, 8o4.

Ueaches, evidence of, at the dawn of the Silu-

lian iieiioi., 188; ancient lake, as compared
with tin; historical i)erio(L 2t)8, 270.

Beaiiniont. Llle de, on the elevation of moun-
tain eliaiiis, 274, 27(1 ; various .syatem.s of
upheaval, 27'.l; bis identification of certain

.\niericaiiHy.sleins with those ofEurope, 288.

Ueds toinied around islands, with an incliiied

stralillcation, 184.

ISekiienesec Falls, 2').

Ht!lts, river, occurrence of, 200.

Hiot, .M.,i|ii()ted, 188.

Birds-cy(; liiiiestone, raiiflo an<l extent of, in

tin; Lake Superior district, 140; in Wiscon-
sin, 140.

Black-river limestone, r.ange and extent of, in

the Lake Superior district, 140; in AVis-

consiii, 1)1).

Blagodat. iron mines at, til.

lUne limestone of Ohio the equivalent of the

ilndson-river group, l/)0.

liossiiiev, Igneous and nietaniorphic rocks of,

. 111.

,
Botany of the Lake Superior district, 369.

' Boiililers, oeeurrenceof, on the sources of the

Menomonee, 21, 24, 29; at Saut Ste.

Marie, 2tl!i.

Biich, L. von, on the metaniorphism of the

rocks around the Gulf of Finland, 9; on the
recent age of the Andes, 278.

' Buekland. Dr., on the structure of the eyes
of trilobifes, 188.

Biitf ilo (,'oinniercial Advertiser, quoted as to

the llnctuatlons of I;ake Erie, 382.

Buvai, M.. died on iron ores of Elba, 60.

Burt, Mr. John, notice ot' iron deposits bj', 23.

Burt, ^fr, W . A., on the iron ores of Lake
Superior, 21. 22; experiments! as to the

diuiiial \;iiiation ol the needle, 351.

I

ii
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Ciilifcruiib saudslouc. iicnr lliu (jiiiiid Hap-
ids; 27, east oftlic 'I'uiii i'dWa, ."tO; in Wis-
consin, !()'.».

i

Calc-spar, 'J(i.

Canada, iron oith of, Dl.

Caradoc Sandstone, American eiiuivalcnt of,

281.
Carbonate of lime, presence of, in the trap-

pean roclvs, 17.

Carp river (L. S.) character of tin; rocks in

the vicinity of, 1.'); iron t.res in tin! valley

of; CA; view near, (frantisjiiece.)

("arrara marble, a metamorpliic product, '.».

<!astle Uocks, view of, 117.

Catalogue of the exi.stin;^ flora of the Lake
Superior district, ;J0O.

Catalogue of tlie extinct fauna of the Lake
Superior district, '22').

t^edar river, rocks on the borders of, 14o.
Chapel Hock, description of, 12!).

('hazy limestone, range and extent of, in this

district, 140; in AVisconsin, 140.

Chippewa island, junction of the Azoic and
Silurian series, near, 2(i.

Chlorastrolite, analysis of, 07.

Chloride of sodium, existence of, in the Silu-

rian limestones, 19'J.

Chlorite schists, at L'Anse, I'J; at Marquette,
17; at Dead river, 18.

Classification of the rocks of the Lake Supe-
rior district, 2 ; of the gron])s in tlillerent

slates, 5; of iS'ew York, 288.
('leavage of rocks, 1!).

Cliff limestone of Ohir) imd Indiana, not the
equivalent of the lead-bearing limestone,

147; its equivalents in the ^iew York se-

ries, 291.

Clinton, Governor Deivitt, quoted, ;!22.

Clinton group, lithological characters of the,

153; range and extent, Ifj^ ; resemblance
of, to its equivalent in the New York se-

ries, 154; association of, with oolitic iron-

ore, 156.

Coasts, evidence of, at the dawn of the Silu-

rian period, 188.

Cold, effects of, in modifying the range of
marine life, 180.

Confonnability in the Silurian groups, 27.

Continent, ancient, evidence of the existence

of, in North America, 278.

Convergence of range lines, ;!55.

Cooling globe, effects of, on rocks, 8 ; in

forming mountain chains, 27().

Copper, black oxide of, described, 100.

Copper, native, crystalline form of, !)'.(.

Copper, ores of, in the Azoic series, 82.

Corals, limited range of species, 18 i ; reefs,

formed during the accunmlation of the

.Niagara group, 169.

Currents, oceanic, evidences of, during the

deposition of the Potsdam sandstone, 184.

Dana, Mr. James I)., on the distribution of

orals, lot) ; on the occurrence of iionis in

certain latitudes, 110.

Danemora, mines of, 58.

Darwin, Mr. Charles, on thr iaii;i( n( coiiilr>,

180; on the ekiiMi^e of .laic;-. 2V.

DallKdile, analysis of. 101.

Davis, Mr. George C, water tablet br, oi*

Lake Krie, cited, 324.

De la Heche, Sir 11., views of, on the original

liuidity of the earth, 9 ; on the trappeun
rocks of Hossiney, 10 ; on the existence of

non-lbssililerous rocks in the British isles,

below the Cambrian, 84 ; on the effects of
oscillations on organic life, 180.

Dead river, cliaracter of the rocks near, 18.

Denudation, ancient, evidences of, on tho

Menomonee, 27 ; in other portions of the

distii<t, 184 ; of the basins of lakes Michi-
gan and Huron, 170.

Devonian system, groups of the, 1C3, 302.

Diabase, defined, 85.

Diagonal stratification, cxanij)les of, 118, 130.

Dip of beds ac considerable angles not nec!" v
sarily caused by upheava', 177.

Dolerite, defined, 85.

Dolomite, beds of, in Silurian scries, 102.
Dolomitization, theory of discussed, 197.

Drift, general description of the ptienomcmi,
282 ; on the Menomonee river, 24, 2(), 234;
on the west coast of Green Bay, 232 ; iiii

the valley of tlie Manistee, 238.

Dnnnmond's island, geological structure of,

148, 157.

Dry land, evidences of f lie existence of, during
the Silurian e])och. 111, 183.

Dunes, occurrence of, 203 ; their origin, 267.

Dnrtotfher, M., on the occurrence of iron in

Scandinavia, 58; on the trap of the Feroe
islands, 89 ; on the systems of upheaval in

Scandinavia, 280.

Dykes in granite, 39, 40; in the slates, 13.

Earth, survey of tho crust of the, 8; theories

as to its primitive condition and internal

heat, 8, 270.

Kconomic materials of the Azoic series, 82.

Klba, iron ores of, 59.

Elevation of mountain chains, 274.

Elevations and subsidences of the ocean,
their elfecfs on animal life, 185.

Elvans, granitic, 30.

Emanations of iron, specular and magnetic,
during the Azoic period, 09.

Ennnons, Dr. E., on the iron ores of New
York, 08,01.

Engelinann, Dr., on tlie age of the iron ores of

Arkansas, 33.

E]>idote, occurrence of in trap, 90.

Erie, Lake, fiuctnations in the level of, 318.

Erman, Adolph, on the Alden chain of Asia,

and its connection with the llocky moun-
tains, 284.

Krn])ti()iis, volcanic, the products of salses, 17.

Escanaba river, the geological structure of its

borders, 141.

Fntmii, extinct, of the Lake Superior district,

"J20 ; of the I'otsdani sandstone, 203; of i!iB

Calcifeious sandstone, 203; of the Chazy
Birds-eye, Black river, and Trenton lime

stone, 200; of the Hudson-river
IH! Ill llii Cliiilnii criiiiii. ••\.'i: iif tilt |208; of the Clinton si'oup, 215; ot

liint- 4

ioii|., r

till t
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sandstone, 203; oftli«

e, 203 ; of the Cliazv,

L'r, and Trenton linit 4 t

Hudson-river groii|',
f |

a group, 215 ; of U;

Niagara group. 220 ; of thi^ I'fipfr H.-ldcr-

berg series, 223.

Feldspar, analysis of, in the granite, 48-; in

the copper veins, 102.

Fisheries of Lake Michigan and Lake Supe-
rior, 39").

Flats, occurrence of, 2')8.

Fluctuations in the level of the great lakes,

319.

Flora, existing, catalogue of the, 359.

Foldings of tlie strata, 31, 275.

Forbes, Prof. E., on the distribution of marine

life in the /Fgean, 188 ; on the zones of

depth, in animal life, 180.

Forge, Catalan, description of, 78.

Formation, term defined, 2.

Fossil remains, .«w Fauna, extinct.

Fox, Mr. K. \V., experiments of, on cleav-

age, 20.

Fremont, Col. C. J., on the structure of the

Kocky mountains, 278.

Galena, character of the limestones at, 146.

Galena limestone, not identiiMl, as lias l)een

supposed, with the Clitf limestone, imt a

distinct grou)) belonging to the lower Silu-

rian series, 14() ; orgiinic remains, 147.

Geological map of Lake SuiJorior (appendix);

explanation of, 5; of the iron region, apiieii-

dix ; explanation of, 45.

Gellavara, ores at, 59;
<rneiss, a metaniorphic product, 32.

Gould, Dr. A. A., on the distribution of ex-

isting in irine animils, 180.

Graham's Island, volcanic mud of. 17,

(irand laland harbor, 124.

Grand Portal, description of, 128.

Grand Rapids, 27.

Grand Sable, description of, 131.

Granite, its composition. 30,48; gradation^

between it and tiie ])rodiiets of existing vol-

canoes, 30; character ot tlie scenery where
it prevails, 30 ; range of on northern shore of

Lake Superior, 37 ; on the southern siiore,

38; dykes in, 39; age of, 48.

Granite Island, 38.

Great circles of comparison in reference to

the direction of mountain chains, 270, 284.

(Jreen Bay, geological striKtiire of, 15U, 153
;

Artesian wells at, !!93.

Greenstone dertned, 85.

Gros Cap (L. M.), view and description of,

104.

Gros Cap (L. S.), character oi; 38.

Gypsum, occurrence of, at St. Miirtin's, 202.

Hathan, Mr. A- E., on the lluctuations of the

lakes, 331.

Hill, Mr. S. W., 19.

Heights, barometrically determined in the

Lake Superior district, .388.

Tliggins, Mr. S. AV., on the fluctuations of
til 30.

Hitchcock, Dr. JIdward. on the nieri.iional

system of mountain ehiiins in New I.tigliUid.

283; on the iron dejiosits at llawlcx, 01.
tllodge, Mr. J. T., finoted, 78.

lli.fiiiuiin, nil ilii' nietaiiior[tliie action in the

Alps, 9.

Hooks, o,-eurrence of, 258; origin of, 201.

lltmghton. Dr. 1)., cited, 131,138,165; on
the fluctuations of the lakes, 321, 330.

Houghton, Mount, view of, 118.

Iludson-river group, range and extent of, 148;

organic remains, 208.

Humboldt, Alexander von, cited on the for-

mation of granite, 30 ; on the cretaceous

rocks of the Andes, 278.

Huron islands, granitic character of, 38.

Huron, Lake, its bed the result of denuda-

tion, 170.

Ilypersthenc rocks of New York, 83, 63.

Igneous formation of the Azoic system, 3, 8,

13, 16, 32, 37 ; of specular iron ores, 66.

Indian names, applied to the topographical

features of the Lake Superior district, ori-

gin of, 397.

Iron forgo, description of, 78.

Iron, general distribution of in the Lake Supe-
rior region, 51.

Iron, magnetic and sjiccular, occurrence of

near Teal lake, 18; near Machi-gummi, i.2,

51; on the Machi-gamig, 22, 51, 56; near

Twinfills, 28, 31); near Antoine's lake, 31;

at Had river, 51 ; on Iron cascade, 52; at

.lackson ore-bed, 54 ; at Cleveland location,

55; in Scandinavia, 58; Elba, 59; in Russia,

00; Missouri, 01; New York, 03; Massa-

chusetts, 04; Canada, 04; theory of the

origin of, 05; analysis of, from the Lake Su-
]>erior region, 73, 77 ; method of analysis.,

70 ; occurrence of impurities in, 70 ;

metallurgy of, 77 ; tenacity of the pro-

ducts of, 80; banded structure of the ores

of, 08 ; distance of, from navigable water,

in the Lake Superior district, 81.

Iron, manufaeture of, 79; tenacity of, from
dilfereiit regions, 80, 387 ; cost of production

of, per ton. in the Lake Superior district,

81
; i)rodiict of, ii. the United States, 392.

Isle Hoyaie, geolotry .>(, 110; mountain sys-

tem <it'. ii79.

Jackson, Dr. C. T.. views of. with regard to

the age of the Lake Supeii')r sandstone,

contniverled, l:>7, 2H:i,

.lackson forge, teiiacitv of the iron fabricated

at, 80.

Jasper. nietamf)rpliic origin of, 10 ; association

with s|ieciilar iron, 08 : analysis of, 77 ; 00-

curreiiC(M)f, in the Porcupine mountains, 68.

Jesuit Relations, iiotic(! of, 385.

Johnson, Prof. W. R., ex])erhnents of, on the

tenacity <il' iron, 80,387.

Jukes, Mr. Beete. on the (leav:ig(! of coral

rocks. 131).

Jura, system of, 2S0.

Kaniinistif(nia, rive", granite near, 37; moun-
tain systoiii «>f. 1-1 -K

Kewe(>naw Hay, rucks along the shores of, 19.

Keweenaw Point, geological structure of;

117; MiiMiMliiin sy>t('Mi of. 279.

Kiii'j', l)r.. on III!' iiciii Mrr> o(Missouii, 'i^!.

HJ



r^] 101

<

'

I ;;

! Ul

^i!i; i

i j.i.

r<fthriu\orilo, (icoiin'cuoc kI, in ilif tniiipiMii

rooks, H\K '.t.!.

[j«kfs, j^ri'itt «'l>niii of Novtli Aiiifiicaii, tliic-

Mmtions in their li-vi'l, ol'.) ; .siipiiosfil pc-

riodical rise oC, crroin'oiis, M'JO ; diU'i'rfiit

zeros ofri'torciife, !i'-l ; tMl)li's slinwiiifr the

various stages, o'Jo ; ell'ctts ol' wiiiils, ;i;i(>;

i\o tidal niovi'iiUMit in, n-M

.

T^iniiiatiun, lincss of, in tlie slates, HI.

L'Anse a la IJoiiteille, slates of, l:>.

1/Atise Kewcuiiaw, cliaraeter of the rocks

at, 19.

Laphain, Mr. T. A., on the gcolojrj- of a j)or-

tioii of Wiseonsin, 107.

Lathrop, Mr. .lolin, nieasnremcnta of tlic sur-

face of Lake Krie, MH, 8;i'>.

Latitudes of ditTerent i)oiitts on Tiak(^ Supe-
rior, 2t')3.

Lead, Hulphurot of, restrieted mainly to the

(lalcna limestone, 148, 2ltl ; oceurrenee of

at Presqu' isle, 18,82; in Silurian loc's,

201.

Leonhardite, analysis of. lOf.

liesquureux, M., on the formation of peat , 2 10.

ijight, influence of, ou marine life, 18,s.

liiint stone, crystalline, of the A/.oie si.'ijes. on

Carp river, Itt ; on the ^Jaehi-.!i.'lmi;.^ '2-'<
\

,on t.hc Menonionee, 'it, 12S, ;!(); aMa)y>is of,

192; ecououiie application ot, l'.)<.i.

Jilandeilo (lags, the prohable eipiivalent of.

281.

LoK'tu, Mr. \\'. E., cited, -1. 5 : oliservalions

.of, on,the Azoic rocks of the northern siiore

of Lake Superior, 11; <*ii the jj;ranite of

north shote, ;{7 ; on the iron ores of ("anada,

04.

liOngitude of points on Lake Superior, 'i'l;!

:

discrepancy in dilfertuit sets of ohserviv ions,

254.

Loven, Professor, observations of. on the dis-

tribution of nuu'iue I'auna, on tlu' coast of

Norway, 180.

Lumber, statistics of, in the Jiiike Su))eriur

.vListcict, ;i'.l(',.

Lyell, Sir Charles, cited, :i, 11.

Mat'hi-gifW'JTj description of, 22; occurrence

of iron ores on the hordt^s of, 22 ; analysis

of the iron ores from. To.

Machi-guinmi, descrii)tion of, 21 ; occurrence
of iron ores ou the margin of. 22.

Mackinac, Reological structure of, 102; the

Arched kock, liU ; Sufrar-lonf, If).').

Magnetic variations, 340; in Michigan, :M2.

Sol; in Wisconsin, 347.

>(amainsc, trappean rocks /if, l;l.

Manganese, presence of, in iron ores, 72; de-
,tection of, 72.

Map, geological, explanation of, ">.

Marble, beds of, associated witli the Aznic se-

ries, '28, 24, 2S, 30, 83 ; analysis of, li»7.

Marquette, i awn (>f, character of the slates, 17.

Marquette, James, Fere, discovery of docu-
ments relating to the voyage of, 380.

Marshes, alluvial, 2'J7.

Massachusetts, iron ores of, 04.

Mather, Prof. W. W'., ohservntionr; nf, on the

granite in the vicinity of Pigeon river, ;',7
;

oil llic iliaraclii' ol' the sjules hctwei'M

I'riiicc's Hay and T huiidci Cape. I I ; on tin-

e\i.s|{|ice of theA/i'ie s\.s|iMii onliie St.

I'etei's, ;',:<.

Afelaiihyre, defined, S'l.

MenoMionee river, geolo';y of the, 21, 1 l"i ;

topo^rrapjiicai leitiu'es ul, 27.

Mefsch, Mr. ('. I'., citi'd, :!; on the iron ores

of Missouri, til

.

Metallic veins, iit l'resi|n' isle, 18; en (lu*

Menonionce, 2 I, 2'v.

Metalhiigy ot the ii'on ores, 77.

.Mi^lanioriiliiNrii, delined, :!, ',•; ell'ects of, on
sediuientaiy rock'^, 8.

Mica slate of the Machi-;r:'iinig. 2:'..

Michigan, i/aUe, its hasin tlie ri'siill of diMiu-

dation, 170.

Micliipocolcn river, roclis in the vicinity <if, 1"..

Middle Island, incensioin' il>!;..s in thi" gran-
ite of, 38.

Miller Ihigh, cited, ;!0 ; on tlie origin nf
blotches in sandstone, 120.

Minerals, alphahetical list of. in the Lake Su-
perior district. '.'').

.Minerals artillcially foiMiied, in relation l<>

nielaniorphi.sin, '.'.

Miners' Castle (litlureil ll(H-ks), descriplioii
of, 120.

Missouri, iron mountain ul', lil.

Milscheilich, I'liii'., on aililicial mineral pro-
ducts, 10.

Mo(lii!catioii>- (it' marine lite h\ lemperature.
pressure, \e., 1,S7.

Monte Calamita, mines ot', CO.

MoMnmeiii UocU, jslc lioyale, 117.
.Mountains, elevaln ii of, 274: struclnro of,

27'i; caiisi!d hy the earth's <'onlrac,tion,

270 ; iiarallelism in, 277 : ditferent systems
of, iu North America, 277; in Knroiie, 27!l;

eom|nirisou in the ages of tin; respective
eliaitis, 281

.

Murchison, Sir K., cited, 3; on the iiuUamor-
I)hie rocks of the I'ral, 10; on the Azoie
system of Sc:Midimi,via, 31; on the iron
ores ot' Blagodat. (id; pulilicalion of his
" Silurian System," 28.').

Murray, .Mj-., <»n the Sihnlan p-ronps of tlie

northern coast o| Lake Huron, 130.

Xeepigou IJay, granite rocks near, 37.
Xew York, iron ores of, 0;i ; inifiurities in, 78.
\iagara liincstom>, its develo|)nu'nt on the

northern shon-s ot" lakes Huron and Michi-
gan, l.'i7 ; wcsterlv iirolongition of, ]tiO ;

tliicknc'^s of, ICiO.

Niciillet, I. \., fieterinitiation of the longi-
tude of Crow-wing hv, 3.").'); of St. FiOnis,
3.-)8.

Xijny Taailsk, iron mines of, 00.

Xovacniite, beds of. near L'Anse, 10; in the
valley ot' Car|) river, I'l, S3.

f)cean, oscillations oi', at ditforent geological
epochs. 18.1; the effects on animal lit'e,

18() : conditions in, by which tlie character
ofthe deposits was changed. 188.

Onondaga salt group, range of the, 101 : iti:

diminution as traced westwarrilv, 1('i3.

f)l\L;Mnic remains ; //./( I'anna, eMini't
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Tiilftl movomcntd, not obsorvod in the great

lakeH, :i!i7.

TidcH, ovidenco of, (lining tho Silurian epoch,

184.

Titiinium, prosonco of, in iron ores, 72 j me-
thod of detection in, 72.

Trails and tniclxA of animals in tho Clinton

group, H»l, 215.

Truppeiin roclis, of tlie Azoic Rvstcm, 8; on
northern coast of Liiltc Superior, 11, 12, l!J

;

on Houthcrn sliore, 16, 17, 2'), 27,40; defi-

nition of, 85 ; eliemical composition of,

'.H ; analyses of, 8iJ
;
gunoral remarl<8 on, 94.

Trappcan rocks, of the Silurian series, 80;
analyses of, 88 ; remarks on, ()0.

Trap-rock river, view of the fulls of, 118.

Trenton limestone, on the Memnnoneo, 27

;

on tlie Wlilte-flsh, 144; in Wisconsin, ICiO.

Trilobites, occurrence of, in the Potsdam
sandstone, 111, 204.

Tschmli, J. J. Von, cited, 279.

Unconformahlllty between the Jipiicr and
lower series of Azoic schists, on the north

shore of Lake Superior, 11; between the

Azoic and Silurian systems, 17, 2(i.

Ujjper Ilelderbcrg series, l(i3; organic re-

mains of, 106.

Uto, mines of, 59.

Variations of the magnetic needle in the

Northwest, 351.

Vegetation, existing, of the Lake Superior
district, 359.

Vemeuil, M. de, and Mtuchiion, on tlie hnr-
ixontal jiosidon of the Silurian groups in

Russia, 34 ; on tlie metamorphisni oi' the
Silurian, Devonian, and Carboniferous hv-

rlcs in the Ural, 10 ; on ths use of tho
term Azoic, 3 ; on the iron ores of the Ural,
00; on the i)arallellsni of tlic Silurian

groups of Kuropc and America, 293, 297,
299.

Vesuvius, specular iron in the crater of, flfl.

Wade, Major, experiments of, on the tenacity

of iron, 80.

Water, a chemical ingredient in some of llio

tra])pean rocks, CO ; absence of in the iron

ores, 70.

Weginann, M. de, on inclined stratification,

130.

Wenlock shales, their American equivalent,
318.

M'hite-fish Point, (L. S.), dunes of, 205.
M'liite Kaplds, character of the rocks near

the, 27,

Whiting, IJrigfidier General Henry, on the
fluctuations of the lakes, 321, 322.

AVisconsin, outlines of the geologj' of, 107.
Wollastanlte, analysis <»f, 108.

Wootz, Indian, manufacture of, 78.

Zeolites, occurrence of, in traps of Silurian

age, 90; absence of, in traps of the Azoic
age, 91.

Zones of animal and vegetable life in tho
ocean, I8fi, 287.
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