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REPORT OF THE STATE GEOLOGIST. 

 
TO HIS EXCELLENCY MOSES WISNER, 

Governor of the State of Michigan: 

I have the honor to submit herewith, the Report required 
of me by the terms of the Legislative act, approved 
February 15, 1859, and entitled “An act to finish the 
Geological Survey of the State.”  This Report is intended 
to set forth the progress of the geological survey during 
the years 1859 and 1860. 

Allow me, in communicating this Report, to acknowledge 
the many personal kindnesses received at your hands, 
and the appreciative interest which you have always 
manifested in the progress of the work.  Whatever useful 
results may be here embodied, are due in no small 
degree to your connexion with the origin and energetic 
prosecution of the survey. 

 I have the honor to be, 
  Your most obedient servant, 
   A. WINCHELL, 
    State Geologist. 

Ann Arbor, December 31, 1860. 

INTRODUCTION. 

 

SKETCH OF THE HISTORY OF GEOLOGY 
IN MICHIGAN. 

Before entering upon the consideration of the subjects 
strictly belonging to this Report, a brief notice of what 
has heretofore been done in developing the Geology of 
Michigan, will undoubtedly be acceptable to the people 
of our State. 

The explorations and discoveries of the Jesuit 
Missionaries, prosecuted for many years along the 
borders of the great Lakes, may be passed over as too 
remotely connected with the history of Geology in 
Michigan, to justify their introduction into the present 
report.  The record of the wonderful labors and 
sufferings of these early christian missionaries, may be 
found embodied in the numerous volumes of a work 
entitled, “Relations de ce que s’est passe de plus 
remarquable aux Missions des peres de la compagnie 
de Jesus, en la Nouvelle France.”*  A condensed sketch 
derived from this source, is given in Foster and 
Whitney’s “Report on the. Geology and Topography of a 
portion of the Lake Superior Land District, in the State of 
Michigan, Part I.” 

The existence of copper in considerable quantity, upon 
the shores of Lake Superior, had all along attracted the 
attention of the Missionaries.  The first mention made of 
the occurrence of this metal is found in the Relation for 
1659-60.  The first mining enterprise of which we have 
any account, was superin- 

*A copy of this remarkable and rare old work la In the possession of 
Judge Campbell, Prof. of Law to the University.  Other sources of 
Information relative to this period are “Travels of the Jesuits into 
various parts of the world,” &c. Vol. II., London, 1763.  “Early Jesuit 
Missions in North America,” by Rev. William Ingraham Kipp; New York, 
1847.  “Lettres ediflantes et curieuses.” &c.  Tome premier, pp. 187-
818, Paris, 1848.  For a knowledge of these works, I am indebted to 
Prof. White.  Much further information may be found in the “Histoire de 
la Nouvelle France,” and “Thevenot’s Relations de divers Voyages 
Curieux,” and “Recueil de Voyages,” Paris, 1831. 

tended by Alexander Henry, near the forks of the 
Ontonagon river, in 1771. 

The explorations of Alexander McKenzie, commenced in 
1189, extended over a portion of the shores of Lake 
Superior, and thence north-west, over the country, 
whose waters flow into the Arctic ocean.  In the account 
of his travels he speaks of the occurrence of “virgin 
copper” on the south shore of the lake. 

In the year 1800, during the presidency of the elder 
Adams, Congress passed a resolution,* providing for the 
employment of an agent for the purpose of collecting 
information relative to the “Copper Mines” on the south 
shore of Lake Superior; but it does not appear that this 
resolution was ever put in execution. 

In 1819, General Cass, under the authority of the 
Secretary of War, directed an exploring expedition, 
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which passed along the Southern shore of Lake 
Superior,† and crossed over to the Mississippi.  This 
expedition had among its principal objects, .that of 
investigating the north-western copper mines; and was 
accompanied by Mr. H. R. Schoolcraft in the capacity of 
mineralogist and geologist.  His observations are 
recorded in his Narrative Journal of Travels from Detroit, 
north-west,” &c, published in 1821. 

In the spring of 1823, Major Long, acting under the 
orders of the War Department, and accompanied by 
several scientific gentlemen, started on an expedition, 
the object of which was to explore the river St. Peters 
and the country situated on the northern boundary of the 
United States, between the Red River of Hudson’s Bay, 
and Lake Superior.  In returning, they coasted along the 
north shore of this Lake. 

In 1831 an expedition was sent out by the United States 
government, under the command of Mr. Schoolcraft, for 
the purpose of ascertaining the sources of the 
Mississippi river.  Dr. Douglas Houghton was attached to 
this party, and he subsequently 

*Laws of the United States, Vol. III, p. 408. 

†Journal of the Expedition of General Cass. 

speaks of the aid afforded by the observations made at 
this time in tracing the fragments of copper to their place 
in the rock. 

Nothing farther was attempted at elucidating the mineral 
resources of any portion of the territory, until the 
admission of Michigan into the Union in 1836, when the 
government at once proceeded to the organization of a 
general, systematic survey. 

The original act for the organization of the geological 
survey of the State was approved by Gov. Mason, 
February 23d, 1837.*  It provided for a geological, 
zoological, botanical and topographical survey.  Under 
this act the following corps of officers was appointed.† 

Douglass Houghton, Geologist. 

Abram Sager, Principal Assistant; in charge of Botanical 
and Zoological Departments. 

S. W. Higgins, Topographer and Draughtsman. 

Columbus C. Douglass Sub-Assistant. 

Bela Hubbard, Sub-Assistant. 

William P. Smith, Sub-Assistant in charge of Mechanical 
Zoology. 

Messrs. Douglass and Hubbard, during the following 
years, were First Assistants. 

On the 26th of January, 1838, Dr. Houghton presented 
his First Annual Report, a document of 37 pages, in 
which, after alluding to the topography of the State, he 
notices the several geological features of the Lower 
Peninsula under the following heads:  “Upper Sandrock 
of the Peninsula,” “Gray Limestone,” “Lower Sandstone 
or Graywack Group,” “Gypsum,” “Brine Springs,” “Clay,” 

“Sand,” “Marl,” “Bog Iron Ore,” “Mineral Springs.”  
Several pages are devoted to the Brine Springs, and 
numerous interesting analyses of the saline waters of 
Michigan are for the first, time published. 

On the 22d of March the Governor approved a new act, 
reorganizing the survey in more comprehensive terms, 
and with more detailed provisions.‡ 

*Senate Journal 1837, p. 189.  For the Act, see “Laws of Michigan,” 
1887, p. 14. 

†Report, 1838. 

‡ “Laws” 1837-8, p. 119. 

About the same date, acts were passed for the 
incorporation of the “Clinton Salt Works,” and for the 
improvement of the “State Salt Springs.”*  January 1, 
1839, Dr. Houghton presented a special “Report in 
relation to Salt Springs,”† and on the 28th of the same 
month, a Report on Iron Ore in Branch County.‡  The 
same day the Legislature passed an “Act relative to Sail 
Springs.” 

On the 4th of February, 1839, Dr. Houghton presented 
his “Second Annual Report.”§  This document, of 
153pp., was made up as follows: 

1.  GEOLOGY, by Dr. Houghton, 39 pp.  “NORTHERN PART 
OF THE PENINSULA.”  “Topography and General 
Character,” “Rocks,” “Tertiary Clays,” “Shell Marl,” 
“Gypsum,” “Change of Elevation in the Waters of the 
Great Lakes.  SOUTHERN PART OR THE PENINSULA.  
“Coal,” “Salt Springs and State Salt Lands.” 

2.  ZOOLOGY, by Dr. Abram Sager, 15 pp.  A systematic 
catalogue of the animals of the State, as far as 
observed. 

3.  BOTANY, by Dr. John Wright, 29 pp.   A catalogue of 
the plants of the State as far as observed. 

4.  TOPOGRAPHY, by S. W. Higgins, 21 pp. 

5.  GEOLOGY of Eaton, Ingham and Jackson counties, by 
C. C. Douglas, Assistant Geologist, 13 pp. 

6.  GEOLOGY of Wayne and Monroe counties, by Bela 
Hubbard, Assistant Geologist, 36 pp. 

The Zoological and Botanical Departments were 
suspended early in the year by the resignation of the 
officers in charge. 

On the 6th of January, 1840, the State Geologist made a 
report in relation to the Salt Springs║, and on the 3d of 
February, presented his Third Annual Report¶ of 111 
pages, covering the following documents: 

1.  GEOLOGY, by Dr. Houghton, 33 pp.  A description of 
the Topography and Geology of that portion of the Upper 
Penin- 

*Laws 1837-8, p. 165. 

†House Doc., p. 39. 

‡Ib., p. 843. 

§House Doc., 1839, p. 880. 
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║House Doc., 1840, Vol. I, p. 13 

¶Ib. Vol. II, p. 202. 

sula bordering on Lakes Michigan and Huron, followed 
by a notice of the “Clay, Iron Stone and Bog Ores” of the 
Southern Peninsula.  The rocks of the Upper Peninsula 
are here arranged under the two heads Primary and 
Sedimentary.  The latter are subdivided into Lower 
Limerock and Shales, and Upper Limerock. 

2.  TOPOGRAPHY, by S. W. Higgins, 18 pp. 

3.  GEOLOGY, by C. C. Douglass, 23 pp., containing 
“General Remarks on the counties of Jackson, Calhoun, 
Kalamazoo, Eaton, Ionia and Kent,” with considerable 
detail on the rocks of the coal measures, which are 
divided into “Upper” and “Lower Coal Groups.” 

4.  GEOLOGY, by B. Hubbard, 35 pp. containing reports 
on Lenawee, Hillsdale, Branch, St. Joseph, Cass, 
Berrien, Washtenaw, Oakland and Livingston Counties, 
and embracing a systematic description of the various 
formations and economical products of these Counties; 
a notice of the “Ancient Lake Ridge,” and numerous 
practical suggestions on the use of Peat and Marl. 

A Committee of the House of Representatives reported 
on the reports of the State Geologist, at this session of 
the Legislature,* and the Zoological and Botanical 
portions of the act establishing the Survey were 
repealed.  On the 28th of March, an act was passed 
relative to the maps of the State and Counties. 

The Fourth Annual Report of the State Geologist was 
presented February 1, 1841.  This Report embraced the 
following documents: 

1.  GEOLOGY, by Dr. Houghton, 89 pp. This was devoted 
to a description of the Topography, Geology and 
Minerology of the country bordering on Lake Superior.  
The classification of the rocks will be embraced in the 
table which follows.  The report embraces a masterly 
discussion of the Mineral Veins of the “Trap, 
Conglomerate, &c,” and concludes with notices of the 
“Furs, Fish and Harbors of Lake Superior.” 

2.  LATITUDES AND MAGNETIC VARIATIONS, by Frederick 
Hubbard, Special Assistant, 6 pp. 

*House Doc. 1849, Vol. II, p. 455. 

3.  GEOLOGY, by C. C. Douglass, 15 pp., devoted mainly 
to the general geology of the northern portion of the 
Lower Peninsula, bordering on Lakes Huron and 
Michigan. The geological series, as here made out, will 
also be embraced in the table. 

4.  GEOLOGY, by B. Hubbard, 83 pp., devoted to a 
general resume of the geology of the organized 
counties, with tables of the formations. 

5.  TOPOGRAPHY, by S. W. Higgins, 26 pp., containing 
valuable tables of magnetic variations, and of the rise 
and fall of water in the lakes. 

On the 4th February, Dr. Houghton presented a Report 
of the progress of the County and State maps.* 

Through the pressure of the financial crisis under which 
the State and country were still suffering, the Legislature 
was induced to curtail the appropriations for the 
continuance of the survey.  The Fifth Annual Report 
therefore, dated January 25th, 1842,†† is a brief paper 
of six pages, containing some notices of the geology of 
the western portion of the Mineral District of Lake 
Superior, surveyed by Dr. Houghton in connexion with, 
his duties as Boundary Commissioner.  Dr. Houghton, 
not content that a work to which he had devoted so 
much labor, and for which he had undergone so many 
privations, should be interrupted, and perhaps frustrated, 
by the supposed inability of the State to carry it on, 
devised, in 1844, in connexion with William A. Burt, Esq., 
the plan of connecting the linear surveys of the public 
lands of the United States, with a a geological and 
mineralogical survey of the country.  This plan was fully 
set forth in a paper prepared and read by him before the 
“Association of American Geologists,” at Washington, in 
that year.  The immense advantages likely to result from 
such a survey, if successfully carried into execution, 
were at once comprehended.  The Commissioner of the 
General Land Office, having obtained a promise from Dr. 
Houghton to undertake the work, recommended to 
Congress an 

*House Doc. 1841, p. 94. 

†Joint Doc., 1842, p. 439. 

appropriation for that purpose.  This was made, and the 
survey commenced by Dr. Houghton.*  According to the 
plan agreed upon between Dr. Houghton and Mr. Burt, 
the township lines of the Upper Peninsula were to be run 
by Mr. Burt, or under his supervision, while the 
subdivisions were to be made by other deputy 
surveyors—Dr. Houghton having the especial control of 
the whole.  All rocks crossed by lines were to be 
examined, specimens taken, and the exact locality 
noted, while at the same time as much information as 
could be obtained, was to be collected in relation to the 
geological and topographical features of the country.  
The surveyors were to be accompanied along the lines 
by a special barometrical observer.  This system had 
been fairly organized, and the field work of one season 
nearly completed, when his melancholy death by 
drowning, occurred during a storm on Lake Superior, 
near Eagle river, on the night of Oct. 18th, 1845.†  This 
unfortunate termination of the survey’ was 
communicated to the Legislature by S. W. Higgins, on 
the 7th of January, 1846.‡ 

According to the plan entered upon, a full and minute 
report was to have been prepared and returned by Dr. 
Houghton, to the office of the Surveyor General.  On the 
decease of the head of the survey, his administrators 
employed Messrs. William A. Burt and Bela Hubbard, to 
compile reports on the geological results of the work for 
1845, from the field notes of that year.  Mr. Burt’s Report 
was prepared from his own notes, and Mr. Hubbard’s 
from those of Dr. Houghton.  These two Reports§ unfold 
in an admirable manner the geological structure of the 
trap and metaphorphic regions of Lake Superior, and 
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anticipate results which were subsequently worked out 
by the United States Geologists.  The notes and maps of 
three townships were in Dr. Houghton’s possession at 
the time of his death, and were never recovered. 

Thus ended the first geological survey of our State—a 
work 

*See “The Mineral Region of Lake Superior,” by Jacob Houghton, Jr. 

†Ib.  Also Foster and Whitney. Rep. Vol. I, p. 14. 

‡Joint Doc. 1846, No. 12. 

§For my knowledge of these Reports I am entirely indebted to the work 
of Jacob Houghton, Jr., before referred to. 

inaugurated within a little more than a year after her 
admission into the Union, and prosecuted, consequently, 
in the midst of the greatest embarrassments.  But though 
the work was unavoidably arduous for the geologist, and 
expensive for the State, it served to acquaint the world, 
at an early day, with many of the sources of our mineral 
wealth, and to awaken and maintain a lively desire for 
more full and definite information relative to the Coal, 
Salt, Gypsum, Copper and Iron, of which the published 
Reports of Progress had afforded hasty glimpses.  Dr. 
Houghton’s Report, published in 1841, furnished the 
world with the first definite information relative to the 
occurrence of native copper in place, on Lake Superior;* 
and the promise of wealth now so rapidly growing up in 
that region, has been to a great extent created by the 
attention drawn in that direction by this Report of my 
lamented predecessor. 

The subjoined table, setting forth the order of 
arrangement of the rocks of the State, as compiled from 
Dr. Houghton’s Annual Reports, and those of his 
assistants, will perhaps sufficiently extend, for the 
present occasion, this historical reference to the former 
State Geological Survey. 

Succession of Strata in Michigan, as published in 1838-
41, Arranged in Descending order. 

XXXI.  Recent Alluvions, (Hubbard, Rep’t 1841, p. 122.) 

XXX.  Ancient Alluvions, (lb. 120.) 

XXIX.  Erratic Block Group or Diluviums, (Ib. 115.) 

XXVIII.  Tertiary Clays.  (Houghton, 1839, p. 17; 1841, p. 
43; Hubbard, 1841, p. 123.) 

XXVII.  Brown or Gray Sandstone.  (Douglass, 1840, p. 
69; Hubbard, 1841, p. 130.) 

XXVI.  Argillaceous Iron Ore in thin included beds, (Ib.) 

XXV.  Coal Strata, alternating with friable, slaty 
sandstone, and thick beds of black shale and 
slate, (lb.) 

XXIV.  Red or variegated sandstone.  (Douglass, 1840, 
p. 70; Hubbard, 1841, p. 129.) 

*Whitney’s Metalic Wealth of the United States, p. 248. 

XXIII.  Gray and yellow sandstone.  (Hubbard, 1841, p. 
128.) 

XXII.  Shales and coal of the “lower coal measures.”  
(Douglass, 1840, p. 65; Hubbard, 1841, p. 126.) 

XXI.  Blue, compact, slaty sandstone.  (Hubbard, 1841, 
p. 136.) 

XX.  Gray limestone, or Upper Limerock—14 ft 
(Hubbard, 1841, pp. 125-130.)  Douglass places 
this between the “Upper” and “Lower Coal,” and 
says the Gypsum is above, or embraced in it.  
(1840, pp. 62-67.)  The Gypsum is also placed 
above by Houghton.  (1839, p. 11.) 

XIX.  Fossiliferous ferruginous sandstones.  (Hubbard, 
1840,. pp. 81-88.)  Thinned out at Grand Rapids.  
(Hubbard, 1841, p. 138.)  Subdivided as follows: 

G.  Coarse, quartzose, yellowish gray sandrock, 
30 ft. 

F.  Ash colored, or brown sandrock, with marine 
fossils, 15 ft. 

E.  Dingy and green, finegrained strata, with 
occasional fossils and ferruginous spots. 

D.  Hard gray stratum of sandrock, 1 ft 

C.  Dingy-green, finegrained sandstone, 
interstratified with slaty sandstone, and 
apparently with blue clay shale, 15 to 20 ft. 

B.  Yellow, fossiliferous sandrock.  Abounds in 
marine fossils.  20 ft 

A.  Finegrained sandrock. 

XVIII.  Kidney Iron Formation, 45 ft. (Hubbard, 1840, p. 
86; 1841, p. 13; Houghton, 1840, p. 25.)  
Considered the bottom of the Carboniferous 
System. 

XVII.  Sandstone of Pt aux Barques.  Passes south-west 
and underlies the sandstone of Hillsdale county, 
though not exposed there.  (Hubbard, 1841, p. 
132.)  Divided as follows: 

B.  Coarse sandstone or partial conglomerate.  
(Hubbard, 1841, p. 136.) 

A.  Yellow and greenish sandstones.  (lb.)  The 
sand- stones XVII are supposed to be 
equivalent to the Ohio “Conglomerate” and 
“Waverly Sandstone.”  (Hubbard, 1841, p. 
132.) 

XVI.  Clay Slates and Flags of Lake Huron, 180 ft.  
(Hubbard, 1841, p. 136.)  Divided into 

B.  Argillaceous sandstone, alternating with 
sandstone and clay slates. 

A.  Blue clay slates and flags, with alternating 
gypsum beds and gypseous marls.  These 
two (A and B) constitute the, “Upper Salt 
Rock” (Hubbard, 1841, p. 133).  The 
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gypsum of Grand Rapids is placed here by 
Hubbard, (1841, p. 133). 

XV.  Pt. an Gres and Manistee* limestone (Douglass, 
1841, pp. 102, 103). 

XIV.  Soft, coarse-grained sandstones, 230 ft.  (Hubbard, 
1841, p. 133.)  Pierced at Grand Rapids, in the 
salt well of Lucius Lyon.  The “lower salt rock” of 
Ohio, Va. and Mich. (lb. 133.) 

XIII.  Black bituminous, aluminous slate, with pyrites 
(Hubbard, 1841, p. 134). 

B.  Light blue, argillaceous (Douglass, 1841, p. 
102). 

A.  Black, containing pyrites.  (Ib.) 

XII.  Limestone of Lake Erie, (Hubbard, 1839, pp. 88, 
105; 1840, p. 83; 1841, p. 134).  Subdivided as 
follows: 

D.  Corniferous limestone, (Douglass, 1841, p. 
102). 

C.  Thunder Bay and Little Traverse Bay 
limestones, (Douglass, 1841, pp. 112, 103). 

(f)  Blue silicious limestone, (Douglass, 
1841, p. 109.) 

(e)  A confused mass of broken fossils, 
imbedded in clay.  (lb.) 

(d)  Vesiculated chert, colored with iron.  
(lb.) 

(c)  Flaggy limestone in very thin layers.  
(lb.) 

*The limestone referred to by Douglass seems to be rather on the 
Muskegon than on the Manistee river, which is many miles farther 
north. 

(b)  Blue clay with iron pyrites.  (Douglas, 
1841, pp. 109.) 

(a)  Light blue limestone. 

B.  Black bituminous limestone.  (Douglas, 1841, 
pp. 102, 103.) 

A.  Blue limestone.  (lb.) 

XI.  Mackinac limestone, (Douglas, 1841, p. 102, 103,)—
”Manitoulin Portion of Upper Limerock.”  
(Houghton, 1840, pp. 19, 21.) 

X.  Polypiferous Portion of Upper Limerock.  (Houghton, 
1840, pp. 19, 21. 

IX.  Pentamerus Portion of Upper Limerock.  (lb.) 

VIII.  Lower Limerock and Shales.  (Houghton, 1840, p. 
16.) 

VII.  Sandy Limerock.  (Houghton, 1841, p. 20.) 

VI.  Upper grey Sandstone.  (Houghton, 1841, p. 19.)  
Not conformable with next stratum. 

V.  Lower, or Red Sandstone and Shales.  (Houghton, 
1841, p. 119.) 

IV.  Mixed Conglomerate and Sandstone.  (Ib.)A 

III.  Conglomerate.  (lb. 17.)B 

II.  Metamorphic Rocks.  (lb. 16.)C 

I.  Primary Rocks.  (lb. 15 )D 

Little more than a year after the suspension of the 
survey under Dr. Houghton, Congress passed an act, 
approved March 1st, 1847, embracing provisions for the 
geological exploration of the Lake Superior Land District, 
organized by the same act.  Under this act, Dr. C. T. 
Jackson was appointed by the Secretary of the 
Treasury, to execute the required survey. 

After having spent two seasons in the prosecution of this 
work, he presented a report of 801 pages,* and resigned 
his commission.  In the meantime, the survey was 
continued, and subsequently completed by Messrs. 
Foster and Whitney, United States Geologists.  Their 
Report, of 224 pages, on the “Copper 

A, B, C, D.  The Traps Intersect this series variously. 

*Ann. Mess, and Doc. 1849-50, Part III.  Also, Senate Doc. 1st Sess. 
31st Cong. Vol. 3, 1849-50. 

Lands,” was submitted as Part I., on the 15th of April, 
1850.*  Part II., on the “Iron Region” and General 
Geology, was submitted November 12th, 1851, and 
forms a volume of 406 pages and XXXV. Plates.†  
Messrs. Foster and Whitney were aided in the field work 
of the survey by Messrs. S. W. Hill and Edward Desor as 
first assistants; by Mr. William Schlater aft Draughtsman, 
and Mr. W. D. Whitney as Botanist.  The fossiliferous 
region was also passed over by Prof. James Hall, the 
palæontologist of New York, whose observations and 
general conclusions are embodied in the Report, 
together with papers on the Geology of Wisconsin, by 
Dr. I. A. Lapham, and Col. Chas. Whittlesey.  The latter 
also communicated important chapters on the “observed 
fluctuations of the surfaces of the Lakes,” and “magnetic 
variations,” with a “comparison of terrestrial and 
astronomical measurements.” 

The examinations reported upon in Part II., extended 
around the entire Lake shores of the Upper Peninsula, 
as far as the head of Green Bay, and embraced the 
islands at the head of Lake Huron, from Mackinac to 
Drummond’s Island.  The groups of of rocks observed 
wore found to conform to the geology of New York and 
other States, and a parallelism was established, from the 
Potsdam Sandstone to the Upper Helderberg Group. 

No further public geological explorations were made 
within the limits of our State, until the commencement of 
the present survey.  The mining companies of Lake 
Superior, however, maintained a series of local 
explorations, which have contributed a vast amount of 
detailed information, destined to be of the greatest 
service in the compilation of a general report. 
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During the legislative session of 1858, numerous 
petitions were presented for the completion of the 
geological survey of the State.  The number was greatly 
increased at the session of 1859, and, although the 
condition of the State Treasury was reported to be such 
as hardly to justify embarkation upon any extraordinary 
expenditures, it was finally deemed advisable to make 

*Executive Doc. No. 69, 1st Sess. 31st Cong., Vol. 9, 1849-50. 

†Executive Doc. No. 4, Special Sen. 32d Cong., Vol. 3, 1861. 

a commencement of the work of completing the 
geological survey, and preparing for publication in a 
convenient and practical form, a Report upon the 
Geology of the State, drawn from original observations, 
and all other accessible sources.  The terms of the act 
approved February 15, 1859, were copied almost literally 
from the original act of 1837; and the survey thus 
instituted, possessed, of course, all the scope of the 
original undertaking. 

The following Report embraces only the results of the 
actual observations made during the past two seasons.  
It must be borne in mind, however, that the provision 
made for the prosecution of this survey, has not as yet 
been such as to permit its complete organization; and 
the heads of the principal departments have only been 
employed during such time as could be spared from 
other and regular professional engagements. 

PART I. 
GEOLOGY. 

CHAPTER I. 
ORGANIZATION OF THE SURVEY, AND 

PLAN OF OPERATIONS. 
On the receipt of my commission, dated March 9th, 
1859, designating me to take the charge of the work 
provided for by the “Act to Finish the Geological Survey 
of the State,” approved February 15, 1859, I met you, by 
request, for the purpose of consultation upon a plan of 
operations adapted to the circumstances then existing.  
Besides the act just referred to, a joint resolution had 
been previously passed, making an appropriation for the 
“publication of Dr. Houghton’s Notes.”  An examination 
of such sources of information as were accessible, had 
shown, however, at the time of our interview, that there 
were no, “notes” made by Dr. Houghton or his assistants 
which had not already been reported from, either by the 
observers themselves, or in the manner provided for by 
Dr. Houghton’s administrators, except the field notes 
upon four .townships in the Upper Peninsula, which were 
lost at the time of the melancholy occurrence which 
terminated the original survey.  It resulted, that the only 
further use which could be made of the “notes” referred 
to in the resolution, would be to work them up into a 
detailed report upon the geology of the State, as 
understood twenty years ago, before the geology of New 
York, Canada, and the Northwest, had contributed such 

important aids to the proper understanding of the 
geology of our own State.  While such a publication as 
this would be but a just tribute to the men who had 
labored and suffered for years in this great work, it was 
not deemed compatible with the interest of the State, nor 
conducive to the advancement of science, to prosecute 
the publication of Dr. Houghton’s “notes” in all the details 
of a final report, and immediately follow is with another 
report, already provided for, which should complete the 
elucidation of our geology, and adapt it in all respect to 
our present wants and the present state of the science.  
This view seemed the more consistent, since any 
adequate report upon our geology could not fail to do 
justice to the names of those who were the pioneers in 
Michigan geology. 

After the interval which had elapsed since the date of the 
explorations made in the Lower Peninsula of the State, it 
was obvious that a great multitude of facts must have 
come to light, calculated to have a bearing upon any 
final conclusions as to the geological succession of our 
strata.  New natural exposures of the underlying rocks, 
had been discovered, new quarries had been opened, 
the working of coal and gypsum had actually-
commenced on a successful scale, and especially were 
new opportunities presented for the collection of 
fossils—the language in which geological records are 
written.  It seemed necessary, therefore, to undertake 
the same thing which had been undertaken by 
Massachusetts, by South Carolina, Tennessee, and 
other States.  The ground was to be gone over again, for 
the purpose of posting up our collection of, facts.  The 
Lower Peninsula, as being least understood, was to 
receive the first reconnoissance.  Detailed examinations 
were to be made, only with reference to settling the 
geographical distribution of the coal, and resolving other 
questions of immediate economical importance.  The 
report which follows, will show I trust, a satisfactory 
degree of success in making these determinations.  The 
geological observers, in the progress of their work, were 
to embrace favorable opportunities for the collection of 
zoological and botanical specimens; and the zoological 
observers were to make note of all geological data which 
came in their way. 

In pursuance of the plan agreed upon, I made an 
excursion on the first of April to the Maumee river, 
where, by the enlightened liberality of Mr. George Clark, 
the proprietor of several fishing stations on the rivers and 
lakes, I was enabled to secure two or three barrels of 
specimens of the various species of fish, and other 
aquatic animals common to southeastern Michigan and 
northern Ohio.  At the same time, Dr. Manly Miles, who 
had been designated to take special charge of the 
department of Zoology, descended the Saginaw river to 
its month, in company with a young man who was 
subsequently employed during the season as taxidermist 
and general assistant.  About the middle of May, the 
necessary preparations having been completed, I 
entered upon the field work of the season, by 
commencing a geological survey of the county of 
Monroe.  In this part of the work I was accompanied by 
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Messrs. A. D. White and Lewis Spalding, two students of 
the University, who volunteered their assistance for the 
mere payment of their traveling expenses.  Mr. White 
continued in the service of the survey during the season, 
and was again employed the present season.  I am 
happy here to testify to the faithful, able and obliging 
manner in which he has co-operated in the execution of 
all my plans. 

After the completion of our observations in Monroe 
county, our reconnoissance was extended through 
Jackson, Hillsdale, Lenawee, Branch and Calhoun 
counties.  Having familiarized myself with the character 
of the Coal Formation in the vicinity of Jackson, and 
traced its limits to the east and west of the city, I had no 
hesitation in pronouncing upon the non-existance of coal 
at Jonesville, or in Hillsdale county.  I subsequently had 
the opportunity to discourage the explorations for coal in 
the vicinity of Albion, misguided to the same extent as 
those of Hillsdale county.  Similar duties, always 
unpleasant, and often met by ingratitude and incredulity, 
have had to be performed in scores of other places.  The 
observations made at Jackson, Woodville, Barry, Albion, 
Marshall, Battle Creek, Union City, Jonesville and 
Hillsdale, have proved exceedingly instructive, as will be 
shown in the ultimate publication of the details of the 
survey. 

The south-western part of the State promising to be less 
productive of useful observations, Mr. White was 
instructed to traverse the counties of St. Joseph, Cass, 
Berrien, Van Buren and Kalamazoo, along designated 
lines, while I entered upon the examination oft the 
regions bordering upon the lines of public conveyance.  
Our party of two, was thus converted into two parties, 
each attending, more or less, to all the departments of 
the survey.  In the beginning of autumn, we met by 
appointment, at Grand Haven, and proceeded over the 
country to Grand Rapids.  Here I made an examination 
of the geological relations of the gypsum and salt, and 
announced, as is believed, for the first time, the true 
geological position of those important products.  Here 
Mr. White was detained several weeks by an 
intermittent, contracted from exposure at Grand Haven.  
In the mean time, however, he succeeded in making 
several excursions into the northern part of Kent county.  
Towards the last of October, I returned to Grand Rapids, 
and after completing my geological observations, 
communicated, by request, to James Scribner, Esq., in 
writing, my conclusions as to the geology of the Grand 
River Valley, and the depth at which the brine horizon 
would be found to lie.  I stated that the source of the 
brine was from the shales of the gypseous group, near 
its base; and that I had no evidence of the existence of 
stronger brine at any greater depth in the formations 
which outcrop in the southern part of the State.  I said 
that though the underlying formations are all somewhat 
saliferous, they are not strongly so, but that there are 
fissures and powerful currents of water at certain points, 
which would render extremely unpromising the search 
for salt below the gypsum formation.  I recall these 
declarations at this time, for the purpose of vindicating 

the reliability of geological inductions, however 
unfavorable to individual or local interests and 
prejudices. 

From Grand Rapids I proceeded to a cursory 
examination of the coal of Shiawassee county, and the 
brine of Saginaw county, while Mr. White proceeded 
through Barry, Eaton and Jackson counties, to Ann 
Arbor.  I found the salt boring at East Saginaw 
progressing successfully under the enlightened 
management of Dr. Lathrop, one of the best geologists 
in our State, who had stimulated this enterprise as an 
inference from purely geological data.  My observations 
upon the outcrops of the rocks which, this boring was 
penetrating, enabled me to predict with considerable 
confidence the depth at which the salt bearing rocks of 
Grand Rapids would be reached.  The subsequent result 
very happily justified my judgment, and we are enabled 
to day to look upon one of the leading enterprises of the 
State as the direct offspring of theoretical geology. 

Dr. Miles, after spending some time on the Flint and 
Saginaw rivers, visited the numerous lakes and streams 
of Oakland, Livingston, Genesee, Lapeer and 
Washtenaw counties, and toward the close of the 
season paid a visit to the western part of the State.  He 
was accompanied during most of the season by Mr. 
Dodge, of Flint, and for a few weeks by Dr. Jewell, of 
Ann Arbor.  While in the vicinity of Flushing, in Genesee 
county, he collected valuable observations and 
specimens from the outcrop of the coal series; and these 
have been communicated, with proper diagrams, to this 
department. 

In December, I entered upon a comparative examination 
of Michigan and Ohio gypsum.  A chemical analysis of 
each was made, at my request, by Prof. L. R. Fisk, of the 
Agricultural College; and at the instance of C. A. 
Trowbridge, Esq., of Detroit, I drew up a paper on the 
subject, which was placed in his hands. 

In the month of February, 1860, I paid a visit, by request, 
to the salt works at Grand Rapids.  I collected 
information, and explained the indications, in the light of 
the geological observations which I had made in the 
southern part of the State; and while there, delivered a 
public lecture open the subject of Salt and its Geological 
Relations. 

About the first of March, I drew up a paper embracing a 
brief exhibit of the geology of the southern peninsula, 
and a condensed statement of the borings at various 
localities for salt.  This was transmitted to Dr. Potter, the 
Superintendent of the salt operations at East Saginaw, 
for the purpose of informing the company which he 
represented, as to the geological position which their salt 
boring had reached, and what might be expected as the 
consequence of continuing to greater depths.  For this 
communication, the company returned me a very polite 
resolution of thanks, with a request for permission to 
make the communication public. 

On the 9th of April, I transmitted to you, an Informal 
Report on the progress and results of the survey, which, 
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while not called for by the terms of the Act, was intended 
as an acknowledgement of the enlightened interest 
which you had all along manifested in the progress of 
this work. 

Before the close of March, I had commenced 
preparations for the field work of 1860.  On consultation 
with Dr. Miles, it had been agreed to unite the geological 
and zoological parties, and thus incur the expense of but 
a single outfit.  The principal part of the season’s 
business was to be upon and near the shores of the 
great Lakes.  In these situations, where natural sections 
are always presented down to the surface of the water, 
rock exposures are much more frequent than in the 
interior.  By determining the points on each side of the 
Peninsula, where the various formations intercept the 
lake shores, there is little difficulty in tracing 
approximately the lines of outcrop across the State. 

It was intended to prosecute, before the season was 
sufficiently advanced for safe navigation in small boats 
upon the lakes, an examination of the vallies of the Cass 
and Tittibawassee rivers.  Reports which had been rife 
during the previous season, of discoveries of coal, lead, 
iron, and “volcanic” rocks and “craters,” in the vicinity of 
the Cass river, excited the hope that some unexpected 
developments might accrue from a scientific examination 
of that region; while on the other hand it was hoped that 
the ascent of the Tittibawassee would result in some 
revelations as to the nature and limits of the coal and 
salt formations.  On the 18th of May, Dr. Miles and Mr. 
White set out upon the exploration of the Cass, but the 
anticipated survey of the Tittibawassee, by myself, was 
prevented by extreme family affliction, and death, 
occurring on the very day that I had designated for my 
departure. 

Finding that a suitable boat could not be procured in the 
tower part of the State without great sacrifices, I visited 
the Sault, in the last of May, and purchased, at a great 
saving, a Mackinaw boat, which proved to answer our 
purpose perfectly.  Early in June, the surveying: corps 
made a rendezvous at East Saginaw.  Besides Dr. Mile’s 
and myself, the party consisted of Mr. White, Mr. N. H. 
Winchell, who had been engaged as botanical assistant, 
and two voyageurs, who had been secured at the Sault. 
After carefully exploring the whole coast, from the mouth 
of the Saginaw river to the vicinity of White Rock, the 
party returned and entered upon the examination of the 
west coast of the Bay and Lake, which was continued to 
Mackinac.  After an examination of this and the 
neighboring islands we coasted along eastward to 
Drummond’s Island, which, at this time and 
subsequently, was completely circumnavigated. We 
proceeded thence to the Bruce and Wellington mines, 
and thence to the Sault.  Here my plan of operations 
called me to another part of the State; and as Dr. Miles, 
who had left the party at Thunder Bay on the 4th of July, 
did not rejoin it at the Sault, Mr. White led the 
explorations for the remainder of the season.  His 
instructions took him back to the islands at the head of 
Lake Huron, and thence to Mackinac.  At this place Dr. 

Miles rejoined the party.  Thence they coasted along as 
far as Northport, on the south side of Grand Traverse 
Bay, following all the indentations of the coast, and 
entering all the small lakes accessible by navigable 
streams.  From this point the party returned home. 

In August I made an excursion to Cleveland and the 
Cuyahoga Falls, for the purpose of procuring data with 
which to compare my observations upon the coal 
measures and other perplexing strata in our own State. 

In September, I made, by request, a special examination 
of the coal measures located in the vicinity of the Detroit 
and Milwaukie railway, in Shiawassee county, and 
transmitted the results of my observations, to W. K. Muir, 
Esq., Superintendent. 

I subsequently .revisited Grand Rapids, and made 
examinations of some portions of Ionia, Clinton and 
Ingham counties. 

Deeming that a popular exhibition at the State Fair of the 
economical result of the surrey, thus far attained, would 
conduce to the diffusion of. information relative to our 
resources, and the awakening of increased interest in 
the survey, I made for this purpose a selection from such 
specimens as had been at that time unpacked, and drew 
up, on a large scale, an outline map of the geology of the 
State to accompany the specimens in the exhibition.  
This undertaking appeared to be highly appreciated, the 
vicinity of the collection being continually crowded with 
interested observers and inquirers.  The appreciative 
notices of the press were also of a very gratifying 
character.  I have reason to believe that the exhibition, 
though very hastily got together, and very incomplete, 
was productive of considerable good. 

In September, 1859, I issued a circular addressed to 
County Surveyors, and others throughout the State, the 
object of which was to procure reports from competent 
persons, on the topography of the various counties; the 
localities of rocks and minerals; the nature of the soil; the 
distribution of timber, &c.  Several responses were 
promptly made to this circular, and I feel confirmed in the 
opinion that the county surveyors or former surveyors of 
the State, or in case they will not act, the private 
surveyors and engineers of the various counties, have it 
in their power to contribute to the prosecution of the 
geological survey, some of the meet valuable 
information.  Localities of rock exposure must almost 
always come to the knowledge of the linear surveyor, 
and, by communicating this knowledge to the geologist, 
great expense and delay may be saved, in traversing 
territory barren of geological indications.  I would take 
this opportunity to urge upon surveyors and others, the 
importance of the service they are thus able to render to 
the geologist, with very little extra trouble to themselves. 

The only communications actually received to this time 
in response to the above circular, are the following: 

1.  Kent county, and the region west and north-west.  By 
John Ball, of Grand Rapids. 
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2.  The valley of the Au Sauble river.  By S. Pettibone, of 
Ann Arbor. 

3.  Brownstown, Wayne county.   By B. F. Woodruff, of 
Brownstown. 

Several other communications are promised, and 
supposed to be in progress. 

The unpacking and labeling of the immense numbers of 
geological specimens required to illustrate the geology of 
all parts of the State, and complete the suites of 
duplicates called for by the Act establishing the survey, 
forms, no inconsiderable share of the mechanical labor 
imposed upon the geologist.  The locality of each 
individual specimen must be preserved from the time at 
is broken from the rock, through all the vicissitudes of 
bagging, transportation by hand, boxing transportation 
by public conveyance, and unpacking; and not only this, 
for where a cliff presents two or more strata successively 
superimposed, it is essential for the geologist to know 
what fossils or other specimens are afforded by each 
stratum.  Allusion is here made to the subject, for the 
purpose of explaining thus early, the system of 
permanent labels which has been adopted.  Every 
locality visited by the geological surveyors is designated 
by a separate number.  These locality-numbers form a 
series reaching from the beginning to the end of the 
survey.  In a book of localities provided for the purpose, 
the precise locality corresponding to each number is 
stated in full, to which are added the name of the owner 
of the land, (when known,) the formation exposed, the 
fossils found, and remarks.  On every specimen 
collected is stuck a small oval piece of yellow paper on 
which is written the number designating the locality, 
which, in this way, is sure to be made an inseparable 
part of the specimen.  The successive strata at any 
locality are designated by the letters of the alphabet, in 
all cases beginning at the lowest stratum. 

The specimens collected during the past season have 
filled over a hundred, boxes, and when it is known that 
each box contains from fifty to one hundred specimens 
some idea may be formed of the amount of manipulation 
required far the permanent and effectual labeling of the 
specimens.  The subsequent study of the specimens is 
still an additional labor. 

Besides the keeping of the book of localities, every 
observer keeps a minute account of all his observations, 
written in a field book on the occasion, while the objects 
are before him and all their relations are fresh in his 
mind.  Such inferences as the state of facts is calculated 
to suggest, are put down at the same time.  Thus, 
though subsequent observations may materially modify 
or reverse these conclusions, they at all times possess 
the value of being the impression made upon the 
judgment, with alt the observed facts vividly before the 
mind.  All these notes are, at the end of the season, 
transcribed in order, in a Note Book kept for the purpose. 

The third book kept is intended to show the geology of 
each township of the State.  Under the several counties 
are arranged the townships in alphabetical order; and 

opposite the name of each, are references to every 
locality visited in it.  Turning to these localities in the 
Note Book, all that has been learned of the township is 
at once before the eye. 

Still another book is provided for memoranda, historical 
data, office work, &c.  Thus, by this extensive and 
minute system of records and references, everything 
which has been done or learned is at all tunes 
immediately accessible; and no casualty to the 
geological corps, could result in losses as serious as 
when a large part of the data are left till the close of the 
survey, in the custody of individual memories. 

The limited provision made for the prosecution of the 
survey has rendered it impossible to engage the 
services of a chemist and mineralogist.  The work of a 
geological survey—not including the zoology, botany, 
meteorology, and other researches generally attached to 
it—embraces field observations, collection of specimens, 
palæontology, mineralogy and chemistry; and it is 
seldom that a single person is competent to do requisite 
justice to all these departments.  It is always desirable, 
therefore, to attach to the survey some suitable person 
to devote himself to the chemical examination of 
minerals, rocks, area, soils, mineral waters, &c.  This 
part of our survey has thus far been neglected.  A few 
analyses have been made at my request, by Prof. L. K. 
Fisk, of the Agricultural College, by which that institution 
became connected with the survey, before the 
appointment of Dr. Miles to the chair of Zoology.  By my 
arrangement with Prof. Fisk, he has not as yet received 
any compensation for his services, having agreed to 
await the action of the Legislature, in reference to further 
provision for the survey. 

Immediately on the organization of the survey, I took 
steps to ascertain whether some portion of the scientific 
investigations-might not be completed by experts.  Of 
this and other States, who would, in many cases, expect 
no further compensation for their services than the 
opportunity of looking over bur specimens, with 
permission to retain for their own cabinets, duplicates of 
such species as might prove to be novel or peculiar.  I 
have accordingly had the satisfaction of being assured 
that different specialists stand ready to take up the 
different orders of our insects, and to furnish catalogues 
as soon as the specimens are placed in their hands.  
The same is true of some branches of the palæontology.  
Dr. H. A. Prout, of St. Louis, is already at work upon our 
Bryozoa, an important class of fossil mollusca very 
abundant in the limestones of Thunder Bay and Little 
Traverse Bay.  Prof. Hall, the palæontologist of New 
York, has also afforded me many valuable suggestions, 
oil the identification of our fossils, and the parallelism of 
formations.  Dr. J. S. Newberry, of Ohio, who has 
already rendered me valuable assistance, stands ready 
to undertake the investigation of our fossil Flora. Capt. 
Meade has agreed to place at my service such maps, 
charts and observations of the lake survey, as may be 
needed in the preparation of a chapter on the 
Hydrography of the State; and Prof. Henry, the Secretary 
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of the Smithsonian Institution, offers copies of such 
observations taken for that Institution, as may be 
requisite for a chapter on our meteorology. 

Very many private citizens, besides the surveyors before 
referred to, have already communicated most valuable 
information on various points, which will be incorporated 
into my final report Mr. James S. Lawson, of Disco, 
Oakland county, has furnished a description of an 
ancient lake terrace which is found traversing that part of 
the State; and I would be glad to commend this example 
to others who have the opportunity to make observations 
upon such phenomena. 

Mr. A. O. Currier, of Grand Rapids, has aided me 
materially in arriving at a knowledge of the succession of 
strata penetrated in the salt borings of that place.  He 
has further provided me with a printed catalogue of the 
mollusca of the Grand River Valley, accompanied by a 
nearly complete suite of specimens. 

Mr. Martin Metcalf, of the same place, has likewise, in 
his correspondence, furnished me with important notes 
on the salt, borings, and critical remarks on the 
parallelism of strata. 

I am indebted to Dr. DeCamp, of the same place, for a 
fine collection of geodes from the Grand Rapids 
limestone, and for fossils; and to Prof. E. Danforth for the 
loan of his collection of fossils from this and other States. 

Dr. G. A. Lathrop, of East Saginaw, has contributed 
important aid in the carefully preserved series of borings 
taken from the first salt well at that place; in specimens 
and suggestions bearing upon the geology of the vicinity 
of Saginaw Bay; in facts and statistics illustrating the salt 
manufacture in the State, and by the loan of a suite of 
fossils. 

To Dr. H. C. Potter, superintendent of the salt works at 
last Saginaw, I am similarly indebted for important facts 
connected with the, salt manufacture at that place. 

Mr. Henry D. Post, of Holland, Ottawa county, has 
furnished me with observations on the outcrops of the 
Marshall sandstone in his vicinity. 

Hon. I. P. Christiancy, of Monroe, has sent the survey 
some interesting fossil remains from the Monroe 
limestone, and also statistics relative to the products of 
his quarries in the township of London, near Dundee.  
Mr. W. P. Christiancy also contributed some instructive 
specimens. 

Thomas Crawford, Esq., of Detroit, has laid me under 
many obligations for polished specimens of marble from 
his quarry near Presque Isle; as also for some unique 
fossils from the same. 

Mr. M. B. Hess, of East Saginaw, has supplied some 
desirable altitudes from the vicinity of Saginaw. 

Thomas Frazer, Esq., of the Mich. C. R. R. office, in 
Detroit, has communiated the altitudes of the principal 
stations along the line of that road. 

Superintendent W. K. Muir has furnished a list of 
altitudes of all the stations along the Detroit and 
Milwaukie railway, accompanied by other valuable 
observations. 

Chief Engineer, John B. Frothingham, of Toledo, has 
also promised to supply me with altitudes along the 
Michigan Southern Railroad.  It is hoped that such 
statistics will be further communicated by Engineers, and 
others, to whom they are accessible. 

I am indebted to the late John Farmer for a copy of the 
large edition of his unequaled map of the State, and to 
Benjamin Fowle, Esq., for a mounted map of Hillsdale 
county. 

Mr. John Holcroft, Superintendent of the Woodville Coal 
Mine, furnished me with numerous data, and other 
facilities, while investigating the coal formation of 
Jackson county. 

Mr. C. E. Hovey, Superintendent of the Eagle Plaster 
Co., of Grand Rapids, provided me with a liberal quantity 
of samples of the crude and manufactured gypsum, 
including some ornamental vases. 

Capt Malden, keeper of the light house at Thunder Bay 
Island, furnished me with some interesting specimens 
from the Huron Group.  He is now engaged in a series of 
meteorological and tidal observations of great 
importance. 

I am under obligations to very many of our citizens for 
accompanying me on my explorations, and conveying 
me to localities of interest, among whom, in addition to 
names already introduced, I may mention Hon. L. H. 
Parsons and Alexander McArthur, Esq., of Corunna; 
Benjamin O. Williams, Esq., of Owosso; Adam L. Roof, 
Esq., Lyons; James Scribner and J. W. Windsor, Esqs., 
Grand Rapids; H. S. Clubb, Grand Haven; William 
Walker, Jackson; Mr. W. N. Carpenter, Detroit; C. H. 
Whittemore, Tawas City; J. K. Lockwood and Mr. ----- 
Melville, Alpena; the sons of Thomas Crawford, Presque 
Isle county; James Francis, Drummond’s Island; 
Commissioner S. P. Mead, Sault; Langdon Hubbard, 
Willow Creek; J. V. Carmer, Napoleon; John Manning, 
London; Prof. L. R. Fisk, Lansing. 

Boxes of specimens have been transmitted by C. D. 
Randall, Esq., Coldwater; Hon. L. H. Parsons, Corunna; 
J. H. Holcroft, Woodville; Wm. S. Sizer, Esq, Jackson; 
W. S. Brown, Grand Ledge; Dr. G. A. Lathrop, East 
Saginaw; Hon. I. P. Christiancy, Monroe ; Francis 
Crawford, Esq., Detroit. 

During the first season of the survey, the work was 
materially aided by the free passes granted to Dr. Miles 
and myself over the Michigan Southern, the Central and 
the Detroit & Milwaukee Railroads.  The latter road 
voluntarily tendered the same appreciative 
acknowledgement of the importance of our labors during 
the present season; and I am happy here to allude to the 
great courtesy that has at all times been exhibited by its 
officers. 
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I should not forget to acknowledge the indebtedness of 
the survey to the newspaper press of the State, for 
numerous notices of a friendly character, calculated to 
awaken and increase the popular interest in the work. 
Among the notices which have met my eye, I am 
pleased to mention those of the Michigan Argus and 
State News, Ann Arbor; the Commercial, Monroe; 
Patriot, Jackson; Clarion, Grand Haven; Herald, 
Mackinac; Tribune, Advertiser, Free Press and Farmer, 
Detroit; Enquirer, Eagle and Great Western Journal, 
Grand Rapids; Register, Holland; Courier, East Saginaw; 
Republican, Lansing; Citizen, Flint; Gazette, Pontiac. 

It would be impracticable to enumerate all the acts of 
hospitality received from our citizens; and it would be 
almost superfluous to say that we have been 
everywhere received with a welcome, and furnished with 
every possible facility in furtherance of our labors. 

I cannot suffer the opportunity to pass without warning 
our citizens against lending too credulous an ear to the 
representations of the self styled “geologists,” itinerating 
amongst us.  Traveling under the cloak of science, they 
take pains to keep out of the way of those who would 
detect the imposition; and instead of informing 
themselves, truly of the geological structure of the State, 
prowl around the frontiers of civilization, and live upon 
the falsely excited hopes of a people too ready to believe 
that every gravel hill conceals a mine of wealth.  This 
class of men lead their deluded followers over mounds 
of drift materials, they explore clay banks, they dredge 
the lakes, and if perchance a stray nodule of kidney ore 
is found, they proclaim the discovery of a mine of 
hæmatite; a piece of black shale turns up, and the 
country is rich in coal; they discover a green streak upon 
a fragment of limestone, and lo! copper is promised to 
be forthcoming in unlimited quantities.  I have seen too 
much of this scientific quackery to allude to it with 
forbearance.  Let the people bear it in mind, that it is not 
every man who styles himself a geologist who is worthy 
of being trusted in a geological opinion.  The questions 
which these men attempt to decide, are the very ones 
most difficult for an acknowledged expert to pronounce 
upon.  They are the last conclusions of a general and 
scientific survey.  How can a stranger drop down in our 
State, without a line of knowledge of our peculiar 
geology, and be at once a safe adviser in important 
mining or quarrying enterprises.  Even the man well 
versed in general geology may often be at fault among 
our formations; but most of the class of persons referred 
to, possess neither local nor general information.  It 
seems unnecessary to multiply words upon the subject.  
Trust no “geologist” or “professor” whose credentials are 
not known; none who clothe their actions with an air of 
mystery, and hint at things which they do not plainly 
state, who make large pledges with small security for 
their performance, and have no visible means of support 
but what their splendid promises draw from a succession 
of dupes. 

The act establishing the survey provides for the 
distribution of duplicate specimens to the University, the 

Agricultural College, and such other public institutions as 
the Governor may designate.  Under these provisions, 
the following institutions have been designated as 
depositories of suites of specimens, viz.: 

BY LEGISLATIVE ACT. 

1.  The University, Ann Arbor. 

2.  The Agricultural College, Lansing. 

BY EXECUTIVE APPOINTMENT. 

3.  Mechanic’s Society, Detroit. 

4.  Scientific Institute, Flint 

5.  Lyceum of Natural History, Grand Rapids. 

6.  Young Men’s Literary Association, Kalamazoo. 

7.  Young Men’s Society, Detroit. 

8.  Young Men’s Christian Association, Library and 
Reading Room, Adrian. 

9.  The Normal School, Ypsilanti. 

Such an extended distribution of the specimens of the 
survey must necessarily awaken a very general interest 
in the energetic prosecution of the work, and the 
creditable elaboration of the final results.  It is quite 
obvious, however, that this requirement multiplies the 
physical labors of the field geologist, who is often called 
upon to carry many pounds of stones for miles, over 
rocky and slippery beaches, or through tangled cedar 
forests, in an unending conflict with musquitoes and 
flies, under circumstances calculated to excite 
commiseration.  By thus increasing the amount of field 
work, it delays the completion of the survey. Still, there 
can be no doubt that the interests of the State will be 
best subserved by the plan proposed, even should its 
execution necessitate the outfit of a special party of 
collectors. 

During the year 1859 no special attention was devoted 
to the Botany of the State, for the reason that the flora of 
the districts then under survey was already pretty well 
understood.  All species before unobserved, all 
peculiarities, and some local floras were, however, 
noted.  In the explorations of the present season, it was 
deemed desirable to attach a special botanical assistant 
to the party.  Combining the observations made during 
the past two seasons, with notes kept by myself for 
several years past, I am able to present, with the aid of 
the University Herbarium, and Wright’s Catalogue, 
heretofore published, a pretty complete list of the 
indigenous plants of .the Lower Peninsula.  It has not 
been deemed advisable to attempt to catalogue the 
plants of the Upper Peninsula, as the list would 
necessarily be defective, and it is hoped that the 
opportunity will be presented for completing it, next 
season.  For focal information respecting many of our 
plants, I am indebted to Miss Mary Clark, of Ann Arbor. 

For information respecting the progress and state of the 
zoological survey, I would refer you to the Report of the 
State Zoologist. 
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The question is often asked when the survey will be 
completed.  It is obvious that the answer to this question 
will depend entirely upon the action of the Legislature, in 
providing for a more or less thorough execution of the 
work; and upon the number of persons kept in the field.  
A continuance of the same provisions which have been 
made for the past two years, would enable us to extend 
the survey over the whole territory of the State, in the 
manner in which it has been commenced, and to furnish 
the final report ready for publication in three years more.  
It would be much better, however, to increase the 
number of surveying parties somewhat, with the view of 
effecting a more detailed examination of the unsettled 
portions of the State, as well as the districts which lie 
along the probable outcrops of those formations which 
possess considerable economical importance.  It will not 
be necessary to multiply the zoological observations to 
the same extent as the-geological.  It is not necessary to 
identify each species of animals at every point within the 
limits of its general distribution; while, for the 
determination of the limits of the formations, this very 
minuteness is indispensable.  Moreover, the roving 
habits of animals bring a large proportion of them under 
the notice of an observer who does not go out of his own 
township, while rocks must be visited in their places.  It 
may not be amiss to state with reference to the nature of 
zoological field work, that a single industrious collector, 
employed at small compensation, would be able in one 
season to accumulate large stores of specimens from 
the remoter portions of our State.  The same remark is 
true of botany.  The elaboration of the materials thus 
collected must, of course, be confided to the ablest 
hands. 

It will remain for the legislature to decide upon what 
scale the prosecution of the survey shall be continued.  I 
cherish the hope, however, that provision may be made 
for the creditable completion of the field work, within the 
space of two or three years.  So far as the geological 
work is concerned, I deem it desirable to have parties 
engaged, during the next season, upon the exploration 
of the following districts: 

1st.  A party upon the south shore of Lake Superior; 

2d.  A party upon the shores of Lake Michigan, as far as 
unexplored; 

3d.  A party in the northern portion of the Lower 
Peninsula. 

The personnel required for such a prosecution of the 
work, besides the geologist in charge of the survey, 
would be as follows: 

One Chemist and Mineralogist; 

One Draughtsman; 

Two Assistants, capable of leading parties; 

Three Sub-Assistants; 

Six Laborers and Boatmen. 

Zoological and Botanical Collectors could be attached to 
the parties thus organized, with little additional expense. 

I desire to close this chapter of my report with an appeal 
to all of our citizens to co-operate with the State 
Geologist in every possible way.  Every specimen or 
item of information will be thankfully received.  
Proprietors and managers of important enterprises, 
have, in some instances, greatly mistaken their true 
interests, in failing to furnish the data sought for, even by 
repeated applications.  No authority is considered more 
reliable than a State Geological Report, on the value and 
extent of the mineral resources of a particular locality or 
district; and the interests of proprietors of mineral 
locations, require them to see that every evidence of the 
value and productiveness of their locations is placed in 
the possession of the State Geologist. Moreover, 
isolated facts or specimens calculated to throw light 
upon the occurrence of any rock or mineral, in any part 
of the State, especially those parts not yet explored, will 
always prove of interest, and, in some cases, may 
constitute critical data for deciding questions in doubt. 

It will be seen, therefore, that two general classes of 
information are desired. 

1.  Facts calculated to contribute to our knowledge of the 
characters and distribution of our rocks, with their 
included minerals. 

2.  Statistics showing the condition of all mining 
enterprises and their productiveness.  This class of 
information embraces every species of manufacture 
from the mineral substances of our State, as bricks, tiles, 
pottery, earthenware, pipes, fire bricks, concrete, 
moulding sand, glass, fluxes, land plaster, calcined 
plaster, alabaster ornaments, salt, its impurities, marble, 
quarry stones, quick-lime, water-lime, grindstones, 
hones, coal, precious stones, iron, copper, lead and 
other metals. 

When the geological department is made the common 
depository of all such information, the way will be 
opened to such a presentation to the world of our 
multifarious sources of wealth as will constitute the 
strongest possible attraction for settlement, enterprise 
and capital. 
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CHAPTER II. 
DEPOSITION, DISTURBANCE AND 

DENUDATION OF STRATA—GENERAL 
PHYSICAL STRUCTURE OF THE 

NORTHWEST. 
The geological series in our State is very complete from 
the horizon of the oldest known rocks, to the top of the 
Carboniferous System.  From this point to the Glacial 
Drift, the formations observed in other parts of the 
county are, as far as investigations have extended, 
entirely wanting.  All that portion of the Michigan series 
lying above the Niagara Group, is found within the limits 
of the Lower Peninsula; while the Niagara Group and all 
rocks below, are confined to the Upper Peninsula and 
the islands at the head of Lake Huron. 

The rocks, of the Upper Peninsula not having as yet 
come under the observation of the present survey, it is 
not deemed necessary to refer to them at the present 
time, any further than to show their connection with the 
geology of the contiguous districts. 

In order to convey a clear idea of the superposition and 
lines of outcrop of our different rocks, it will be desirable 
to offer a few words on the general conformation of the 
strata of the Northwest.  Although the stratified rocks of 
the country succeed each other in regular ascending 
order, it must not be supposed that these strata always 
occupy a horizontal position, that they are necessarily 
continuous between distant points, or that any given 
stratum is always actually overlain by those strata which 
belong higher in the series.  The sediments from which 
these rocks were formed, were seldom deposited in 
perfectly horizontal sea bottoms, but to facilitate our 
explanation, we may suppose that they were.  We will 
suppose, also, that one series of sediments was 
deposited upon another for the space of many ages, and 
forming a thickness of several thousand feet.  We have 
thus the materials for several geological formations, 
each with its own mineral characters, and embracing the 
organic debris which characterized its own age.  
Through some appropriate agency these sediments 
become solidified.  But at length some movements begin 
to be experienced by the solid crust of the earth, and our 
horizontal strata begin to be elevated in one place and 
depressed in another.  Here is a dome shaped bulge, 
and there is a long ridge, rising in some of its parts 
above the surface of the sea.  Successive disturbances 
increase the inequalities, and at length our level sea-
floor presents all the irregularities of a carpet carelessly 
thrown down.  By degrees the general uplift of the sea 
bottom has made an extensive addition to the continent. 

Thus far we suppose each successive layer of rook to be 
continuous over every ridge and through every valley.  
But now we must consider the effect of denuding 
forces—those forces which move over the surface, and 
plane down the inequalities.  Whether these results are 
attributable to the action of the atmosphere, frost, 
glaciers, powerful currents of an invading sea, floating 
icebergs, or to all of these agencies combined, or in 

succession, cannot here be considered.  It is sufficient to 
know that such forces have acted, and that all the 
original elevations have been more or less worn down, 
and the rubbish produced strewn over the general 
surface, tending still further to obliterate its unevenness.  
Consider what would be the effect of paring off the 
summits of the ridges and domes of upraised strata.  
The uppermost layer would be sliced through, and the 
second in order would come in sight.  Then the wearing 
would continue till the second layer would be cut 
through, and the third would appear.  So, in some cases, 
the denudation has continued, till thousands of feet of 
strata have been pared off, and the underlying granite 
has been exposed; and then this has been planed down 
some hundreds of feet.  Glance now at the cut edges of 
the strata.  The lowest rock reached will be found in the 
center of the dome, or along the central axis of the ridge.  
If it is a dome, the overlying strata dip in all directions 
from the center.  If it is a ridge, they dip to the right an<d 
left of the axis.  This ridge may have been planed down 
to the general level of the country.  If this is the case, we 
shall then, in passing from the central line either to the 
right or left, pass continually from lower to higher rocks, 
without changing our elevation.  We ascend 
stratigraphically, but not topographically. 

This ridge may not pursue a straight course.  It may 
finally bend round, and proceed in a direction parallel 
with itself.  It is obvious then, that the strata between the 
two portions or branches of the ridge, form trough-
shaped depressions.  In many cases all the edges of the 
overlying strata are turned up, and they rest in a dish 
shaped depression.  When the irregularity of the original 
elevations is considered, it is obvious that the 
outcropping edge of any stratum, when traced along 
over the surface of the earth may pursue a very tortuous 
course, or strike.  It is also obvious that the width of the 
stratum at the surface will be more, if the surface cuts it 
very obliquely, less, if the surface cuts it nearly at right 
angles.  This depends, in other words, upon the amount 
of the dip; so that a thick formation, by being nearly 
vertical, may occupy a very narrow belt of country; while 
a thin one, by being nearly horizontal, may occupy a belt 
several miles in width. 

All this is familiarly illustrated by the lines of the “grain” of 
a smoothly planed board, especially if slightly gnarly or 
knotty.  The knots may represent the granite, while the 
layers of wood surrounding it—here apparently thin, 
because cut nearly at right angles, there spreading out, 
because cut more obliquely, here running in a straight 
line, and there tracing a zigzag path—may represent the 
layers of rock, occupying a geological position above the 
granite. 

These explanatory observations are here admitted, in 
the hope of obviating some difficulties almost always 
experienced by persons unversed in geology, in forming 
general conceptions of the geological structure of a 
particular region. 

The wide interval between the Alleghany and the Rocky 
mountains was once an ocean bed, over which were 
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strewn the various sediments that have formed the 
groups of rocks, which stretch with more or less 
regularity from one end of this area to the other.  
Geological agencies have left this ocean floor in an 
undulating position; and subsequent denudation of the 
higher points, has worn many holes through the upper 
layers of rock, where they have been pushed up into 
exposed attitudes.  The city of Cincinnati stands upon a 
dome of older strata, which have been uncovered by the 
planing off of the higher beds.  The strata dip in every 
direction from this vicinity.  Toward the north, however, 
the dip is least, and something of a ridge extends 
towards the common corner of Ohio, Indiana and 
Michigan.  It bifurcates, however, before reaching that 
point, and the east branch runs up to Monroe county, 
crosses Lake Erie and subsides in Canada West; while 
the west branch passes across northern Indiana and 
Illinois, to the head of Lake Michigan, and thence north-
westward. 

A ridge extends through Canada, along a line nearly 
parallel with the St. Lawrence, to the region north of 
Lake Ontario, and thence trends north west around the 
northern shores of Lakes Huron and Superior.  The 
rocks around the shores of Lake Huron dip south-west 
and south, away from this ancient axis of elevation. 

It appears, therefore, that the Lower Peninsula of 
Michigan is surrounded on all sides by ancient axes of 
elevation; and even if the surrounding regions do not in 
all cases actually occupy a higher level, we must expect 
to find the strata dipping from all sides toward the centre.  
Each rocky stratum of the Lower Peninsula is, therefore, 
dish shaped.  All together, they form a nest of dishes.  
The highest strata are near the centre of the peninsula; 
and passing from this point in any direction, we travel 
successively over the out-cropping edges of older and 
older strata.  The irregularities in the shape of these 
dishes, will be pointed out in the sequel. 

The southern part of the Upper Peninsula is covered by 
the lower members of the southward dipping series, 
whose upper members are found in the Lower 
Peninsula, and whose axis of elevation lies north of the 
great lakes.  At Marquette, Keewenaw Point, the 
Porcupine Mountains, and other localities, however, we 
find accessory axis of elevation, giving rise to dips in 
various directions, which will be explained on some 
future occasion.  Lake Superior occupies a valley 
between the elevations on the north and south shores, 
while the other lakes rest in troughs, which have been 
excavated nearly along the outcrop-ing edges of some of 
the softer formations.  On the south, a basin similar to 
that of lower Michigan, occupies the southern part of 
Illinois; while, passing east from Sandusky, in Ohio, we 
begin to step over the north-western limits of another 
one, which reaches to the Alleghanies, and in the other 
direction stretches from New York to Alabama.  Still 
further west, an other basin rests, with its northern 
border in Iowa, and its southern in Missouri. 

A knowledge of these great undulations in the wide-
spread strata of the north-west, and of the effects of 

denudation of the crests of the elevations, will aid 
materially, in connection with the descriptions which 
follow, in giving definite ideas of the geological structure 
underlying any particular portion of our State. 

CHAPTER III. 
GENERAL SKETCH OF THE GEOLOGY OF 
MICHIGAN, AND ITS CONNECTION WITH 

SURROUNDING DISTRICTS. 
The rocks which constitute the solid crust of our earth 
may be arranged into great groups according to the 
following plan: 

STRATIFIED. 
Fossiliferous. 
Azoic, or unfossiliferous. 

UNSTRATIFIED. 
Volcanic, as lava, trap, &c. 
Plutonic, or Granitic, as granite, syenite, &c. 

Geologically speaking, the Fossiliferous strata are higher 
than the Azoic, while the place of the Plutonic is 
generally below the Azoic; and the relative antiquity of 
these three classes of rocks is represented by this order 
of superposition.  The volcanic rocks have burst up 
through the other rocks at various periods, and the same 
is to some extent true of the Plutonic—some new 
granites appearing to have been formed since the 
granitic substratum of the Azoic rocks was formed.  The 
Upper Peninsula furnishes us with abundant examples 
of all these classes of rocks.  After devoting a few words 
to the unstratified rocks, we shall proceed to speak of 
the stratified, as nearly as possible, in chronological 
order, beginning with the oldest. 

I.—PLUTONIC GROUP. 

A belt of granitic rocks comes down from the northwest 
into northern Wisconsin, and encroaches a few miles 
over \he Michigan boundary line between Montreal river 
and Lac Vieux Desert.  At the surface this is separated 
by a belt of Azoic rocks from another mass of granite, 
which is probably a continuation of the first, and which 
begins near the head waters of the Sturgeon river, and 
extends east, gradually widening, until it occupies the 
region a few miles back from the lake coast, all the way 
from the Huron river to Presque Isle, at which two points 
it abuts upon the coast, reappearing again in the Huron 
islands on the west, and Granite Island on the east.  
Another granitic boss rises up in the district south of the 
Iron Region, and covers about twelve townships, and still 
others, on a small scale, are found east of the mouth of 
the Machigamig river. 

The rock throughout these exposures is seldom a true 
granite, being composed mostly of feldspar and quartz, 
with occasional intermixtures of mica in small quantity.  
Hornblende sometimes replaces the mica, and the rock 
becomes syenite.  The plutonic rocks on the south shore 
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of Lake Superior, appear to have been upheaved after or 
towards the close of the Azoic period. 

II.—VOLCANIC GROUP. 

A range of volcanic rocks extends from the extremity of 
Keweenaw Point to Montreal river, running nearly 
parallel with the lake coast, and having a width varying 
from two to eight miles.  About twelve miles east of 
Montreal river the belt suddenly widens to about fifteen 
miles, sending a spur off on the south side toward the 
southern extremity of Agogebic lake.  Another spur sets 
off north to the Porcupine Mountains.  To the east of 
Portage lake this belt is in reality two belts—the 
“northern” one consisting of inter stratified masses of 
amygdaloid, conglomerate and coarse sandstone; the 
“southern,” or “Bohemian” range being a mass of 
crystalline trap.  About a mile north of the northern 
range, another narrow belt curves round parallel with the 
coast from a point opposite Manitou Island, to the 
eastern point of Sand Bay.  The belt called the Northern 
Range contains the larger number of copper locations.  
These rocks were erupted during the period of the Lake 
Superior Sandstone.  A contemporaneous range forms 
the basis of Isle Royal.* 

III.—THE AZOIC SYSTEM. 

An immense thickness of unfossiliferous strata is 
interposed between the crystalline rocks just referred to, 
and the Lake Superior sandstone.  These, in the Upper 
Peninsula, commence at 

*For information concerning the rocks of Lake Superior, see Foster and 
Whitney’s Report. 

and near the mouth of Chocolate river, and extend 
westward to join another belt beginning a few miles 
south of Huron river.  The first belt in the neighborhood 
of the Machigamig river, suddenly expands towards the 
south, so that on the State boundary the Azoic belt 
stretches from beyond Lac Vieux Desert to Chippewa 
Island, in the Menomonee river.  It extends thence 
westward through Wisconsin and to the sources of the 
Mississippi.  The rocks of this system consist in Michigan 
of talcose, chloritic and silicious slates, quartz, and beds 
of marble.  The silicious slate, becomes, near Marquette, 
a novaculite, from which hones have been 
manufactured.  In this system are found the specular 
and magnetic iron ores of Lake Superior, as well as of 
Pilot Knob, and perhaps the Iron Mountain, in Missouri, 
the Adirondacks of New York, and other localities.  This 
series of rocks attains an enormous thickness on the 
northern shores of Lakes Superior and Huron; and Sir 
Win. Logan, the Director of the Canadian Geological 
Survey, has decided that they constitute two great 
systems, unconformable with each other, the upper of 
which he styles the Huronian series and the lower the 
Laurentian.*  The Bruce, Wellington, and neighboring 
mines, are located in these rocks, and are worked for the 
ores of copper; while the Lake Superior mines are 

located in veins which belong to the age of the trap, and 
are worked for native copper. 

IV.—FOSSILIFEROUS STRATA. 

I.—LOWER SILURIAN SYSTEM. 

1.—Lake Superior Sandstone. 

The reddish, yellowish, grayish or mottled sandstone, 
found , along the south shore of Lake Superior has, by 
different writers, been assigned to different geological 
periods; but the weight of authority is decidedly in favor 
of placing it at the base of the Palæozoic series, and on 
the horizon of the Potsdam Sandstone of New York.  
Further examinations will undoubt- 

*Report 1862-8, p. 8; 1856, p. 171. 

edly result in the discovery of data which will settle 
beyond cavil this long mooted question. 

The examinations of the past season have found this 
sandstone in place at the Falls of the St. Mary’s river, 
where it has a measured thickness of at least 18 feet.  It 
is here thin bedded, moderately coherent, reddish and 
blotched with gray, or grayish blotched with red.  It 
presents evidence of having been deposited on an 
uneven sea bottom, and in shallow water.  We find local 
undulations, and very distinct ripple marks.  On some of 
the surfaces are obscure traces of Algæ.  On some 
specimens from the Montreal river, not less than three 
species of fossil plants have been discovered; “sun 
cracks” are also frequent.  This sandstone is believed to 
underlie the whole of Sugar Island, and the northern 
extremity of Sailor Encampment Island.  On the Canada 
shore, opposite the Neebish Rapids, an altered 
sandstone is found, which apparently belongs to the 
same formation.  It is of a light gray color blotched with 
reddish purple spots, and having a rapid dip S. 55° W.  It 
is intersected by nearly vertical divisional planes, running 
at right angles to the dip.  Near the northwestern 
extremity of St. Joseph’s Island, a quartzose sandstone 
appears, striped and banded with red along lines which 
appear to mark the original planes of stratification.  A 
little further east, rock is again seen resembling that at 
the Neebish Rapids, and having a dip of 20° toward S. 
55° W.  On the south east shore of the bay which 
indents the northern extremity of St. Joseph’s island, a 
jaspery conglomeratic sandstone is seen, rising in small 
rounded knobs, possessing a general reddish color, and 
being destitute of obvious stratification.  The small 
islands at the southern angle of the channel which 
separates Campement d’Ours from St. Joseph’s Island, 
are formed by the same rock.  It will hereafter be seen 
that these quartzose and conglomeratic sandstones 
occur in close proximity to fossiliferous limestones.  
Quartz rock is next seen on Sulphur Island, north of 
Drummond’s.  It is slightly clouded with reddish spots, 
and occurs in beds from three to six feet thick, with shaly 
partings.   It immediately underlies a limestone 
containing fossils in a perfect state of preservation.  A 
conglomerate also occurs here, made up of rounded 
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masses of quartz, ranging from the size of a pea to 
boulders many tons in weight, all cemented together by 
a silicious limestone, not altered, but appearing as if 
deposited amongst the interstices and open spaces of a 
pile of stones and gravel. 

The solid quartzose character of the rock on St Joseph’s 
and Sulphur Islands, so unlike the conglomerate and 
altered sandstone of Lake Superior, seems to suggest 
the idea of its being azoic, and it is so colored on Foster 
and Whitney’s map, where, nevertheless, it is made to 
appear like a prolongation of the Potsdam sandstone of 
Sugar Island.  The gradual transition, however, from the 
unaltered sandstone of the Sault, to the altered 
sandstone of Neebish Rapids and the extremity of St. 
Joseph’s Island, the quartzose sandstone and jaspery 
conglomerate of the shore west of Campement d’Ours, 
and the quartz and conglomerate of Sulphur Island, 
favors the idea of the equivalency of the sandstone and 
quartzose rooks.  The superposition of fossiliferous 
limestone, at Sulphur Island (probably the Chazy 
limestone) immediately upon the quartzite, favors the 
same inference, inasmuch as there is no probability that 
the sandstone would not be interposed at this place 
between the Chazy-and the azoic rocks.  Moreover, the 
influence of the igneous disturbances which have taken 
place at the Bruce mines and along the Canadian shore 
but a few miles distant, furnish sufficient cause for the 
alteration suggested.  The Canadian geologists have 
frequently recognized the Potsdam sandstone in a 
similar condition. 

2.—Calciferous Sandstone. 

Though this formation, as just stated, is not recognized 
to the east and south of St. Mary’s Falls, it is thought 
best to embrace it in the enumeration, since it is 
represented as playing an important part in the geology 
of the country west of St. Mary’s river. 

3.—Trenton Group. 

The gray silicious limestone seen resting on quartz on 
Sulphur Island, north of Drummond’s, is regarded as the 
lowest fossiliferous limestone within the limits which 
have come under observation.  On the south and south 
east sides of Copper Bay, in Montreal Channel, is 
observed a series of limestones sup posed to belong; 
but a short distance higher up.  The following fossils 
have been recognized from the extensive collections 
made along this shore.  I have not the time at present to 
classify them stratigraphically; nor would such 
particularity comport with the scope of the present 
report.  They are referred to their localities: 

At 758, Rhynchonella plena. 

At 760, in fragments on the beach, Subulites elongatus, 
Cypricardites ventricosus, Murchisonia bicincta. 

At 762 A.=d. in the Synoptical Table, next chapter, 
Rhynchonella plena, Rhynchonella altilis, Strophomena 
(n. sp.) 

At 763=762 F.=upper part of 770 D., Schizocrinus, 
Leptœna subtenta, Subulites elongatus, Cypricardites 
ventricosus, Plurotomaria subconica, Rhynchonella 
plena, Asaphus gigas. 

At 764=762 B., Strophomena camerata. 

At 766, (not in place) Rhynchonella plena, Tetradium 
cellulosum. 

At 769, the north-eastern extremity of the headland on 
the south-east side of Copper Bay, Leperditia fabulites, 
Leptæna subtenta, Dalmannites callicephalus, 
Ambonychia amygdalina, Strophomena plicifera, 
Cypricardites (sp ?), Asaphus gigas, Orthoceras anellum 
(?) Pleurotomaria subconica, Illænus, Subulites n. sp, 
Cypricardites ventricosa, Murchisonia, (sp ?) Orthis 
bellirugosa, O. trisenaria. 

At 771, Strophomena filitexta, Receptaculites 

At 785, Rhynchonella plena, Orthis (resembling O. 
pectinella, but distinct). 

At 786, Streptelasma corniculum.* 

*The region from which the foregoing fossils were obtained, is colored 
on Foster and Whitney’s map, as lying along the northern margin of the 
Calciferous Sandstone belt.  For identifications of species I am under 
great obligations to Prof. Hall. 

The Trenton Group of rocks forms a belt about four miles 
wide, extending west-northwest across St. Joseph’s 
Island, reappearing in the high bluffs opposite Little 
Sailor Encampment Island, and extending thence across 
the middle of Great Sailor Encampment Island.  From 
here it stretches west in a gradually widening belt, which, 
bending round to the southwest, lies with its southern 
border on the west shore of Little Bay de Noquet and 
Green Bay, whence it continues across Wisconsin into 
northern Illinois. 

4.—Hudson River Group. 

On the north side of Drummond’s Island are found some 
highly argillaceous limestones abounding in the fossils 
characteristic of the Hudson River Group of New York.  
These are first seen about three miles west of Pirate 
Harbor, and extend thence around the coast to the point 
of land north of the bay which indents the north-west 
side of the island, thus occupying a belt about three 
miles wide.  A large proportion of the fossils seen are 
Bryozoa, which have not yet been studied.  Chetætes 
lycoperdon is exceedingly abundant.  Favistella stellata 
occurs in prodigious masses and great numbers, (at 
781, 786, 788.)  At 781 (A) is an Ambonychia not yet 
identified.  The argillaceous strata are about fifteen feet 
thick, and underlain by a bluish gray, subcrystalline 
limestone, of which three feet were observed. 

This group forms a belt about four miles wide across St. 
Joseph’s Island, a little south of the middle, then, 
intercepting the southern extremity of Great Sailor 
Encampment Island, stretches westward along the south 
side of the region covered by the Trenton Group, and 
occupies the space between Big and Little Bays de 
Noquet.  Passing under the whole length of Green Bay, 
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it reappears at the southern extremity, and continues in 
the direction of Winnebago and Horicon lakes, in 
Wisconsin. 

All round the circuit which is thus traced, the dip of the 
formation carries it under the lower peninsula of 
Michigan.  It does not emerge on the southern side of 
the peninsula, being overlain by the four groups next 
described, but dips down again beneath the 
carboniferous basin of Ohio, on the one hand, and of 
Indiana on the other.  At Cincinnati is another swell, from 
the summit of which the overlying formations have been 
denuded, and here the Hudson River Group again 
appears.  Like most of the other groups of the Paleozoic 
System, it has throughout the northern and north 
western States, a very great geographical development. 

II.—UPPER SILURIAN SYSTEM. 

5.—Clinton Group. 

At the eastern extremity of Drummond’s Island, the lower 
32 feet of Dickinson’s quarry constitute the upper portion 
of the Clinton Group of New York.  It is an argillo-
calcareous limestone, fine grained and very evenly 
bedded, in layers from two to three feet thick, having a 
very gradual dip toward the south.  In color it is nearly 
white, some layers having an ashen hue.  The rock 
presents to the eye every appearance of a most 
beautiful and desirable building stone, remarkably easy 
of access and eligibly situated for quarrying.  In 
November, 1859, the company organized for working the 
quarry got out a large quantity of fine blocks for building 
purposes.  Severely cold weather arrested their 
operations, and on the return of Spring, the fine blocks 
quarried out were found considerably shattered, 
apparently by the action of the frost.  This effect was 
undoubtedly due to the sudden freezing of the stone 
while yet containing a large amount of quarry water.  
Whether a rock containing so large a percentage of 
argillaceous matter would not, under any circumstances, 
prove too absorbent and retentive of moisture, to stand 
in exposed situations in our severe climate, remains yet 
to be ascertained; but I have some hope, that if quarried 
in early summer, and left to dry before the approach of 
frost, it might be found durable. 

As a lithographic stone, whatever its qualities for building 
purposes, I believe some of the layers will answer well, 
when polished; the surface, to the naked eye, is quite 
free from imperfections, and under a glass some 
portions are so homogeneous as to seem made from an 
earthy impalpable powder.  I have not had the 
opportunity, however, to submit any samples to the 
inspection of a competent lithographer, which along 
would decide the value of the rock for this purpose. 

Rocks lower in the group are seen outcropping 
successively along the shore of the island, from 
Dickinson’s quarry to Pirate Harbor, which, as before 
stated, is not more than three miles, nearly along the 
strike of the formation, from the first appearance of rocks 
of the Hudson River Group.  The formation reappears on 
the northwestern side of the island at Brown’s and 

Seaman’s quarries (790 and 796).  An experimental 
quarry of the ship canal company was opened in this 
vicinity in the upper part of the group (792), but was 
subsequently abandoned.  The same rocks are seen at 
numerous points as far south as the neighborhood of the 
old British Fort, the northern extremity of the point of 
land at the west end of the island being of the Clinton 
Group. 

The rocks of this group contain few fossils, but among 
our collections I recognize the Avicula, Murchisonia and 
Cytherina (Leperditia?), referred to by Prof. Hall.  The 
latter, particularly, is characteristic at all the localities, 
and throughout the whole vertical range of the formation.  
At Dickinson’s quarry, some arenaceous layers are seen 
above the Clinton rocks from four to six inches thick, 
somewhat blotched with red, and strongly ripple-marked.  
The resemblance to the Medina sandstone is so strong 
that one expects next moment to find Lingula cuneata in 
it, but careful search has revealed no organic remains. 

This group cuts across the southern part of St. Joseph’s 
Island, and passes on in the direction of the southern 
shore of Munnusco Bay.  

6.—Niagara Group. 

The principal part of the promontory known as 
Marblehead at the eastern extremity of Drummond’s 
Island, is composed of the Niagara limestone, so called 
by the New York geologists, from its occurrence on the 
Niagara river.  It reaches here an elevation of nearly 100 
feet above the lake, and dipping southward sinks 
beneath the water on the south shore of the island.  This 
assemblage of strata embraces a band five feet thick of 
highly arenaceous limestone, at bottom, overlain by 
seven feet of a hard, gray crystalline limestone, which 
furnishes an excellent quality of quicklime.  This is 
overlain by forty five feet of a rough, crystalline, 
geodiferous limestone, followed - upward by eight feet of 
broken thin-bedded limestone, and six feet of rough 
vesicular limestone.  The white, massive, marble-like, 
magnesian limestone, twenty feet thick, occupying the 
south shore of the island, is still higher; and the series is 
completed by about six feet of thin bedded brown 
limestone, abounding in Favosites niagarensis, Halysites 
escharoides, Heliolites spinipora, &c.  The thicker 
masses are eminently characterized by Pentameri, while 
not one has been found in the Clinton Group.  The total 
observed and measured thickness of these rocks does 
not exceed one hundred feet, and it is doubtful whether 
the dip of the strata across Drummond’s Island would 
give them a calculated thickness much greater.  The 
rocks which emerge from the water on the south side, 
preserve a gentle and pretty uniform rise to the top of the 
escarpment at Marblehead, and west of there.  Only the 
uppermost, thin-bedded layers seen on the south shore, 
are wanting at Marblehead. 

The economical qualities of this limestone, so far as I am 
aware, have not been reliably tested.  The large 
percentage of carbonate of magnesia contained in the 
heavier beds, renders them a pretty well characterized 
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dolomite.  According to the researches of Vicat, this 
proportion of carbonate of magnesia, mixed with about 
40 parts of carbonate of lime, possesses hydraulic 
properties; and only a few hundredths of clay are 
required to be added, to produce the strongest hydraulic 
cement.  It is not at all unlikely that somewhere upon the 
shores of Drummond’s Island a good hydraulic limestone 
may be found compounded by the hand of nature. 

At several points on the south shore of the island, the 
thick strata above the Pentamerus beds, appear well 
calculated fox architectural uses.  The rock is highly 
crystalline, hard and white, with occasional stripes and 
blotches of a rose color, and can be conveniently 
procured in blocks of any required size.  It is not at all 
unlikely that quarries may be opened which will furnish a 
stone sufficiently homogeneous to be used for 
ornamental purposes.  For rough, substantial masonry, 
there is no rock in our State which is more worthy of 
attention; and when once developed, there will be no 
building stone of equal excellence half as accessible to 
our people. 

This group of rocks occupies the southern portion of the 
Manitoulin chain of islands to the east and south east of 
Drummond’s, underlying the peninsula between 
Georgian Bay and Lake Huron, and stretching thence to 
Hamilton, in Canada West, crossing the Niagara river 
between Grand Island and Lake Ontario, and forming at 
Lockport, in New York, the quarry stone which has been 
sent a thousand miles to build the steps at the St. Mary’s 
Ship Canal. 

Toward the west the Niagara Group occupies the whole 
shore as far as Point Detour of Lake Michigan, except 
the promontory, west of Mackinac.  Continuing south-
west, it forms the Potawotomie Islands, and the 
peninsula between Green Bay and Lake Michigan, the 
coast of which it does not leave until it reaches the 
neighborhood of Evanston, near Chicago. 

7.—Onondaga Salt Group. 

On the east side of Little St. Martin’s Island, north of 
Mackinac, is seen at the surface of the water a mass of 
gypseous mottled clay, constituting the lowest beds of 
the Onondaga Salt Group of New York.  On the main 
land west of Mackinac the clays again appear, and in the 
vicinity of Little Pt. aux Chene they are seen inclosing 
numerous masses of aggregated crystals of brown and 
gray gypsum.  From the latter locality several ship loads 
were at one time sent off, but the business was 
interrupted by the death of one of the proprietors, and 
has not since been resumed. 

At a higher level, we find at the base of Mackinac, 
Hound and Bois Blanc Islands, as well as at Sitting 
Rabbit on the main land west, a fine, ash colored 
argillaceous limestone, containing abundant acicular 
crystals, and becoming in the lower part banded with 
darker streaks of aluminous matter, and resembling the 
water limestone of this group in New York.  Above this, 
at the west end of Bois Blanc Island, are found three feet 
of calcareous clay or marl; while still higher and 

immediately underlying the rocks of the next group, 
occurs at all the above localities, a fine-grained, brown 
limestone.  No fossils have been discovered in this 
group, in the northern part of the State. 

From the region just referred to, this belt of rocks passes 
under the bed of Lake Huron, reappearing on the 
Canada shore between the river Au Sauble and 
Douglass Point.  It thence extends to Gait, in Canada 
West, and crosses the Niagara river south of Grand 
Island.  On the west, it passes in a similar manner under 
the bed of Lake Michigan, and barely makes an outcrop 
in the vicinity of Milwaukee, whence it has not been 
certainly distinguished from the associated limestones of 
the Clinton, Niagara and Helderberg groups, the entire 
assemblage being commonly known as the “Cliff 
Limestone.” 

No other outcrop of rocks of this group has heretofore 
been known in our State.  I have now, however, to 
announce the existence of the Onondaga Salt Group in 
Monroe county, in the south-eastern corner of Michigan.  
My attention was first attracted by the peculiar character 
of the limestones at Montgomery’s quarry, in the south 
part of the township of Ida.  At this place I found the 
characteristic acicular crystals in great abundance, in a 
light, thin-bedded, fine-grained, argillaceous limestone; 
and, discovered also, some beds of the brownish 
banded argillaceous rock forming the water-limestone of 
the group.  At this place occur the only fossils yet 
detected in the group in this State.  They consist of a 
turrited gasteropod (Laxonema Boydii?) and an obscure 
Cyathophylloid coral. 

The group was again recognized at the head of Ottawa 
Lake, in the south western part of the county, and again 
at numerous points in the bed of Otter Creek, in the 
eastern part of the County.  The deepest of the Plumb 
Creek quarries, two miles south of Monroe, have 
penetrated the same formation and revealed marked 
and satisfactory characters. 

Since making the above observations, I have been 
informed of the discovery of gypsum at Sylvania, in 
Ohio, just beyond the State line, and am led to regard 
this as confirmatory evidence of the distinct existence of 
this group in the southeastern part of our State.  It might 
not be too much to allege that the gypsum exported from 
Sandusky, probably holds a position in the same 
geological horizon. 

The economical importance of the Onondaga Salt Group 
of rocks is very great.  It is the source of all the salt and 
gypsum of the State of New York, and supplies at Galt, 
in Canada West, a beatiful stone for building purposes.  
In our own State it has been already shown to contain 
gypsum in workable quantities on the shores of the 
Upper Peninsula, near Little Pt. au Chene.  The 
occurrence of gypsum at Sandusky and Sylvania, in 
Ohio, justifies the search for it in Monroe county.  The 
localities most favorable for exploration are those 
already mentioned, viz.:  the deepest excavations at 
Montgomery’s quarry, the Plumb Creek quarries, those 
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at the head of Ottawa Lake, and the gorges of Otter 
Creek. 

Some indications likewise exist, of the saliferous 
character of this formation, in Michigan.  Occasional salt 
springs occur in Monroe county, far beyond the outcrop 
of the saliferous sandstones of the center of the State.  
The most noteworthy of these is 4½ miles south of the 
Raisinville quarries, in the township of Ida.  An Artesian 
well sunk at Detroit in 1829-30, after passing through 
130 feet of unsolidified materials, and 120 feet of 
compact limestone, passed 2 feet of gypsum containing 
salt.  On the opposite side of the State, according to 
information furnished by Dr. Miles, is a strong and 
copious salt spring, located upon Harbor Island in the 
west arm of Grand Traverse Bay.  This is now 
overflowed by the waters of the lake, but tradition says 
that the Indians formerly manufactured salt at this place, 
when the water was several feet lower.  It appears quite 
possible, therefore, that borings which should penetrate 
this group of rocks might be rewarded by a profitable 
supply of brine. 

One other suggestion may be made in connection with 
the economy of this group.  The brown and banded 
argillaceous limestone, which, in Monroe county, 
generally occurs in the deeper parts of the quarries, 
may, on trial, be found to produce a valuable water lime.  
The trial, if never made, should, by all means, be 
undertaken.  Even should this experiment fail, the 
hydraulic character imparted to the quicklime 
manufactured from this rock, or from rock with which this 
is mixed, must add materially to the cementing 
properties of the lime, provided it is used with reference 
to the peculiar nature of hydraulic cements. 

III.—DEVONIAN SYSTEM. 

8.—Upper Helderberg Group. 

In the lower part of the cliffs known as Chimney Rock 
and Lover’s Leap, on the west side of Mackinac Island, 
is seen a cherty and agatiferous conglomerate, 
irregularly disposed, but pretty persistent.  On the main 
land west, close to the water’s edge, and beneath the 
brecciated mass, presently referred to, is found a better 
characterized conglomerate, a few feet in thickness.  
These beds, occupying the place of the Oriskany 
Sandstone of New York, and corresponding to it in 
lithological characters, as seen at some of its exposures, 
may not improbably be regarded as representing that 
formation.  The uncertainty of the identification, however, 
prevents me from giving it a distinct place in the 
enumeration of our strata. 

Above this curious conglomerate, rises one of the most 
remarkable masses of rock to be seen in this or any 
State.  The well characterized limestones of the Upper 
Helderberg Group, to the thickness of 250 feet, exist in a 
confusedly brecciated condition.  The individual 
fragments of the mass are angular and seem to have 
been but little moved from their original places.  It 
appears as if the whole formation had been shattered by 
sudden vibrations and. unequal uplifts, and afterwards a 

thin calcareous mud poured over the broken mass, 
percolating through all the interstices, and re-cementing 
the fragments. 

This is the general physical character of the mass; but in 
many places the original lines of stratification can be 
traced, and individual layers of the formation can be 
seen dipping at various angles and in all directions, 
sometimes exhibiting abrupt flexures, and not 
unfrequently a complete downthrow of 15 or 20 feet.  
These phenomena were particularly noticed at the cliff, 
known as Robinson’s Folly. 

In the highest part of the island, back of Old Fort 
Holmes, the formation is much less brecciated, and 
exhibits an oolitic character, as first observed in the 
township of Bedford, in Monroe county.  The principal 
part of Round and Bois Blanc Islands is composed of the 
brecciated mass.  It forms the promontory west of 
Mackinac, which, on the north side, sinks abruptly to the 
low outcrop of the Onondaga Salt Group, stretching 
across from the Hare’s Back to Little Pt. au Chene.  It is 
seen again in the vicinity of Old Mackinac, but it 
evidently diminishes in thickness toward the south. 

The elevated limestone region constituting the northern 
portion of the peninsula, consists of the higher members 
of the Upper Helderberg Group, which gradually 
subsides toward the south, and in the southern part of 
Cheboygan county, as nearly as can be judged, sinks 
beneath the shaly limestones of the Hamilton Group.  
The strike of the formation determines the trend of the 
coast of Lake Huron, although the limestone barriers to 
the lake are generally, at the present day, situated some 
distance back from the immediate shore.  A few miles 
north-west of Adam’s Point, at Crawford’s marble quarry, 
the higher members of the series abut upon the shore in 
a cliff about seventy five feet high.  At the base we find 
four feet of brown calcareous sandstone which is 
assumed to be next in order above the oolitic beds of 
Mackinac Island.  From this point, the outcrop of the 
formation is traced in a ridge passing between Grand 
and Long Lakes, in Presque Isle county, and abutting 
upon the shore again at a point nearly opposite Mid* die 
Island.  This island is made up of fragments of the 
limestone.  Gradually subsiding toward the south, the 
formation at Thunder Bay Island rises barely to the 
surface of the water.  On the east side of the island, in 
the vicinity of the light-house, it is seen forming vertical 
cliffs beneath the surface of the water.  In calm weather, 
upon a sunny day, the view of these subaqueous 
precipices is truly impressive.  Dark gorges, gloomy 
caverns and perpendicular walls are seen dimly lit by the 
diminishing light, until darkness cuts off the view, and the 
plummet feels its way to the depth of ninety feet, 
amongst the shadows of the ruins of an ancient ocean 
stream.  Passing hence under the bed of the lake, the 
formation emerges on the Canadian shore, between 
Douglass Point and Benson’s Creek.  It passes thence in 
a broad belt to the shore of Lake Erie, which it occupies 
between Buffalo and Long Point.  Dipping toward the 
southwest beneath a trough of newer rocks, it appears 
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again upon the northern shore of the lake between Point 
aux Pins and the Detroit river, and passing into south-
eastern Michigan, it arches over, forming the anticlinal 
axis whose denudation has uncovered the Onondaga 
Salt Group.  From this axis it dips north, south-east and 
south-west, passing beneath three distinct coal basins. 

At the exposures of tins group of rocks in the southern 
part of the State, we find its thickness very considerably 
diminished.  The conglomerate, supposed to represent 
the Oriskany sandstone, has not been recognized.  The 
thick brecciated mass is not distinctly identifiable, though 
at Pt. aux Peaux and Stony Pt., the formation is much 
broken up.  Still the palæontological characters of the 
rock seem rather to ally it with that part of the formation 
seen at Thunder Bay Island.  The oolitic portion seen at 
the summit of Mackinac Island is recognized at several 
points in Monroe county, while the arenaceous strata of 
Crawford’s quarry are repeated in a beautiful white sand, 
derived from the disintegration of the rock in Raisinville, 
8 miles from Monroe.  The whole thickness of the 
formation in Monroe county cannot be over 50 or 60 feet 
from the oolitic beds to the Onondaga Salt Group, while 
at Mackinac the same strata attain a thickness of 275 
feet. 

To the west of Mackinac, the Helderberg limestones are 
found underlying the numerous islands near the foot of 
Lake Michigan, and forming the highlands seen a few 
miles back from the coast of the Peninsula, as far as 
Little Traverse Bay.  At the head of this bay, they are 
seen forming cliffs along the shore.  The highest beds 
are thick, light, argillo-calcareous, regularly stratified, 
abounding in Brachiopods, geodes and long cylindrical 
cavities.  At some points these beds are made up of a 
large dome shaped coral, similar to those seen at 
Thunder Bay Island.  A calcareo-argillaceous, shaly 
layer, of a dark gray color, one or two feet thick, 
separates these upper beds from a pale buff, argillo-
calcareous, thick bedded, fissile mass, 4 feet thick, 
which is underlain by 3½ feet of a light dingy gray argillo-
calcareous, porous, geodiferous mass, breaking with a 
very uneven fracture.  Still lower we find 6 feet of light 
argillaceous, fine grained limestone, resembling that of 
the Clinton Group.  We next come to a light buff 
limestone, much shattered, destitute of fossils, 6 feet 
thick, apparently representing the brecciated mass about 
Mackinac.  Finally, at the lowest points, is seen a light 
buff limestome, banded with argillaceous matter, and 
resembling the highest beds of the Onondaga Salt 
Group. 

The Helderberg limestones of Michigan are well stocked 
with fossil remains, which are found not only in place, 
but scattered with the drift to all parts of the State 
Probably three-fifths of all the fossils picked up from the 
surface of the Lower Peninsula.—except in the 
immediate vicinity of the outcrop of other fossiliferous 
strata—belong to this group; while more than another 
fifth belong to the Hamilton Group.  But little has yet 
been done toward the identification of the numerous 
species, in consequence of the long expected, but long 

delayed, appearance of Prof. Hall’s third volume on the 
Palæontology of New York.  The highest members of the 
formation in Monroe county, contain numerous 
ichthyodorulites and other traces of fishes, the most 
perfect of which have been furnished by Judge 
Christiancy, from his quarry near Dundee.  A finely 
preserved spine from this locality, exhibits the generic 
characters of Newberry’s Machæraeanthus* except that 
it is solid throughout.  I have also a traditional account of 
a pair of powerfully armed fish jaws.  The same quarry 
contains an abundance of beautifully preserved 
Tentaculites, showing the telescopic structure of the 
shell; a large encrinital stem, and a Gomphoceras (n. 
sp.), which is found again in the highest beds of the 
formation at Crawford’s quarry, beyond Presque Isle.  A 
little lower down, in the borders of the oolitic beds, we 
find a Rhynchonella (n. sp.).  At Stony Pt. and Pt. aux 
Peaux, the formation is much shattered, and embraces 
large concretionary masses several feet in diameter, 
which’ easily separate in concentric layers.  A similar 
structure was afterwards seen at Thunder Bay Island, 
forming domes twelve and a half feet in diameter, rising 
up through the rocky floor of the island.  Here, however, 
a distinct coralline structure was discovered, which has 
led to the conviction that the structure at Stony Point, is 
also organic.  Numerous trilobites occur in the rocks at 
Monguagon, in Wayne county, among which Phacops 
bufo is conspicuous, in or three species of Euomphalus 
were seen at Middle Island, and a very large 
Euomphaloid shell six or eight inches across, has been 
obtained from the west end of Lake Erie.  From 
Mackinac, besides Phacops bufo, Proetus (sp?) and the 
other forms noticed by Prof. Hall,† I have detected only a 
Cyathophylloid coral.  From Little Traverse Bay, I have 
Spiri- 

*”Fossil Fishes from the Devonian Rocks of Ohio,” in Bulletin of the 
National Institute, Jan. 28, 1857. 

†Foster & Whitney’s Report, Vol. II, p. 166. 

fer gregaria, Merista, Cyrtia, (n. sp.) Acervularia 
Davidsoni (from the limestones separating the 
Helderberg and Hamilton Groups,) and numerous other 
fossils.  From other parts of the State, this group has 
furnished a Bellerophon, (n. sp.) Spirifer acuminatus, 
(cultrijugatus,) Syringopora, Chonetes, Productus, 
Atrypa reticularis, Strophomena rugosa, Spirifer 
duodenaria, Strophomena hemispherica, Atrypa (n. sp.), 
Spirifer (peculiar for plication in mesial sinus) 
Strophodonta (n. sp.) Meristella, (N. Y. Regents Rep. 
1859,) and many other forms. 

The formation is extensively intersected by divisional 
planes; and even in those portions not belonging to the 
brecciated mass at Mackinac, is apt to be considerably 
broken up.  The open character of the rock permits the 
escape of numerous copious springs of fresh water, and 
occasionally gives rise to the sudden disappearance of 
streams and lakes.  Various accounts are current, in 
Monroe county, of subterranean communications from 
lake to lake, and even between Lake Erie and the 
western part of the county.  I heard it repeatedly stated, 
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that at certain seasons of the year, Ottawa Lake passes 
off by some subterranean outlet, causing the death of all 
the fish which remain, but that, on the refilling of the 
lake, the water is always accompanied by a fresh stock 
of fish.  In Mr. James Cummins’ quarry, about five miles, 
in a right line, north-east of Ottawa Lake, the rock is 
described as cavernous and full of sink holes; and what 
is remarkable, is the fact that this quarry is always filled 
with water when the lake is high, and empty when it is 
low; and whenever the quarry is full, it contains bass and 
dogfish of the common species of that region. 

The curious, suture-like structure so often referred to by 
other geologists, is frequently met with in Michigan—two 
consecutive layers of rock being studded, on their 
contact surfaces with tooth-like or prism-like processes 
which fit into corresponding pits on the opposite surface.  
A thin film of black bituminous matter generally prevents 
a perfect contact of the contiguous surfaces.  Sometimes 
these processes are so little developed, that the line of 
contact is merely zigzag, or truly future-like, while in 
other cases they become elongated prisms.  The same 
structure was long ago noted in the same formation, in 
Ohio, by Dr. Locke.*  In New York it is found in the 
Niagara Limestone, the Waterlime Group, and some of 
the higher rocks.†  These forms were termed by Prof. 
Eaton, Lignilites, from their resemblance to woody fibre.  
In consequence of Mr. Vanuxem’s suggestion,‡ that this 
structure might be owing to sulphate of magnesia, Dr. 
Beck subjected to analysis a specimen from the Niagara 
Limestone, and detected about 21 per cent, of carbonate 
of magnesia.§ 

The limestones of this group are generally somewhat 
bituminous, giving a brownish color and a fetid odor to 
the rock.  The bitumen at Christiancy’s quarry in Monroe 
county, is so abundant as to exude in the form of an oil, 
and float upon the surface of the water.  The bituminous 
exudation is very marked in the Helderberg limestones 
of Northern Illinois.  Black, bituminous, shaly partings 
frequently occur between the strata in the upper part of 
the group. 

Considerable horns*tone appears in the formation at 
Raisinville, in Monroe county, and also at Little Traverse 
Bay.  Curious cherty concretions are very common.  
These sometimes take the form of a perfect sphere, or 
ellipsoid of revolution, or a gourd, and generally reveal at 
the centre, traces of some organic substance.  These 
characters are supposed to appertain to the 
“corniferous” or upper portion of the group.  At Brest, 
Stony Point, Pt. aux Peaux, and some other localities, 
the broken strata abound in Strontianite, Dog Tooth Spar 
and Rhomb Spar.  At Brest, Amethyst is found in limited 
quantity.  Some of the cherty nodules or pebbles at 
Mackinac, pass to the character of chalcedony and well 
marked agate. 

The economical importance of this group of rocks is very 
great.  They are everywhere useful for quicklime, and 
when 

*Report of Geological Survey, Ohio, 1838, p. 230. 

†Hall, Geological Report, IV District, N. Y., p. 95. 

‡Report, in District, for 1838, p. 271. 

§Beck, Mineralogy of N. Y., p. 68. 

not too remote from settlements, are everywhere burned 
for this purpose.  Monroe county has long been 
celebrated for the abundance and good quality of its 
lime.  At Christiancy’s quarry, about 10,000 bushels are 
annually produced.  The Plumb Creek quarries, below 
Monroe, furnish a much larger quantity.  At Raisinville, 
where the outcrop of the limestone covers about 200 
acres, are 13 kilns, with a capacity of 8,540 bushels.  
Supposing that these kilns burn, on an average, once in 
three weeks, the total amount of lime produced is 
145,180 bushels per year.  Lime is manufactured at 
numerous other points in the county.  According to 
statistics on hand, the average cost of the lime at the 
kilns is about 5 cents per bushel.  It is sold for 12½ cents 
at the kilns.  Supposing the Plumb Creek quarries to 
produce 100,000 bushels annually, and all other kilns in 
the county 50,000 bushels, we have an aggregate of 
295,000 bushels, which at 12½ cents a bushel amounts 
to the considerable sum of $36,875.  This lime is 
generally purchased by the farmers, who carry it in 
wagons to the surrounding country, for a distance of 30 
miles.  It is generally sold by them for 25 cents a bushel, 
making a profit to them of $36,875 which is likewise 
retained in the county.  The aggregate annual addition to 
the wealth of the county, therefore, from the manufacture 
of lime alone, is $73,750.* 

For architectural purposes, some portions of the 
Helderberg limestones seem to be extremely well 
adapted.  The sills, caps and water table manufactured 
at Christiancy’s quarry, have a reputation of many years 
standing.  They may be seen in the court house in 
Monroe, in the new hotel, in all the new block of stores 
on Washington street south of the city hall, in Wing and 
Johnson’s banking office, and three stores in Monroe 
street.  There is no stone which stands the weather 
better.  They seem even to improve under the influence 
of exposure.  The distance of the quarry from the 
railroad has, however, prevented these stones from 
coming into general use.  During 1859, twelve 

*The scope of this report does not permit farther details, though the 
materials are on hand.  They will be introduced into the final report, 
together with practical suggestions in reference to selecting and 
burning the stone, and improving the quality of the lime. 

hundred feet of caps, window sills and water table were 
worked out, and about two hundred feet of door sills.  
About one hundred and twenty cords of rough stone are 
annually sold for building purposes. 

At Crawford’s quarry on the shore of Lake Huron, about 
eighteen miles beyond Presque Isle, this limestone 
presents characters which create the hope of very 
interesting developments.  The rock here is compact, 
fine-grained and handsomely clouded by the unequal 
distribution of the bituminous matter, so that polished 
surfaces of the general mass present quite an elegant 
appearance.  The large dome-shaped coral, however, 



spoken of as occurring at Thunder Bay Island and Little 
Traverse Bay, produces in the stone at this quarry a very 
beautiful effect.  The undulating concentric laminae, 
when cut by right planes, and the surfaces polished, 
exhibit a beautiful agate-like structure, the effect of which 
is greatly heightened by the coralline disposition of the 
calcareous matter, and the varied distribution of the 
bituminous color.  Should it be proved that this sort of 
rock can be procured in samples sufficiently large, the 
Lake Huron marble will take its place by the side of the 
most highly esteemed varieties. 

The agricultural capabilities of the district underlain by 
this group of rocks is very great.  The whole of the 
elevated limestone region north of the line joining 
Thunder and Little Traverse Bays, is capable of 
supporting a dense population.  The contrast noticed in 
passing from the arenaceous soils of the Marshall and 
Napoleon Groups, to the calcareous soils of the 
Helderberg Group, is very striking.  The islands of Bois 
Blanc and Mackinac, but especially the former, are 
covered with a growth of timber, which, except the 
addition of a few scattered Coniferæ, is a perfect 
reproduction of the forests of Monroe county, and 
Northern Ohio.  The same might have been said of the 
plateau upon the Niagara limestone, extending west 
from Centralia, on Drummond’s Island.  I saw here the 
beech, black birch, sugar maple, and other trees’ 
growing to an enormous size.  One birch measured 10 
feet in circumference.  Mr. Francis showed me here 
excellent crops of Indian corn, potatoes and oats. 

9.—Hamilton Group. 

On the east side of Thunder Bay Island, the rocks of the 
Helderberg Group are seen overlain by a black 
bituminous limestone, abounding in Atrypa reticularis, 
and numerous other Brachiopods allied to the types of 
this group.  The locality furnishes, also, two or three 
species of trilobites, a Favosites, a large coral allied to 
Acervularia and some fish remains.  The rock breaks in 
every direction, and abounds in partings of dark shaly 
matter. 

The same beds are again seen at Carter’s quarry, two or 
three miles above the mouth of Thunder Bay river, and 
here it contains the same fossils.  It is seen again on the 
south shore of Little Traverse Bay, replete with 
Brachiopods and Bryozoa, and is here eighteen feet 
thick.  It is overlain by two feet of dark chocolate colored, 
compact, argillaceous limestone, much shattered, and 
abounding in Cyathophylloids and other corals, which, in 
turn, is surmounted by 14 feet of a limestone varying 
from calcareous and crystalline to argillaceous, in beds 
from 2 to 24 inches thick.  The whole series is completed 
by 6 inches of black shale. 

The exact order of superposition of all the rocks 
constituting the Hamilton Group, has nowhere been 
observed.  The bluff at Partridge Point, in Thunder Bay, 
is believed to come in next above the bituminous 
limestone of the localities just cited.  The rock here is at 
bottom, a bluish, highly argillaceous limestone, with 

shaly interlaminations, the whole wonderfully stocked 
with the remains of Bryozoa and not a few encrinital 
stems.  No calices of Encrinites, however, could be 
found, except two Pentremites picked up along the 
beach, and one Cyathocrinoid found in place.  Above 
these beds, which are but five feet thick, occurs a mass 
of blue shale, six feet thick, calcareous in places, and 
irregularly interstratified with blue, argillaceous 
limestone.  It contains Bryozoa, Cyathophyllidae and 
Trilobites.  Still higher, is a massive limestone, below, 
filled with Bryozoa, Encrinites and Brachiopods, above, 
little fossiliferous, the whole, with interlaminations of 
clay. 

At the upper rapids of Thunder Bay river, still a different 
but entirely detached section was observed, and it is, as 
yet, impossible to collocate it with the others.  The same 
must be said of the isolated exposure at the lower 
rapids.  At the upper rapids (N. E. ¼ of S. W. ¼, sec. 7, 
T. 31 N., 8 E.,) on the south side of the river, limestone 
is seen in a bluff 15 feet high, dipping E. S. E., about 5°.  
The whole section exposed is 25 feet, made up as 
follows, from above:* 

 
The dip at this place is abnormal and evidently local.  
The true geological position of the rocks must be 
determined by future investigation. 

The rocks of the Hamilton Group are traced from the 
south shore of Little Traverse Bay to near the outlet of 
Grand Traverse Bay.  At some of the exposures Spirifer 
mucronatus is recognized in great abundance, though by 
far the most abundant Brachiopod is Atrypa reticularis. 

*In all the sections given in this Report, the numbering proceeds from 
below. 

The Hamilton Group seems to play a very important part 
in the geology of the northern portion of the peninsula, 
but in, the southern part of the State it has net yet been 
satisfactorily identified.  From Thunder Bay it passes 
under the bed of Lake Huron, and reappears upon the 
Canada shore, between Benson’s Creek and Cape 
Ipperwash or Kettle Point From here, as nearly as can 
be ascertained from the reports of the Canadian survey, 
it passes southward in a belt about ten miles wide to the 
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south-eastern part of the county of Lambton, where it is 
met by another outcropping belt, extending east from the 
shores of Lake St. Clair.  The united belts fill a trough in 
the Helderberg limestone, which extends east to the 
shore of Lake Erie between Point aux Pirs and Long 
Point, whence it crosses the lake, and reappears in 
Ohio. 

The branch which comes in from the direction of Lake 
St. Clair, ought to be recognized in the southern part of 
our peninsula, but though we hare here a great 
thickness of argillaceous strata, they are supposed to 
belong rather to the group above than to this one.  It 
seems, at any rate, pretty obvious that the eminently 
fossiliferous limestones of Thunder and Little Traverse 
Bays, do not reach the latitude of Detroit, a fact which 
accords with the great attenuation of the Helderberg 
limestones, in the same direction. 

In an economical point of view, the rocks of this group 
have not been shown to possess great interest.  It would 
certainly be well, however, to test the hydraulic 
properties of some of the argillaceous limestones of 
Thunder Bay. 

10.—Huron Group. 

At Sulphur Island, in Thunder Bay, not more than a mile 
east south-east from Partridge Pt., is found a black 
bituminous slate, which is believed to overlie the 
fossiliferous cliffs at the latter place.  No undisturbed 
strata are seen on the Island, which consists of a mass 
of fragments rising a few feet above the water.  These 
slates or, shales burn with considerable freedom, and it 
is stated that a combustion started from camp fires has, 
in several instances, continued spontaneously for many 
months, in one case 16 months.  The cinders resulting 
from these fires are still very conspicuous.  These shales 
furnish no fossils, except a few vegetable impressions 
resembling a Calamites; and some very indistinct 
impressions of shells.  Pyritous nodules and septaria are 
quite common.  Cap. Maiden, of Thunder Bay Island, 
gave me a specimen of the latter, in the shape of a very 
oblate ellipsoid, 14 inches in its greater diameter and 3 
in the lesser. 

At Squaw Pt., on the main land south of the island, near 
the residence of the old Indian Chief, Zwanno Quaddo, 
the black slates are found in place, in a cliff 10 feet high.  
The exposed surfaces are very much discolored by 
oxide of iron. 

On the opposite side of the State the black shales are 
seen at the south-east extremity of Mucqua Lake, in 
Emmet county; on the north side of Pine Lake, (sec. 3, 
T. 33 N., 1 W.); near the outlet of Grand Traverse Bay, 
(sec. 3, T. 32 N., 9 W.), and a few miles south of there, 
and again near the head of Carp Lake, in Leelanaw 
county.  The greatest observed thickness in this part of 
the State is 20 feet. 

On the east shore of Grand Traverse Bay, nearly 
opposite the north end of Torch Light Lake, is a bed of 
green shale occupying a position above the black shale.  

It is rather a soft, semi-indurated clay, traversed by 
bands of lighter color, apparently calcareous. 

No rocks have anywhere been seen reposing upon the 
black or green shales. 

From Sulphur Island, in Thunder Bay, the black shales 
pass under the bed of Lake Huron toward the south-
east, and emerge at Cape Ipperwash, on the Canadian 
shore.  From here they are traced to the township of 
Mosa, in Middlesex county, and, from their occurrence at 
Enniskillen and other localities in the vicinity, they may 
be regarded as occupying the triangle embraced 
between the two belts of Hamilton rocks, before referred 
to, and the National boundary line.  This triangle would 
be the thinning out corner of the great basin which forms 
the Lower Peninsula of Michigan. 

These shales, at Enniskillen, Bear Creek aid neighboring 
localities in Canada, become the source of large, 
quantities of petroleum; and there is little doubt that the 
mineral oil of Ohio is derived from the same formation.*  
These shales, and the great mass of less bituminous 
shales lying above them, contain a vast amount of 
vegetable or animal matter, the source of the rock oils.  
This oil is eliminated by a slow spontaneous distillation, 
and rises up and saturates the overlying porous sand-
atone rocks, in which, in Ohio and Pennsylvania, it is 
found by boring. 

Does the rock oil exist in Michigan?  The oil bearing 
rocks of Enniskillen, are but an elbow of a formation 
which belongs properly to the Michigan side of the 
boundary line.  The oil producing shales unquestionably 
dip under our State, and are not far from the surface 
throughout St. Clair, Oakland, Macomb, Sanilac and 
Huron counties.  But are they overlain by a porous 
sandstone capable of becoming the repository of the 
products of the spontaneous distillation of the oil, or are 
they overlain by argillaceous strata which would prove 
completely impervious to the ascent of volatile matters?  
In the present state of our knowledge this question 
cannot be satisfactorily answered, but the indications are 
not altogether favorable.  Nevertheless it is well known 
that at several points in St. Clair county evidences of 
bituminous exudations exist, and streams of inflammable 
gas have escaped from the earth; moreover, an 
overlying sandstone does not seem to be everywhere an 
essential condition to the accumulation of oil.  In the 
present state of the case there seems to be sufficient 
encouragement to embark in explorations on a cautious 
scale. 

The strike of the black bituminous shales beneath the 
bed of the lake, from Thunder Bay to Kettle Point, must 
pass several miles to the east of Point aux Barques.  It 
follows, therefore, that the shales and flagstones 
occurring along the shores of Huron county and dipping 
toward the south-west, must be many 

*See an Interesting paper on the “Rock Oils of Ohio,” by Dr. J. S. 
Newberry, extracted from the Ohio Agricultural Report tor 1859. 



feet higher than the shales of Thunder Bay and Kettle 
Point.  The Huron county shales and flagstones, 
however, are the next rocks observed in ascending 
order.  Not less than 180 feet of them, are seen in Huron 
county, and the total thickness must be much greater.  
They were penetrated 59 feet in Butterworth’s salt well at 
Grand Rapids, 130 feet in the State salt well, and 214 
feet in Lyon’s well. 

The greater part of this member of the group consists of 
shales, which are laminated, fissile, dark blue or 
blackish, bituminous and pyritiferous.  Their exposed 
surfaces generally become covered with rust, and when 
protected from the weather, with an astringent 
florescence resembling sulphate of iron.  Throughout the 
whole thickness, we find occasional bands of hard 
limestone and bluish, fine-grained, somewhat 
argillaceous sandstone, which at many points has been 
manufactured into whet-stones, and might be used for 
flagging.  The mere shaly portion is surmounted by a 
more important mass of the sandstone fifteen feet in 
thickness, from which the celebrated Huron grindstones 
are manufactured.  The rock here is bluish-gray, fine-
grained, perfectly homogeneous, with sharp grit and a 
limited amount of argillaceous matter.  Between the 
layers are found some serpentine grooves and casts like 
worm tracks.  One of these was traceable twenty-eight 
inches and was three-eighths of an inch in width.  In one 
fragment the pectoral fin of a fish is preserved.  
Numerous obscure traces of terrestrial vegetation are 
found between the strata, and in one place the workmen 
opened a cavity from which they took out a bushel of 
good bituminous coal—a discovery which was 
immedately followed by a fever! 

The junction between the gritstones and underlying 
shales, is finely seen at the old quarry, about one mile 
east of the principal one, the upper fourteen feet being 
sandstone, and the the lower six, shale.  It is again seen 
at the mouth of Willow Creek, where, near the saw mill, 
the shale rises six feet, and is overlain by the gritstone.  
The latter is struck in all the wells of the neighborhood, 
and forms a high ridge to the east of the village.  
Following up the creek for two and a half miles the land 
is found to rise rapidly, and the banks of the creek are in 
some places sixth to eighty feet high.  The elevation 
here rises up into the group next above. 

At the light house, one mile east of Willow Creek, the 
following section is seen: 

 

The hard, projecting, pyritous layer, (2) affords an 
excellent opportunity for measuring the dip of the 
formation, which was found to be one and a half degrees 
toward the south-west. 

A short distance west of the light house occurs the most 
extensive dislocation seen south of Mackinac.  In the 
neighborhood of the disturbance, on each side, the 
strata exhibit short .undulations, which finally become an 
actual break, and downthrow of five or six feet. 
Indications of a sliding movement are seen in the 
vicinity, and the whole effect is such as might be 
produced by a lateral pressure from the west. 

The gritstones of Lake Huron are destined to play an 
important part in the economical geology of the Lower 
Peninsula.  The principal quarry owned by Johnson, Pier 
and Wallace (sec. 30, T. 19 N., 14 E.) is now worked 
over an area of little more than four by twelve rods.  Two 
hundred tons of grindstones were taken out during 1859, 
and I was informed by the foreman that he expected to 
manufacture five hundred tons during 1860.  Several 
stones have been finished, weighing-a ton each, and 
one which weighed three tons.  These facts show the 
soundness and homogeneous character of the 
formation. 

For flagging, and for window caps, sills and water-tables, 
this stone is equally adapted.  When wrought, it has 
much the appearance of the Waverly sandstone.  Its 
color is decidedly preferable to that of the freestone, so 
extensively introduced from Cleveland, Ohio.  It contains 
less ferruginous matter, and is less likely to stain. 

The outcrop of the shales of this group is seen in the 
southern part of the State, near Adrian, in Lenawee 
county; near Union City, and again near Coldwater, in 
Branch county; at Athens, Leroy, and Newton, in 
Calhoun county; at Mendon and Leonidas, in St. Joseph 
county; and at Bangor, in Van Buren county.  There is 
little doubt that the low argillaceous belt of country 
between Adrian and the region west of Detroit, marks 
the continuation of the outcrop of the same rocks.  An 
Artesian well bored at Detroit 1829-30, showed the 
existence of 118 feet of plastic clay overlain by 40 feet of 
soil and sub-soil, and underlain by 2 feet of sand and 
gravel resting on solid limestone.  It has already been 
stated that the shales were penetrated in three of the 
salt wells at Grand Rapids.  At the well of Hon. Lucius 
Lyon, the boring extended 214 feet into these strata, 
without reaching the bottom.  This boring passed a 2 feet 
band of sandrock 18 feet from the top of the shales, and 
a 1 foot band 50 feet from the top—the arenaceous 
element being thus shown to be much less abundant 
than in Huron county.  The shales were penetrated 130 
feet in the State salt well, 3 miles west of Grand Rapids, 
and 59 feet in Butterworth’s well. 

In Branch county the shales, or more properly clays, are 
freighted with a considerable abundance of kidney iron 
ore, which was formerly used, to a limited extent, in the 
furnace at Union City, but found too highly charged with 
sulphur to answer well. 
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At two localities—Leroy, in Calhoun county, and 
Mendon, in St. Joseph county—these argillaceous beds 
present the character of a black bituminous shale.  In Mr. 
Canwright’s well, near Coldwater, the upper part is also 
bituminous, but soon passes into a plastic dark blue 
clay, which he has worked very extensively in the 
vicinity, in the manufacture of bricks.  For this use, the 
kidney iron clays are generally well adapted. 

No fossils have been detected in this group in the 
southern part of the State, except a Tellina, a Solen 
undistinguishable from one in the Marshall Group, a 
Chonetes and a Grammysia. 

The bituminous character of most of the shales of this 
group, and especially of that portion known as the “Black 
Bituminous Shales,” has given rise to numerous 
misapprehensions in regard to their geological relations, 
and has been the occasion of the practice of a great 
amount of geological quackery.  The popular opinion is, 
that coal must exist somewhere in the vicinity of the 
black shales.  The opportunity has been very many time, 
presented for discouraging explorations contemplated or 
undertaken, under the influence of this illusion.  Large 
tracts of land have been secretly taken up, with the view 
of securing eligibly situated coal mines.  The reports so 
rife among the Indians and their missionaries, of the 
occurrence of coal in the neighborhood of Grand 
Traverse Bay, are undoubtedly traceable to the same 
illusory shale.  There is not the remotest probability of 
the occurrence of coal within a hundred miles of Grand 
Traverse Bay.  This statement is made in full recollection 
of the allegation of a learned judge, that he had seen 
anthracite coal that was said to have been collected in 
that region.  One of the localities, of Indian notoriety, is 
at the southern extremity of Mucqua Lake, south of Little 
Traverse Bay.  The Indians report that they have often 
resorted there for fuel, and that they have burned the 
coal in their camp fires—a statement perfectly credible if 
we substitute shale for coal. 

Similar misguided expenditures have been made in the 
same rocks in Canada, New York, Ohio and other 
States. 

The geological positon and equivalents of the Huron 
Group of rocks, cannot yet be regarded as satisfactorily 
settled, and for this reason they have received a 
provisional, local name.  The black bituminous slate of 
Michigan has generally been regarded as equivalent to 
the “black slate” of Ohio and Indiana, which is reputed to 
occupy the horizon of the Marcellus shale or perhaps the 
Genesee slate of New York.  The Marcellus shale, 
however, lies below those New York rocks whose 
equivalents are found at Partridge Point, while our black 
slate lies above, more nearly in the position of the 
Genesee slate, or some of the shales of the Hamilton 
Group.  The lithographical resemblances, as inferred 
from the New York Reports, seem to give color to this 
identification. 

With reference to the settlement of this and similar 
geological questions, I paid a visit to several localities in 

the vicinity of Cleveland, where observations have been 
made by Dr. Newberry, Prof. Hall and others.  Dr. 
Newberry accompanied me to several points and 
rendered me every possible assistance.  About 3 miles 
east-south-east from Cleveland is an outcrop of 
sandstone dipping south-east.  This is at top, coarse, 
glistening and somewhat mottled.  Below, it becomes 
light colored, then dirty reddish gray, and then highly 
ferruginous, with ironstone partings.  On the whole it 
closely resembles the sandstone of the upper part of the 
Marshall Group.  It is said by Dr. Newberry to be 150 to 
200 feet below the conglomerate.  At Mecca, in Trumbull 
county, it is completely saturated with oil. 

At a lower level I observed chocolate colored or reddish 
shales with interlaminations of light blue, argillo-
calcareous slate.  From the equivalent of these shales 
on the west side of the Cuyahoga river, is manufactured 
the mineral paint of Ohio. 

Still lower, were noticed beds of concretionary shale, or 
flagstones, underlain by fissile shale.  The under 
surfaces of the former are marked by the appearance of 
flowing mud, a phenomenon described as occurring \n 
the Portage sandstones of New York. 

At a still lower level occurs a large stone quarry, showing 
a section through a series of bluish, fine-grained 
sandstones with shaly partings from half an inch to a foot 
thick.  These beds very closely resemble the Huron 
county gritstones, and are regarded by Dr. Newberry as 
the base of the Portage Group in Ohio. 

Further down the ravine are seen twenty or thirty feet of 
dark fissile shales, covered with iron rust and an 
astringent efflorescence, and in every respect 
resembling the shales which underlie the gritstones of 
Lake Huron.  Unfortunately there is no possibility of 
founding an equivalency on palæontological evidence.  
Aside from this I am constrained to regard the flag-
stones and shales of Cleveland as on the horizon of the 
gritstones and shales of Lake Huron.  But the Cleveland 
shales are regarded by Dr. Newberry as “Hamilton 
shales,” perhaps, however, using the term Hamilton in 
the extended sense, so as to include all the New York 
strata from the Marcellus to the Portage.  If the overlying 
shales and flagstones of Lake Huron, and the underlying 
argillaceous limestones of Partridge Pt. fall into the 
Hamilton Group, the intermediate black bituminous 
shales occupy the same position.  So I had been inclined 
to regard them so I subsequently learned the black 
shales of Enniskillen were at first regarded by Mr. 
Billings, though he afterwards placed them in the 
Portage Group on the judgment of Prof. Hall.  This 
paleontologist, whose authority is not to be questioned 
where palæontological evidence is within reach, thinks 
he likewise recognizes in the vegetable impressions of 
the black shales of Michigan, and in their general 
physical characters, satisfactory affinities with some of 
the shales of the Portage Group.  In this state of the 
case we shall be constrained for the present to regard 
the Huron Group of Michigan, extending from the 
conglomerate above the gritstones of Huron county, to 
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the top of the argillaceous limestones of Partridge Pt., as 
probably representing the locks of the Portage Group of 
New York. 

From the description which has been given of the Huron 
Group in its northern and southern outcrops, it appears 
that the group is composed of coarser materials toward 
the north, and probably attains in that direction, much 
the thickest development, while, in the State of New 
York, the source of the materials seems to have been 
from the east. 

11.—Marshall Group. 

In Huron county, we find the gritstones separated from 
the higher sandstones by a conglomerate about two feet 
in thickness, in which occur some of the fossils of the 
overlying group, especially a Rhynchonella of 
undescribed species, which, in some localities, forms 
entire masses of rock.  From the grindstone quarries to 
Point au Chapeau, the coast is occupied by sandstones 
which, at the various “Points” rise in bluffs from eight to 
twenty feet high, and farther back from the shore attain, 
in some instances, considerable elevations.  The 
distinction between the Marshall and Napoleon Groups 
is not clearly traced along this coast.  At Hard Wood 
Point, three-fourths of a mile west of Pt. au Pain Sucre, 
(called also Flat Rock Point,) are seen, proceeding from 
the west, the first undoubted fossils of the Marshall 
Group.  The rock here, which rises but a few feet above 
the surface, is a fine grained, bluish sandstone, with 
minute glistening scales of white mica.  It embraces a 
Nucula characteristic of the Marshall sandstone, a 
Solen, a Clymenia and a Goniatites.  The Clymenia 
occurs in a purplish, fine grained sandstone of 
exceeding hardness, equaling, in this respect, the 
Medina Sandstone.  In a specimen of the rock found 
here, containing carbonaceous specks, were seen small 
geodes lined with rusty crystals of calcareous spar, and 
containing small imbedded crystals of native copper. 

Between this locality and Flat Rock Point, the section 
near the shore reveals several feet of purplish, greenish. 
and yellowish strata, successively lower in the series, in 
some of which I recognized a minute Cypris-like shell 
similar to one seen at numerous points in the southern 
part of the State.  At Flat-Rock Point, still lower rocks 
rise ten feet above the water, characterized by oblique 
laminæ of great extent and uniformity, dipping 45° 
toward N. 38° E.  The whole rock here is a purely 
quartzose, friable sandstone, with many disseminated 
small pebbles. 

From this place to the immediate vicinity of Port Austin, 
rocks lower and lower in*the series rise to the surface, 
frequently attaining an elevation of 12 feet or more.  The 
first of the series is a bluish gray sandrock, 12 feet thick, 
followed by a whitish and grayish, sometimes yellowish, 
fine grained sandstone, very pure and massive, 
occurring in beds 10 to 12 feet thick, without pebbles or 
seams, and moderately coherent.  At the point one mile 
west of Port Austin, it is broken into immense angular 
fragments forty feet and less, in diameter, which lie 

about like the work of Titanean quarrymen.  Immense 
chasms produced by fissures through the rock, extend 
inland several rods, and in some cases return again to 
the water, thus detaching areas a quarter of an acre in 
extent, and even more.  Upon these rocks are growing 
the Red Cedar, Hemlock, Pinus resinosa, Arbor Vitæ or 
White Cedar, White Birch, Wintergreen and extensive 
beds of the delicate little Linnæa borealis. 

At Pt. aux Barques, is seen a sandrock dipping south-
west 1½° and consequently passing beneath the last.  
The outcrop exposes 12 feet.  The lowest beds here are 
red-striped sandstone, similar to some parts of the 
Marshall Group, in Calhoun and Hillsdale counties.  
Farther along, on the most projecting part of the point, 
the striped sandstone rises four feet above the water, 
and in the immediate vicinity, the cliffs attain the heighth 
of 17 feet.  This is by the Trigonometrical Station of the 
Lake Survey.  The overhanging cliffs here, seen from a 
distance, bear a rude resemblance to the prow of a 
vessel projecting over the water, and suggested to the 
early navigators the name which is still borne by the 
point, and to some extent attaches itself to the whole 
region for several miles east and west. 

At the fishing station and residence of J. G. Stockman, 
half a mile east of Pt aux Barques, I saw a fine specimen 
of highly ferruginous sandstone, completely filled with 
fossils, among which occurs a Rhynchonella (n. sp.) and 
the Bellerophon, so abundant in the Marshall sandstone, 
which I have named B. golericulatus. 

At the first small point cast of Burnt Cabin Pt., a greenish 
blue sandstone is seen rising to the surface and forming 
a bluff 8 feet high.  This rock contains the Clymenia of 
the grindstone quarries, a mile further east, and with 
care may be traced to that point where it is found, 
overlain by a conglomerate 2 feet thick, apparently 
forming the base of the group. 

Such is a general description of the sandstones of the 
coast of Huron county, from the highest beds containing 
Nucula to the conglomerate above the gritstones, both 
included.  It has not been deemed proper to occupy 
space with the details of stratification at the several 
points at the present time. 

The rocks of this group, as well as those of the Napoleon 
and Huron Groups, should make their appearance again 
on the opposite side of Saginaw Bay, between Thunder 
Bay and Ottawa Pt.  This whole coast is, however, 
destitute of a single outcrop.  Nevertheless, the great 
accumulation of sand along the beach, and the well 
known arenaceous character of the country further west, 
affords a sufficiently strong presumption that the limits 
stated cover the place of outcrop of these groups. 

In Sanilac county, near the head waters of the Cass 
river, sandrock is exposed to a considerable extent, 
which undoubtedly belongs to the Huron county series. 
On the S. E. ¼ sec. 7, T. 13 N., 12 E., are found 
numerous fragments of a coarse, gray, micaceous 
sandrock, sometimes inclining to greenish, and 
sometimes mottled or striped with red.  Many of these 



fragments contain white quartzose pebbles, and the 
whole aspect of the rock recalls that seen at Pt. au Pain 
Sucre.  From this point actual outcrops are frequent as 
far down the stream as the line of Tuscola county, and 
even to S. W. ¼ sec. 1, T. 13 N., 11 E., where it rises 5½ 
feet above the water.  The general character of the rock 
is shown by the following section on sea 1, T. 13 N., 12 
E.: 

 
From this neighborhood to Jackson county, no outcrops 
of rock are known; but the arenaceous character of the 
drift materials through Lapeer and Oakland counties and 
portions of St Clair and Macomb, renders it not 
improbable that the arenaceous strata of the Marshall 
and Napoleon groups would be found underlying that 
region. 

In the southern part of the State, the Marshall Group is 
better characterized and more fully distinguished from 
the Napoleon Group above.  Throughout all the northern 
part of Hillsdale county, we find a series of highly 
ferruginous sandstones, generally very fossiliferous, and 
easily recognized.  The ferruginous matter is often 
collected into bands of iron-stone, from one fourth of an 
inch to four inches thick, sometimes horizontal, 
sometimes oblique and sometimes concretionary in their 
arrangement.  From a brick red sandstone the rock 
varies to pale red, yellowish and buff, and lower down, 
becomes yellowish-green, reddish-green, bluish-green 
and bluish.  At the lowest points, as in Noe’s well at 
Jonesville, it becomes a bluish, micaceous, thin-bedded, 
shaly sandstone, and thus passes into the shales of the 
Huron Group below. 

Good exposures of the formation may be seen in the 
quarries at Jonesville and Hillsdale, and at many points 
in the townships of Moscow and Scipio.  In Jackson 
county the formation extends up into Liberty and 
Hanover, and has been pierced nearly through at the 
depth of 105 feet in the well of S. Jacobs, Jr., in the 
township of Pulaski.  The most characteristic outcrops 
are found in Calhoun county; and from that at Marshall, 
the group has received its provisional name.  At this 
place the stratification is as follows: 

 
Several characteristic outcrops occur in the township of 
Marengo, Calhoun county.  At Battle Creek the lower 
beds of the group are seen in places, highly calcareous 
and very hard, but filled with characteristic fossils.  The 
formation has not yet been seen in place in Kalamazoo 
and Allegan counties, but numerous fragments of a 
purple sandstone are strewn over the, surface, identical 
in general aspect with some layers of the group at Pt. au 
Chapeau, on Lake Huron.  In Ottawa county the group 
presents well marked exposures at several points on 
sec. 21, T. 5 N., 15 W.—township of Holland.  I am also 
informed by Henry D. Post, Esq., of Holland, that an 
outcrop occurs in T. 5 N., 16 West., near the shore of 
Lake Michigan.  At these points it embraces, as usual, 
the characteristic fossils.  One mile east of Eastmanville, 
on the wagon road from Grand Haven to Grand Rapids, 
a cut in the valley of Deer Creek exposes the laminated 
areno-argillaceous strata belonging to the lower part of 
the group; and where the same road crosses Sand 
Creek, about four miles east of Lamont, numerous 
fragments and other indications of the neighborhood of 
an outcrop may be seen.  In some of the fragments, 
which are highly ferruginous, I found the best preserved 
fossils that I have seen in the State, including Nucula, 
Orthis, Chonetes and Orthoceras. 

Further north than this, the group has not been traced; 
and even to this point, the boundaries are poorly 
defined, in consequence of the drift materials strewn 
over the surface, and the perishable nature of the rock.  
From what has been said, it appears that this group 
touches Lake Michigan, and that the Huron and 
Hamilton Groups (if both exist) must pass entirely 
beneath the lake, re-appearing probably in Mason, 
Oceana and Manistee counties, while the Marshall 
Group proceeds in the direction of Newaygo and Lake 
counties. 

Details of stratification and fossils at the various outcrops 
cannot, of course, be appropriately given at the present 
time, nor even an enumeration of all the outcrops. 

The paleontology of the Marshall Group possesses 
considerable interest, both in consequence of the 
number of individuals and species found fossil, and the 
distinctness of the fauna from that of other regions in the 
same geological horizon.  Considerable attention has 
been bestowed upon the collections from this group, but 
not a single satisfactory identification have yet been 
made.  The most abundant and characteristic fossils at 
the various localities belong to the genera Nucula, (5 
species,) Solen, (2 species,) Bellerophon, (3 species,) 
Orthoceras (5 species), Myalina and Clymenia (5 
species).  Besides these, I have referred to Cyrtoceras, 
4 species, Cryptoceras, 2 species, Trocholites, 1 
species, Goniatites, 5 species, Pleurotomaria, 1 species, 
Tellina, 1 species, Cardium, 2 species, Lucina, 1 
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species, Chonetes, Orthis and other Brachiopods, one or 
more species each. 

There are, moreover, numerous species which have not 
yet been particularly examined, among which are a few 
fish remains and land plants.  As I intend communicating 
to the public at an early day, further particulars regarding 
this assemblage of fossils, I refrain from extended 
remarks at the present time.  The delay experienced, 
however, in printing this report, enables me to append a 
few observations relative to the Clymeniæ.  According to 
all authorities, the two genera Clymenia and Goniatites 
are widely distinguished by the position of the siphon, 
being interior in the former and exterior in the latter.  It is 
true that all my specimens of Cephalopods from the 
Marshall Group are rather imperfect; but I have bad the 
opportunity to examine a large number of transverse 
sections of the so-called Clymenia, and in every case I 
find indications of a siphon closely internal, while in an 
equal number of cases, the best possible observations 
upon the dorsal surface have failed entirely to disclose a 
siphon in this position.  At the same time, it must be 
admitted that some of Sandberger’s figures of 
“Goniatites” present a close resemblance to some of my 
Clymeniæ—for example, Figs. 13, 14, Taf. III., and 11c 
Taf. VIII.  Even the sectional view, 11a, Taf. VIII., 
presents much the appearance of some of my 
specimens; but while the specimen here figured may 
have a dorsal siphon, my own specimens have not 

Further, many of the Goniatites (now so-called), figured 
by DeKoninck, afford to my eye no indications of an 
external siphon.  I have specimens from Rockford, Ind, 
generally reputed identical with DeKoninck’s G. 
rotatorius and G. princeps, (properly G. Ixion and G. 
Oweni, Hall,) and while I admit that the latter has a 
distinct dorsal siphon, I confess that the former seems to 
me to have a distinct ventral one! 

Such were my convictions at the the time of Prof. Hall’s 
visit to Ann Arbor, near the close of November last.  In 
view of the contradictions, I showed him some of my 
specimens, and without making a critical examination, 
ho did not dissent from my conclusion as to their generic 
relations.  More recently, however, in a letter 
accompanying a copy of his “Contributions to 
Palæontology,” for 1858-9, and ‘60, he says, with 
reference to specimens in his possession from New York 
and Indiana:  “On reviewing my specimens after my 
return homo, I do not find reason to doubt their Goniatitic 
character.”  And with reference to my specimens, he 
adds, “The appearance of siphuncle on the ventral side, 
which you pointed out, is, I think, deceptive.”  In 
accordance with this view, he has referred to Goniatites 
all of the closely coiled Cephalopods, characterized in 
this last number of his “Contributions.”  If, on careful 
examination of my specimens, Prof. Hall should 
pronounce them Goniatites, I should yield to his 
judgment.  Bat the shells in question seem to my eyes to 
belong to Clymenia, and I can do nothing but regard 
them as such until I am convicted or positively 
contradicted. 

I cannot doubt that the palæontological characters and 
stratigraphical position of the Marshall sandstone place it 
conclusively above the horizon of the Hamilton Group; 
and hence I am not surprised that none of the nine 
species of Goniatites described by Prof. Hall, and 
referred by him to the Hamilton Group, bear any 
considerable resemblance to the Michigan fossils under 
consideration. 

From this group were collected, at Battle Creek, the 
specimens described by R. P. Stevens,* as Leda dens-
mammillata, L. nuculæformis, L. pandoræformin, Nucula 
Houghtoni and Chonetes Michiganensis.  Not one of the 
Lamellibranchs has been satisfactorily identified by me, 
amongst the fossils collected at the same locality.  The 
Nuculoid shells have not the pallial sinus nor posterior 
elongation required by their assignment to the genus 
Leda) nor, supposing them true Nuculæ, do I find their 
specific characters clearly indicated.  Moreover, Dr. 
Stevens’ reference of these fossils to “ochreous shales, 
belonging to the coal measures,” because “associated 
with an Orthoceras, a Nautilus and Bellerophon Urei, 
which is evidently carboniferous,” must undoubtedly be 
regarded as an oversight.  The occurrence of Clymenia 
in these rocks establishes their Devonian age, while the 
Bellerophon supposed to be the one referred to, is quite 
distinct from B. Urei of Fleming, which is a dorsally 
sulcated shell, while ours presents no trace of such a 
character.  Still further, B. Urei, even if occurring here, 
would not identify these rocks with the “coal measures,” 
since the range of this species is from the Upper Silurian 
to the Mountain Limestone. 

The general aspect of the fauna of the Marshall Group 
bears some resemblance to that represented by the 
figures of the fossil remains of the Rhenish Provinces of 
Nassau,† in Ger- 

*Silliman’s Journal. Vol. XXV, [2] p. 282. 

†See Sandberger’s Systematische Beschreibung und Abbildung der 
Versteinerungen des Rheinischen Schichtensystems in Nassau. 

many, though we have not so large a proportion of 
Goniatites; while Trilobites and Spiriferidæ are entirely 
wanting.  Neither is our fauna by any means as rich. 

The rocks of this group have been quite extensively 
employed in the southern part of the State for building 
purposes, and in moderate sized structures they answer 
sufficiently well, but for very high structures the stone 
needs to be selected with care, as some portions are too 
incoherent for security.  For cellar walls and other rough 
masonry they prove of great utility.  At Jonesville and 
other localities the uniformly colored, homogeneous, 
greenish strata, in the lower part of the group, have been 
worked into very handsome caps and sills. 

12.—Napoleon Group. 

In approaching Point au Chapeau of Lake Huron, from 
the south, the bottom of the lake is seen to be a solid 
greenish sandstone.  At the point is an outlier containing 
about four square rods.  The section exposed here is 
about 8 feet.  The action of the waves has undermined 



the rock, and excavated it into purgatories through which 
the water rushes with the hollow sound described as 
occurring in similar situations on the sea coast.  In one of 
these purgatories the following section was observed: 

4.  Sandstone, reddish gray, with rusty specks, and 
many coarse grains of white quartz. 

3.  Sandstone, very thinly laminated, fine-grained, and of 
a dirty greenish color. 

2.  Sandstone, yellowish-red, with conspicuous grains of 
white quartz, and particles of rusty matter. 

1.  Sandstone, reddish and otherwise similar to above 

All the strata exhibit oblique and curved lamination, the 
dip of the oblique laminae being at this place toward the 
north, at an angle of 45°.  Between (2) and (3) are thin 
layers of bluish micaceous, carbonaceous sandstone of 
local occurrence. 

On the east side of this point, the overhanging cliff has 
formed a sheltered cave, in which, with some additions 
from rude art, it is said an old hermit found a tolerable 
habitation for several years.  The rains of his stove are 
still visible. 

It must be confessed that in lithological characters, these 
rooks cannot be distinguished from strata of the Marshall 
Group; and they are assigned to the Napoleon Group 
simply in consequence of their occurrence at a higher 
geological level than the highest strata, (those at Pt. au 
Pain Sucre,) which contain Nucula and Clymenia. 

There is little doubt that some of the sandstones before 
referred to, as occurring near the forks of the Cass river, 
should be assigned a position in this group, but it is 
impossible with our present knowledge, to draw dividing 
lines. 

The next outcrop of these rocks is found at Napoleon, in 
Jackson county, where they are quarried over an area of 
88 acres, and expose a section of about 75 feet.  The 
rock is for the most part of a grayish color, inclining to 
buff.  The beds are generally of sufficient thickness and 
perfection to answer either for flagging or building.  The 
following is the stratification: 

 
The higher beds are worked on the grounds into 
excellent window sills and water-tables, which sell for 28 
cents per linear foot.  I saw some fine floated and 
moulded stone steps and door-sills, selling for 37½ cts. a 
square foot.  The rough stone costs 25 cts. a perch at 
the quarries, or 50 cents a perch of 1600 lbs. on board 
cars.  The charges for freight are two cents a hundred to 
Jackson, four cents to Adrain, ten cents to Monroe.  The 
quarries at this place furnished the cut stone for the new 
Union School building in Monroe, also for the City Hall at 
that place, and the Union School House at Tecumseh.  A 

fine store of this stone, with smooth front, has been 
erected at Hillsdale. 

Some beds of this stone are sufficiently dean and sharp 
to answer the requisites of a coarse grindstone, and 
some years ago this manufacture had attained here a 
considerable degree of importance. 

The Napoleon sandstone outcrops at numerous other 
localities in the south part of Jackson county, and further 
northwest.  Being entirely destitute of fossils, it is not 
easy to distinguish it from the sandstones above, and 
the unfossiliferous portions of the sandstones below.  
The most northern exposure yet examined on the 
southern slope of the State, is in the right bank of the 
Grand River about a mile above Grandville, in Kent 
county. 

In all the borings for salt which have passed through the 
Napoleon sandstone it has been found separated from 
the Marshall Group by a bed of clay.  This, at the State 
salt well, was 14 feet thick; at Lyon’s well, 9; at 
Butterworth’s, 10; at Scribner’s, 10; at the Indian Creek 
well, 15; at Windsor’s, 10; at East Saginaw, 64 feet.  The 
thickness of the overlying sandstones is pretty uniformly 
about one hundred feet. 

The Napoleon sandstone bears considerable 
resemblance to the conglomerate of Ohio, as seen in the 
gorge of the Cuyahoga, at the falls; but it contains no 
pebbles, and occupies a position, moreover, below the 
carboniferous limestone.  As a distinct formation, 
therefore, it has no satisfactory equivalent in surrounding 
States; and there is no reason, except its negative 
palæontological characters, for separating it from the 
Marshall Group.  The uniformity in the petrographic 
character of the sandstones of Huron county, has 
already been alluded to.  Should it hereafter appear that 
the separating shale which lies between the Marshall 
and Napoleon Groups of the southern part of the State is 
wanting in the north, we shall be obliged to regard the 
one hundred and nine feet of sandstone passed in the 
deep well at East Saginaw as representing both these 
groups, diminished to the thickness of one of them; while 
the shale beneath, penetrated to the depth of 64 feet, 
must be regarded as the commencement of the 
argillaceous portion of the Huron Group.  Such a 
thinning of strata toward the north would, however, 
constitute a reversal of the general law of our strata, and 
I have consequently been induced for the present to 
regard the shale reached in the Saginaw deep well as 
the thickened separating shale lying between the 
Napoleon and Marshall Groups. 

13.—Michigan Salt Group. 

The Napoleon sandstone, exposed along the right bank 
of the Grand River a mile or two above Grandville, in 
Kent county (S. E. ¼ sec. 7, Wyoming), near the 
residence of Mr. Davidson, is succeeded upwards by a 
remarkable series of saliferous shales and intercalated 
beds of gypsum and magnesian limestone, attaining a 
maximum observed thickness of 184 feet.  The lower 
portion of this formation outcrops in an extensive salt 
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marsh, on sec 3, T. 6 N., 12 West (Wyoming, Kent 
county).  This is the locality of the State salt well, near 
Grand Rapids.  Nearly opposite, on the north side of the 
river, in a bluff rising 60 or 80 feet above the water, are 
located extensive gypsum quarries.  At the quarry known 
as McReynolds & Stewart’s, I observed the following 
section: 

 

 
The following is the section at Hovey & Co.’s plaster 
quarry within a few rods of the last: 

 
In establishing a parallelism between these two sections, 
it is probable that we must regard Nos. 1 and 2, (Hovey,) 
as the equivalent of No. 3, (McReynolds;) No. 3 (H.)=4 
(McR.) &c; No. 13, (H.) corresponding to 14 (McR.); 14 
(H.) to 16 (McR.); 15 (H.) to 18 (McR.); so that the beds 
15 and 17, (McR.) find no equivalents in Hovey’s quarry. 

The 13 feet bed of gypsum is a pure and solid mass.  At 
top it is reddish, veined with the bluish color of the shale; 
below, it becomes more bluish as a mass.  At the center 
the fracture and lustre remind one of hornstone, the 
mineral being translucent, fine grained, compact and 
homogeneous.  From this to the bottom of the bed, is a 

mottled and clouded gypsum of a coarsely fibrous 
structure. 

The shales of McReynolds & Stewart’s quarry are said to 
effloresce with common salt in dry weather and furnish a 
favorite “lick” for cattle. 

The roof of McReynolds & Stewards quarry dips N. W., 
about one foot in twenty.  The dip in Hovey’s quarry is 
very slight, N. 10° E. 

By connecting these observations with those made in 
boring the State salt well on the opposite side of the 
river, we arrive at an approximation to the whole 
thickness of the group, thus: 

 
This series of rocks is penetrated in all the borings for 
salt, at Grand Rapids and that vicinity.  It is found 
passing upwards through a few feet of calcareous 
sandstone, into the well characterized carboniferous 
limestone.  The thickness of the group in Lyon’s salt 
well, was found to be 111 ft.; in Butterworth’s, 151 ft.; in 
Scribner’s, 153 ft.; in the Indian Creek well, (Ball’s) 133 
ft.; in Windsor’s, 184 ft.; and it was penetrated 100 feet 
in Powers & Martin’s well.  In Jackson county it is found 
to be 49 feet thick. 

In Kent county, the Michigan Salt Group is undoubtedly 
the source of the supply of brine, though the strength 
remains undiminished, as a matter of necessity, while 
the boring is continued in the underlying Napoleon 
sandstone, until a stream of fresh water is struck, which, 
rising up, materially dilutes the brine. 

On the opposite side of the State, this group outcrops on 
the shore of Tawas Bay (Ottawa Bay), on the west side 
of Saginaw Bay.  Two miles beyond White Stone Pt., 
Bay county, T. 20 N., 1 E., is a bluff about 19 feet high, 
known as “Plaster -Bluff,” at which the following section 
was observed: 
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The dip seems to be from this point both north and 
south. 

The strata, E, become in places highly ferruginous, and 
exhibit a tufaceous structure, which is probably a recent 
change in the rock.  In other places it becomes a true 
breccia, with angular fragments of a brown limestone, 
held together by a tufaceous cement.  Small stalactites 
are forming in places where the rock overhangs. 

About 20 rods south from the main bluff, a blue clay is 
seen at the water’s edge, in place of D, the strata, E, 
being commingled with the subsoil. 

The layer, B, is not very persistent, being sometimes 
quite sandy, and passing into A. 

The gypsum is in places imbedded in the blue sandstone 
A, in belts. 

To the north of the main section, the limestones, E, 
become more arenaceous, and the sandstones, D, 
become shaly and increase to 4 feet, while the upper 
part of A is blue clay.  The sand, F, becomes 5 feet.  The 
amount of gypsum increases making a varying bed from 
six to twelve inches thick.  A second gypsum layer 
appears in A, thicker than the other. 

It is unlikely that a bluff of materials embracing so much 
soluble matter, has remained exposed to the action of 
the atmosphere and the lake, without undergoing 
important changes from its original character.  Especially 
are we unable to decide from this exposure, as to the 
whole probable thickness of the gypseous deposites.  
The waves of Lake Huron have for ages been breaking 
against the exposed edges of the strata, and the gypsum 
has necessarily been dissolved out to a considerable 
distance back from the shore.  In confirmation of this 
inference I found at Plaster Point, one mile north of the 
north line of Bay county, numerous “sink holes,” as if 
produced by the subsidence of the overlying beds, after 
the dissolving out of the gypsum.  Some of these are 
eight feet deep.  Water is standing in them, probably at 
the level of the lake.  The sides are steep, exactly as if 
the rocks had sunken.  In one place a sink is seen 
pursuing an irregular course for several rods, toward the 
lake, and the whole appearance is exactly such as is 
produced by the falling in of the roof of a miner’s “drift.”  
Off this point, in calm water, the bed of the lake is seen 
to be a mass of pure white gypsum—the same, 
undoubtedly, which rises above the surface at Plaster 
Bluff half a mile further north. 

The land, back from the shore of Tawas Bay, rises in a 
succession of ridges running parallel with the lake.  
About 12 miles back, in the vicinity of the Au Gris river, 
the country becomes very broken, resembling that upon 
Grand River in the vicinity of the gypsum quarries.  At 
the residence of Sherman Wheeler, 4½ miles south of 
Tawas City, one of the parallel ridges has attained an 
elevation of 40 feet, and the acclivity facing the lake 
presents a slope of 30° with the horizon.  This ridge is 
said to increase in height as far north as the Tawas 
River.  Mr. Wheeler informed me that no explorations 

had ever been made in this bluff, except to a limited 
extent by Mr. Challis.  Strata were found, called clay by 
Mr. Wheeler, though the specimen shown me was the 
brown limestone of the Michigan Salt Group, as seen at 
Plaster Bluff.  The green streaks in it were pronounced 
by Mr. Challis to be indications of the proximity of 
copper. Coal was also prophesied in this ridge. 

Arriving at Tawas City, I obtained some further 
information from Mr. C. H. Whittemore.  He says that a 
“slate rock” can be seen off White Stone Pt., extending 
out a mile from shore into 12 to 18 feet of water.  He has 
traced this north to the neighborhood of Wheeler’s (630), 
where it approaches within 8 or 10 feet of the surface, 
and disappears beneath the sand.  Mr. Whittemore has 
bored 30 feet at Tawas City, to strike it, but thinks he has 
not succeeded.  “It appears like a blue rock.  Challis 
says it is iron ore.”  Mr. Whittemore bored 24 feet in the 
pure clay at the foot of the bluff, back of Wheeler’s.  He 
bored in several other places, including the top of the 
bluff, and found nothing but soft clay.  It will be noticed 
that the statements of Mr. Whittemore are at variance 
with those of Mr. Wheeler.  In the present state of the 
case, while it is obvious that gypsum occurs in 
considerable quantity along the shore of Tawas Bay, it is 
necessary that borings should be carefully made in 
several places, under the direction of a competent 
geologist—by which I do not mean one of those who 
search in the Michigan Salt Group for coal, iron and 
copper. 

The rocks of the Salt Group should be found gradually 
rising toward the north along the shore of Tawas Bay.  
The gradual rise of the ridge, back of Wheeler’s, 
conforms to this condition.  If this is the case, the 
gypsum of Plaster Bluff and. Whitestone Pt., should be 
found in this ridge.  The limestone shown by Wheeler as 
taken from the ridge by Challis, belong to one of the 
beds exposed at Plaster Bluff.  In spite, therefore, of the 
negative results said to be obtained by Mr. Whittemore, I 
cannot resist the conviction that adequate explorations 
along this shore would be amply rewarded. 

A short distance south of Tawas City, this ridge is cut 
through by Dead Creek, which has very high banks.  
Though no rocks are seen in place, numerous angular 
fragments are said to occur.  In town 23, range 7, on the 
Ottawa river, are some hills 200 feet high, cut through by 
the river. 

The region between the head of Tawas Bay and Kent 
county, has not yet been geologically explored.  It is 
likely that numerous valuable facts could be gleaned 
from the notes of the linear surveyors.  Mr. Wm. B. Hess, 
of East Saginaw, has in his custody maps and notes of 
resurveys, copies of which I had hoped to procure, but 
the limited means at my disposal have not been 
sufficient to enable me to incur the expense of copying 
them.  In the mean time there is little doubt that the rocks 
of the Michigan Salt Group outcrop in abroad belt 
arching northward from Tawas Bay through Ogemaw, 
Roscommon, Missaukee, Wexford, Lake and Newaygo 
counties.  The interests of the State demand that 



explorations be made across this region at as early a 
day as possible.  If the indications observed, be found 
verified, this resource will prove of incalculable value to 
the central counties of the peninsula, at present cut off 
from all ready communication with other parts of the 
State. 

On the east side of Saginaw Bay some clays were seen 
at the mouth of Pigeon river, in Huron county, which very 
much resemble those of the Salt Group; and as this is 
about the place for the formation to strike the main land 
again, after crossing the bay, there are reasons for 
undertaking some more thorough explorations in that 
vicinity.  Indications also exist of the occurrence of the 
formation in Tuscola county.  It is likely, however, that 
the group thins out toward the south and nearly 
disappears through Lapeer, Oakland, Washtenaw, 
Jackson and Eaton counties, thus furnishing another 
illustration of the thickening of our formations toward the 
north.  The salt springs at Saline, in Washtenaw county, 
and at various points in Jackson, may possibly issue 
from the attenuated representative of the group; but I am 
more inclined to think that these waters, like similar ones 
in Branch, Oakland, and the northern part of Huron 
county, are supplied by the various formations 
outcroping at these localities.  Borings for salt have 
shown the Napoleon and Marshall sandstones to be 
saliferous, while at Saginaw, water from the coal 
measures stood at 1° of the Salometer in the upper part, 
and increased to 14° before reaching the Parma 
Sandstone.  It is important to bear in mind that the 
occurrence of a brine spring proves nothing more than 
that there is salt somewhere in the State. 

Comminuted carbonaceous matter is found in 
considerable abundance in some of the shales of the 
Salt Group.  Besides this, no organic traces hare been 
discovered. 

14.—Carboniferous Limestone. 

The best known outcrop of this formation is at Grand 
Rapids, in Kent county, where the Grand River 
experiences a fall of about 18 feet in the space of two 
miles.  The rock here exhibits gentle undulations, but the 
resultant dip is slightly toward the north east.  It occurs in 
generally thin, irregular beds, which are considerably 
broken up, and embrace frequent partings of 
argillaceous and bituminous matter.  In composition, it is 
generally eminently calcareous, but in the lower portion, 
arenaceous matter gradually gains preponderance; and 
belts and patches of the same material are irregularly 
distributed through the formation.  In the upper part of 
the exposure here, is a belt, 5 feet thick, of red, 
ferruginous, arenaceous limestone.  The thickness of the 
formation below this is 51 feet, while the thickness 
above, at this point, is unknown, though it is probably 
less than that below.  The portion of the formation below 
the ferruginous stratum, contains numerous geodes, 
filled with brown and white dog-tooth spar, brown pearl 
spar, rhombic calcareous spar, selenite, anhydrite, 
aragonite, pyrites, &c. 

From Grand Rapids, the formation has been traced north 
through Ada and Gannon, in Kent county, and to the 
rapids of the Muskegon, in Newaygo county.  South of 
Grand Rapids, it is followed through Walker, Paris and 
Gaines, in Kent county, to Bellevue, in Eaton county, 
and thence by numerous outcrops to Parma, Sandstone, 
Spring Arber, Summit, and Leoni, in Jackson county.  
The S. W. ¼ of S. E. ¼, sec. 13, Summit, is believed to 
be the most southern well-characterized exposure of this 
formation.  It occurs in a quarry belonging to Michael 
Shoemaker.  The section exposed here is about 14 feet, 
as follows: 

 
The stratum D. is the parting layer between the upper 
and lower portions of the formation.  The characters of 
this bed are exceedingly uniform at all the outcrops on 
the south and west sides of the geological basin. 

At the quarry of C. Roberts, S. E. ¼ N. W. ¼ sec. 11, 
Spring Arbor, is found a section similar to the preceding: 

 
This formation -outcrops on sections 21, 26, 27, 28, 29, 
31 and 32, in the township of Bellevue, Eaton county.  
From the various quarries in the vicinity of the village, 
the following succession of strata was made out: 

 
From Leoni, in Jackson county, no actual outcrop of this 
formation is known, until reaching Tuscola county.  On 
the S. E. ¼ sec. 16, T. 12 N., 9 E., are found numerous 
fragments of a compact, blue, non-fossiliferous 
limestone, which has been quite extensively employed 
for burning.  Rock is also felt in the bed of Cass River, at 
this place.* 

On the S. W. ¼ sec. 22, T. 16 N., 9 E, (Sebewaing), 
Tuscola county, are found abundant fragments of the 
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lower arenaceous member of the Carboniferous 
limestone, containing an Allorisma.  Further north, on the 
N. W. ¼ sec. 13, T. 16 N., 9 E., half a mile above the 
mouth of Cheboyong Creek, is a distinct outcrop of an 
arenaceous, yellowish limestone, containing numerous 
specimens of Allorisma clavata, and other species 
identical with the one found at Grand Rapids and 
Bellevue.  In this sandstone occurs a thin layer, highly 
calcareous and exceedingly tough.  The next outcrop 
occurs at the northern extremity of Stone Island (Shung-
woi gue), in Saginaw Bay.  The rock rises but four or five 
feet above the water, and is generally much brecciated.  
It is for the most part calcareous, but exhibits bands’ and 
patches of an arenaceous character; and the beach is 
strewn with fragments apparently thrown up from a 
greater depth, which seem to belong to the arenaceous 
strata exposed at Cheboyong Creek.  Allorisma occurs 
here, and geodes are not unfrequent.  The lower 
arenaceous layers appear again on North Island (Ash-
qua-guin-dai-gue). 

On the south side of Wild Fowl Bay, is a characteristic 
outcrop of the formation, extending along nearly the 
whole shore.  The dip is very slight toward the south-
east.  The greatest actual exposure is only four feet, but 
the rock undoubtedly rises in the bank to the height of 15 
feet above the water.  The following stratigraphical 
characters were noted: 
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*About the forks of the Cub, above and below, are found numerous 
fragments of a limestone of quite different character, and some kind of 
rook is felt with a pole in the bed of the stream.  The limestone is dark 
argillaceous, and occasionally arenaceous.  This is the pipestone from 
which the Indians of this vicinity cut their pipes.  It has somewhat the 
appearance of a hydraulic limestone. 

 
The flint nodules in the layer D, are bluish, of a fine, 
homogeneous structure and strike fire with steel, with 
great readiness.  They exist in large quantity.  Should 
there be a demand for such an article, Wild Fowl Bay 
could furnish an abundant supply. 

The layer E, would furnish a superior building material. 

The layers D, E and F, will make excellent lime, and the 
elevation above the water, especially if the rock enters 
into the formation of the high bank along here, would 
fully justify the opening of a quarry. 

From this point the formation crosses Saginaw Bay, and 
next appears on the Charity Islands.  The rock is seen 
under water for a long distance south-west of Little 

Charity Island.  It outcrops along the northern, western 
and southern shores, consisting of one or two layers 12 
to 15 inches thick.  It abounds in the Syringopora, before 
referred to, and contains some concretions of a cherty 
nature.  It is replete with traces of organic remains, but 
nothing is well preserved or identifiable, save some 
Bryozoa and Cyathophyllidæ. 

The formation outcrops more extensively on the north 
side of Great Charity Island, where it rises about five feet 
above the water, and presents the following section: 

 
Some portions of A are well characterized sandstone, of 
a whitish or grayish color.  The laminæ extend from top 
to  bottom of the mass, dipping north-west at an angle of 
about 45°.  They are quite undulating and even 
contorted, and the whole mass shows something of a 
rude concretionary structure. 

The formation strikes the main land at Point au Gres.  
The rock here, in spite of the name, is a limestone.  That 
part of the outcrop above the water consists of three 
layers, each about 15 inches thick.  The upper layer is, 
in places, quite arenaceous, but is more solid than the 
rock at Cheboyong creek.  It contains stains of greenish 
matter and irregularly cylindrical, somewhat 
concretionary, bodies, considerably colored. Here occurs 
the Syringopora which occupies the top of .the section at 
Wild Fowl Bay.  This layer is separated from the next by 
two or three inches of laminated, argillo-calcareous 
sandstone. 

The middle layer is more purely calcareous, but contains 
some sand.  Here I saw an Acervularia, a Syringopora, a 
Cyathophylloid, and the remains of a bony body, whose 
impression left pits regularly disposed upon the rock. 

The lower layer abounds in concretionary cherty 
nodules, perforating the rock in every direction, often 
appearing, when broken at the surface of the stratum, 
like plugs driven into the rock.  These modules are less 
flinty than those seen at Wild Fowl Bay. 

A large Productus was picked up on the beach. 

Between this point and Newaygo county, no definite 
information has yet been collected respecting this 
formation.  We know from the surveyors’ notes, that 
limestone outcrops at various points, but I have seen no 
specimens, and its geological characters are in doubt. 

The thickness of this formation is much greater on the 
western (and probably northern) borders of the basin, 
than on the southern.  It is 51 feet thick at Scribner’s well 
at Grand Rapids, and the whole thickness in this vicinity 
is probably not less than 70 feet.  It is found 65 feet thick 
in the salt wells of East Saginaw. 

As this calcareous member of the Carboniferous system 
possesses great economical and scientific interest, I 
have thought best to enter into a greater amount of local 
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and stratigraphical detail than I have done in respect to 
the other groups.  For the determination of the 
parallelism between this formation and the carboniferous 
limestones of the Northwest, lithological considerations 
become the more important, from the great scarcity of 
fossils in our formation, and the entire absence of those 
forms which furnish the means of certain identification in 
Indiana, Illinois, Missouri and other States. 

From the account which has been given, there is 
obvious difficulty in identifying our limestone with any of 
the groups that have been established by the researches 
of Owen, Hall, Swallow, Worthen, McChesney and 
others.  Little attention has yet been given to fossil 
remains, but the following notes of species thus far 
observed, may be here recorded: 

Notes on the Fossils of the Carboniferous Limestone of 
Michigan. 

[The numbers prefixed refer to the University Catalogue.] 

POLYPI 

281.  Lithostrotion mammillare,  Edwards and Haime. 
The specimens agree entirely with figures and 
descriptions by Hall (Iowa Rep.) and Owen (Geol. 
Iowa, Wisconsin, &c.). 

Localities—Grand Rapids and boulders in that 
vicinity. 

250.  Lithostrotion (Lithodendron) longiconicum ? 
Phillips. 
This abundant, generally distributed, luxuriantly 
cæspitose and branching Cyathophylloid, presents 
externally the non-striated appearance of L. 
longiconicum, while it has the oval columella of L. 
sociale, Phillips.  It is less straight than either of these 
species, and not improbably constitutes a distinct 
type. 

Localities—Grand Rapids, Bellevue, Great Charity 
Island,. Pt. au Gres. 

252.  Cyathophyllum fungites, De Koninck. 
These specimens considerably resemble Turbinolia 
fungites, Fleming, (Phillips, Geol. Yorkshire, Pl. III, 
Fig. 23.)  They are less broad than the figure of De 
Koninck, (Animaux Foss. de Belg. Pl. D, Fig. 2,) but 
agree well with Owen’s figure of the same, (Iowa, &c, 
Table IV, Fig. 4.)  The last named is reported from 
the Keokuk rapids. 

Localities—Grand Rapids, Stone Island, (Saginaw 
Bay.) 

253.  Cyathophyllum, sp? 
More expanded than the preceding, and more 
irregular in its outline. 

Locality—Grand Rapids. 

251.  Caryophyllia duplicata, Martin. 
Agreement very good. 

Locality—Great Charity Island. 

249.  Acervularia, sp? 
The obscure styliform elevation in the cup of this 
large coral strikes the eye at first as belonging to a 
Lithostrotion, but after careful examination, I am 
convinced that the coral possesses no columella.  As 
far as its characters can be inspected, it does not 
differ from Strombodes, as restricted by Pictet.  It has 
the general aspect, however, of an Acervularia, and 
only differs in having the transverse floors more 
numerous in the visceral chamber. 

Locality—Pt. au Gres. 

248.  Syringopora, sp? 
Tubes small; much geniculated and with numerous 
oblique connecting tubes or bars as large as the main 
tubes.  A very characteristic fossil, but very obscure. 

Localities—Grand Rapids, Pt. au Gres, Wild Fowl 
Bay, Great and Little Charity Islands. 

ECHINODERMATA 

286.  Archæocidaris. 
Remains of spines only, which more resemble Hall’s 
figures of A. Agassizii, (Burlington Limestone,) and A. 
Keokuk, (Keokuk Limestone,) than any others 
accessible to me. 

Locality—Grand Rapids. 

BRYOZOA. 

238.  Penestella membranacea (?), Phillips. 
Very closely related to Gorgonia (Retepora) 
membranacea, Phillips and DeKoninck.  The 
fenestrules, however, are but little longer than broad. 

Locality—Grand Rapids. 

339.  Fenestella, sp.? 
Similar to the preceding, but the fenestrules are more 
elongated and less quadangular.  A distinct, sharp 
keel runs along the ray between the two rows of 
cellules.  The form and disposition of the cellules is a 
miniature representation of the fenestrules.  This 
species is scarcely distinguishable from specimens 
collected from the St. Louis limestone, two and a-half 
miles west from Charboniere, on the Missouri .River.  
It must bear considerable resemblance to F. patula, 
McCoy. 

Locality—Grand Rapids. 

241.  Fenestella, sp.? 
The rays are very narrow and flexuous between the 
lines of email roundish fenestrates.  No cellules have 
been seen. 

Locality—Grand Rapids. 

240.  Polypora, sp ? 
Allied to P. Shumardii, Prout, (Trans. Acad. St. Louis, 
I., p. 271), a Devonian species.  The cellules are 
exceedingly minute and indistinct, though I imagine 
the specimen shows the reverse side 

Locality—Grand Rapids. 
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242.  Cladopora (?) sp? 
Prof. Hall’s characterization of this genus, (Pal. of N. 
Y., II, 137,) does not disagree with these specimens. 

Locality—Grand Rapids. 

243.  Cladopora, sp? 
The cellules are promiscuously arranged upon a 
flattened, branching axis. 

Locality—Great Charity Island. 

244.  Coscinium(?) 
Fenestrules quincuncially disposed on a flattened 
branching axis, which is minutely porous. 

Locality—Great Charity Island. 

245.  Monticulipora (?).sp?  (Rhinopora, Hall.) 
Minute, polygonal; crowded, rayless pores or cells, 
irregularly studding the surface of a compressed, 
lobated, subspheroidal mass. 

Locality—Grand Rapids. 

247.  Ptilodyctia (?) sp?  (Stictopora, Hall.) 
A branched, nearly terete stem, with pores apparently 
on all sides. 

Locality—Grand Rapids. 

BRACHIOPODA. 

207.  Productus Altonensis, Norwood and Pratten, 
(Journal Acad.  Nat. Sci., Phil. [2| III, 7.) 
Agrees very well.  It bears some resemblance to P. 
costatus Sowerby, Var, Hall, (Iowa Rep. p. 712,) but 
it is hardly broad enough for this variety, and has no 
mesial sinus though apparently flattened.  It also 
resembles P. costatus, Sow. (DeKoninck, Carbon. 
Foss. Belg. p. 164,) but it is not broad enough nor 
does it exhibit any granulations.  The striation of 
some specimens is exceedingly like that of P. 
comoides, Sow. (Phillips, Geol. Yorkshire, Pl. VII, 
Pig. 4,) P. Allonensis is from the upper portion of the 
Carboniferous limestone, (St. Louis Limestone of 
Hall.) 

Locality—Grand Rapids. 

208.  Productus pileiformis, McChesney’(New Pal. Foss. 
p. 40). 
It bears some resemblance to P. ovatus, Hall, but the 
striæ are too fine.  It differs in the same way from P. 
Altonensis, and is, besides, broader than that species.  
From P. tenuicostus, Hall, it differs from the mode of 
increase of the striæ which is by intercalation instead of 
bifurcation.  The concentric rugæ, moreover, are not 
sufficiently conspicuous.  P. pileiformis is from the 
Kaskaskia Limestone. 

Locality—Ferris’ limekiln, 2 miles north of Jackson. 

209.  Productus. 
This was thought by Prof. McChesney, (without 
making direct comparison) to be his P. fasciculatus 
(Op. cit. p. 38).  It does not, however, agree 
sufficiently well. 

 It has some resemblance to P. Cora, D’Orbigny, 
as figured by Owen (Op. cit. Table IV, Fig. 1), but my 
specimen exhibits seven or eight ribs raised higher 
than the intervening ones.  The surface is covered by 
fine undulating concentric striæ, and when exfoliated, 
shows numerous punctate depressions beneath.  
The spine bases are very scattered on the ventral 
valve. 

Locality—Unknown.  Supposed to be with preceding. 

210.  Productus Wilberanus (?), McChesney. 
The agreement is moderately good, but the 
concentric striæ or rugæ are not generally distributed.  
This species comes from the coal measures of 
Charboniere, Mo.  It differs from P. scabriusculus, 
DeKoninck, (Op cit, PI. IX., Fig. 5,) by the irregular 
disposition of the pustules. 

Locality—Unknown.  Supposed to be with the 
preceding. 

211.  Productus, sp? 
A delicate species much too finely striated for P. 
elegans, Norwood and Pratten, and somewhat too 
much so for P. Altonensis, while it is too regularly and 
coarsely striate for P. pileiformis. 

Locality—Stone Island, in Saginaw Bay. 

212.  Productus, sp? 
A species destitute of radiating striæ or ribs.  The 
ventral valve shows five or six varices or lines of 
growth; the dorsal, (if it is the same species) more 
than this.  The surface is punctate. 
 It is allied to P. gryphoides DeKoninck, (Op. cit. 
p. 182, PI. IX., Fig. 1, but not to the other figures.) 

Locality—Grand Rapids. 

213.  Productus, sp? 
Considerably resembles in form and size, P. 
muricatus, Norwood and Pratten, from the coal 
measures, but the radiating ribs are too fine.  It is 
somewhat like DeKoninck’s figure of P. costatus, (PI. 
VIII., Fig. 3,) but is not sinuated.  It closely 
corresponds with P. costatus from the coal 
measures, 9 miles north of St. Louis, Mo., except in 
not being sinuated, and in the less conspicuous 
character of the concentric rugæ. 

Locality—Grand Rapids. 

214.  Productus, sp? 
Has the form of the last, but the radiating striæ are 
much finer and the concentric folds little conspicuous. 

Locality—Grand Rapids. 

215.  Orthis umbraculum (?) von Buch. 
Allied to O. robusta, Hall, (Op. cit. 113.)  Resembles 
O. umbraculum as figured by DeKoninck, (Op. cit. p. 
223,) from carboniferous limestone, but better as 
figured by Owen, (Op. cit., Tab. V., Fig. 11.)  It 
exceedingly resembles this species as figured by Hall 
in Stansbury’s Report, (Pl. III, Fig. 6.) 
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Locality—Grand Rapids. 

216.  Orthis (?) sp? 
A single flat valve with slender auriculate 
appendages extending the hinge line to nearly the 
greatest width of the shell. 

Locality—Grand Rapids. 

232.  Orthis, sp ? 
A single dorsal valve more finely striate than the 
preceding. 

Locality—Stone Island, in Saginaw Bay. 

217.  Athyris subquadrata, Hall, (Iowa Rep., 703.) 
This species is from the Kaskaskia limestone. 

Locality—Grand Rapids. 
218.  Athyris sublamellosa, Hall, (Iowa Rep., p. 702.) 

Agrees pretty well, but the shell is not more than one-
third the dimensions of Hall’s, and is proportionally a 
little thinner.  This species is from the Kaskaskia 
limestone. 

Locality—Unknown.  Supposed to be with the last. 

219.  Athyris, sp ? 
Considerably resembles Terebratula rhomboidea.  
Phillips.  Also has some affinities with McChesney’s 
A. obmaxima from the Keokuk limestone. 

Locality—Grand Rapids. 

220.  Athyris Roysii (?)  DeKoninck. 
Closely related to smooth specimens of this species.  
(Op. cit, Pl. XX, Fig. 1) 

Locality—Grand Rapids. 

221.  Athyris, sp? 

Locality—Grand Rapids. 

222.  Athyris, sp? 

Locality—Grand Rapids* 

223.  Athyris, sp? 

Locality—Grand Rapids. 

225.  Athyris? sp? 
Bears considerable relationship to Terebratula Roysii, 
var, Leveille, (DeKoninck, PI. XXI, Fig. 1,) but it is 
somewhat broader and more quadrate.  It resembles 
A. obvia McChesney, (p. 81,) but differs in having its 
two valves equally convex, and in its faint radiating 
lines.  It is less sinuate than A. differentius, 
McChesney. 

Localities—Grand Rapids, Pt. au Gres. 

229.  Athyris? sp? 

Locality—Ferris’ limekiln, 2 miles north of Jackson. 

224.  Terebratula sacculus, var. hastata (?) DeKoninck, 

Locality—Grand Rapids. 

226.  Terebratula subretziæforma (?) McChesney, 
It is broader proportionally than this species from the 
Kaskaskia limestone, but otherwise it agrees closely.  
The correspondence is also very good with T. 
subtilita, Hall, (Stansbury’s Rep., p. 409,) but our 
shell is smaller. It is smaller, thinner and less deeply 
sinuated than specimens of T. subtilita, Hall, from the 
coal measures of La Salle, Ill. 

Locality—Grand Rapids. 

227.  Terebratula, sp? 

Locality—Grand Rapids. 

228.  Terebratula, sp? 

Locality—Grand Rapids. 

233.  Terebratula, sp? 

Locality—Stone Island in Saginaw Bay. 

235.  Atrypa, sp? 
Large, very gibbous, with numerous radiating ribs. 

Locality—Pt. au Gres. 

234.  Spirifer Keokuk, var, Hall. 
The general aspect is of this variety.  The principal 
points are as follows:  The valves are nearly equally 
convex; the mesial sinus, of the dorsal valve is 
abruptly elevated, but instead of being divided into 
four distinct plications, presents but two, which are 
distinctly marked.  The ventral valve has a sinus, 
simple at its origin, but soon divided by a distinct 
plication, and in some specimens by two lateral ones.  
Surface on each side of the mesial fold and sinus 
marked by about 8 plications, the two adjacent to the 
mesial sinus and elevation originating from a single 
one near the apex.  No striæ are seen on the surface. 
 The variety above is from the St. Louis 
limestone.  Our shell bears also a close relation to S. 
rotundatus var. planata, DeKoninck (PI. XIV, Fig. 2, 
and XVII, Fig. 4)  It is, however, a little more 
transverse than these figures, approaching in outline 
S. acuticostatus, DeKoninck. 

Locality—Grand Rapids. 

LAMELLIBRANCHIATA. 

201.  Allorisma clavata, McChesney. 
The “flattened or slightly concave space extending 
like a sinus from the beak to the base” of the shell is 
scarcely perceptible in my specimens.  From the 
Kaskaskia Limestone. 

Locality—Cheboyong Creek, Tuscola county. 

202.  Allorisma, sp? 
Bears some resemblance to A. sinuata, McChesney, 
from the Kaskaskia Limestone, but differs thus: Not 
prolonged posteriorly, nor extremely gibbous; beaks 
less than one third the length of the shell back from 
the anterior extremity; ventral margin but very slightly 
sinuate, and surfaces of valves scarcely depressed; 
concentric ridges not very strong. 
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 In form and makings it resembles Lithodomus 
Jenkinsoni, McCoy, (Brit. Pal. Rocks and Foss. Pl. 3 
F. Fig. 2). 

Localities—Grand Rapids, Stone Island, Great 
Charity Island. 

203.  Allorisma, sp? 
Allied to A. sulcata, Fleming (King, Permian Fossils, 
PI. XX. Fig 5), “from carboniferous shales, 
Redesdale, Northumberland.”  I cannot, however, 
detect any radiating pimples.  This form also 
resembles A. regularis (Owen, Rep. Iowa, &c, Tab. V. 
Fig. 13). 

Localities—Grand Rapids, Cheboyong Creek. 

204.  Allorisma, sp? 
The umbones almost overhang the anterior extremity. 

Localities—Grand Rapids, Cheboyoug Creek. 

206.  Allorisma, sp? 
Very gibbous, umbones sharp, incurved, overhanging 
the anterior extremity. 

Localities—Grand Rapids, Cheboyong Creek. 

205.  Nucula? sp? 
Perhaps an Allorisma or Myalina; very obscure. 

Locality—Grand Rapids. 

231.  Nucula? sp? 

Locality—Cheboyong Creek. 

230.  Myalina lamellosa (?), DeKoninck. 
The beak is rather too much recurved, and the 
surface too smooth, for this species.  It has some 
resemblance to M. Swallovi, McChesney (Op. cit., p. 
51), from the coal measures. 

Locality—Grand Rapids. 

GASTEROPODA. 

Remains of Euomphaloid casts have been found at 
Grand Rapids.  Very complete ceiled shells have 
been met with at Bellevue, in Eaton county, but I 
have not been fortunate enough to secure any. 

TRILOBITES. 

254.  Phillipsia, sp ? 
Fragments of tails, resembling P. Brogniarti, Fischer 
(De Kon. Op. cit., PI. LIII, Fig. 7). 

Locality—Grand Rapids. 

255.  Phillipsia, sp? 
Fragments of two tuberculated tails. 

Localities—Grand Rapids.  From Great Charity Island 
is a portion of a head which may belong to the same 
species. 

FISHES. 

Remains of spines and Psammodus-like teeth have 
been met with at various localities. 

Of the fifty-five species discriminated in the foregoing 
list, only sixteen have been even doubtfully identified 
with species hitherto described.  Of these sixteen, twelve 
only are known to the writer to occur in the carboniferous 
rocks of the Western States, and are distributed as 
follows: 

In the Coal Measures:  Productus Wilberanus(?). 

In the Kaskaskia Limestone:  Productus pileiformis, 
Athyris subquadrata, A sublamellosa Terebratula 
subretziæforma (?) Allorisma clavata. 

In the St. Louis Limestone:  Lithostrotion mammillare, 
Productus Altonensis, Spirifer Keokuk, var.  Also the 
Fenestella, No. 239. 

In the Keokuk Limestone:  Cyathophyllum fungites (?) 

In the Carboniferous Limestone generally:  Orthis 
umbraculum. 

In the present state of our knowledge, it would be 
premature to attempt to identify the Carboniferous 
Limestone of Michigan with any of the group of Illinois 
and neighboring States.  Attention may, however, be 
directed to the following points: 

1.  No indications of Archimedes have been detected in 
the formation. 

2.  Very few indications of Encrinites have been 
discovered. 

3.  The probable identification of five species, with forms 
belonging to the Kaskaskia Limestone, affords a pretty 
strong indication that at least some parts of our 
formation lie in the horizon of the very top of the general 
series. 

4.  The identification of four species with forms from the 
St. Louis Limestone, foreshadows a strong affinity with 
that part of the system.  The brecciated character of 
many portions of the rock, points, if anywhere, to the 
same relationship. 

5.  The ferruginous, arenaceous stratum, occurring in the 
midst of the formation, may easily mark the boundary 
line between the two successive epochs last mentioned; 
although, at present, it is impossible to pay whether the 
distribution of the fossils conforms with such a 
separation. 

6.  The arenaceous character of the lower part of the 
formation, becoming on the Charity Islands, a thick mass 
of yellowish sandstone; the blotches and disseminated 
particles- of greenish matter found here; the frequent 
shaly partings of the strata; certain “vermicular 
ramifications” upon the bedding surfaces, all recall the 
characters of the upper part of the Warsaw Limestone. 

7.  At the same time, the portion below the ferruginous 
arenaceous bed abounds in geodes filled with crystals of 
calc spar, dog-tooth spar, pearl spar, selenite, anhydrite, 
pyrites, &c, which recall the “Geode Bed,” below the 
Warsaw Limestone. 
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Whether our formation possesses real affinities with all 
the groups from the “geode bed” to the Kaskaskia 
limestone, is an interesting question which probably we 
shall yet be able to resolve.  Such a result would not be 
surprising.  The various groups of the Silurian and 
Devonian Systems, stretching through a vertical 
thickness of many thousand feet in New York and 
Pennsylvania, are all faithfully represented within the 
space of as many hundred feet in the Lower Peninsula 
of Michigan; and we are prepared to foresee that our 
situation, similarly, upon the borders of the great 
carboniferous sea, has resulted in an attenuated 
representation of the various groups of the carboniferous 
limestone, which towards the southwest thickens up to 
some thousands of feet. 

15.—Parma Sandstone. 

In the townships of Parma, Sandstone and Springport, in 
Jackson county, is found a white, or slightly yellowish, 
quartzose, glistening sandstone, containing occasional 
traces of terrestrial vegetation.  On the line between 
sections 18 and 19, in the township of Sandstone, this 
rock is seen succeeding upwards to the furruginous bed 
of the Carboniferous limestone.  On the N. W. ¼ of N. 
W. ¼, sec. 29, at the quarry of Mrs. Titus, the sandstone 
presents a characteristic exposure.  The rock is light-
colored, thick-bedded, firmly cemented and appears to 
furnish an excellent article for building purposes.  It 
presents the remarkable dip of 45° SSW, with vertical 
divisional planes running parallel with the strike. The 
rock is occasionally stained with iron, is of medium 
fineness and glistens in the sun, from the glassy 
clearness of the quartzose grains.  For caps and sills it is 
apparently superior to the Napoleon sandstone. 

This quarry occurs upon a ridge elevated about 35 feet 
above the limestone, which is exposed over an area of a 
square mile, beginning a few rods further west.  It has 
every appearance of a violent uplift, but the undisturbed 
position of the underlying limestone seems incompatible 
with this supposition, and we are forced to conclude that 
the apparent dip of the formation is nothing more than a 
very illusory example of oblique lamination. 

At the N. E. ¼ of S. W. ¼, sec. 18, Parma, near where 
the highway crosses Rice creek, this sandstone affords 
a Calamite.  At the S. W. ¼ of N. E. ¼, sec. 19, Parma, it 
has been quarried by Mr. L. H. Fisk.  The rock is nearly 
white, sometimes varying to a light straw color; and in 
some places is quite full of small white quartzose 
pebbles.  A portion of the Albion flour mill was built of 
stone from this quarry. 

Very numerous quarries have been opened in this 
formation in the northern part of Jackson county, but it is 
unnecessary to particularize at present. 

From Mrs. Titus’ quarry, the outcrop trends south-east 
toward the village of Barry, and is worked at several 
points.  At Boynton’s quarry, half a mile north-west of the 
Barry coal mines, is a fine exposure of massive 
sandstone, which, though occupying a higher 
geographical position than the coal, is nevertheless 

believed to belong geologically below it.  It is found 
above the limestone in the vicinity of the quarry of 
Chester Wall, and seems to be the highest rock 
throughout most of the interval between Barry and 
Woodville coal mine.  South of Woodville it may be 
recognized by its glistening character, to the immediate 
vicinity of Hayden’s coal mine, and from here to the 
region south of Jackson.  It is unnecessary to 
particularize localities.  Indeed, it is separated in this part 
of the State, by so short an interval, from the Napoleon 
Sandstone below, and the Woodville Sandstone above, 
that the geographical distribution of this formation has 
not been very accurately determined, even after a pretty 
careful survey. 

This sandstone was pierced in the boring for salt at East 
Saginaw, and its thickness was found to be 105 feet.  It 
cannot be a third of, this on the southern border of the 
basin. 

No fossils, except imperfect Calamites and vegetable 
traces, have been detected in the Parma Sandstone, but 
accompanying its outcrop, throughout its whole extent, 
are found angular fragments of a flinty or cherty 
sandstone abounding in impressions of Sigillariæ.  Not 
unlikely these remains belong to the formation in 
question.  They frequently recall the characters of the 
Ohio Buhrstone. 

The Parma Sandstone occupies the geological position 
of the Ohio Conglomerate.  The occurrence of pebbles 
at a single locality observed, constitutes a faint physical 
resemblance, but in other respects 4hc correspondence 
is rather remote.  Unlike the Ohio Conglomerate, it is 
separated from the upper Devonian rocks by a 
considerable thickness of calcareous and arenaceous 
strata. 

16.—Coal Measures. 

The Coal Measures, with the overlying Woodville 
Sandstone, occupy the whole central area of the Lower 
Peninsula.  The territory covered, embraces the counties 
of Saginaw, Shiawassee, Clinton, Ionia, Montcalm, 
Gratiot, Isabella and Midland, and the greater part of 
Tuscola, Genesee, Ingham, Eaton and Bay, being nearly 
thirteen counties, besides considerable portions of 
Livingston, Jackson, and probably other counties on the 
north.  The whole area underlain by the coal measures is 
approximately 187 townships, or 6,700 square miles.  
Over nearly the whole of this extent of country the 
measures will be found productive. 

The southern border of the basin reaches probably into 
the township of Blackman, in Jackson county.  Beyond 
this seem to be several detached outliers in which the 
measures do not attain their normal thickness, though 
the principal seam of coal is very little diminished the 
most southerly point at which coal has been found in 
place, is at Hayden’s mine, where it was discovered in 
1835, in digging the foundation of a mill.  This is on 
section 1, in the township of Spring Arbor.  The opening 
occurs on Sandstone creek where it is crossed by the 
highway, on the ⅛th section line running south through 



the S. E. ¼.  The outlier seems to be embraced in a 
gentle elevation, covering, perhaps, 40 acres to the west 
of the opening.  Some distance up the hill slope, a boring 
was made with the following result: 

 
In the drift which has been carried into the hill the coal is 
found only three feet thick, and contains a seam of Iron 
Pyrites one foot from the top. Fragments of Black Band 
Iron Ore are brought out, which contain impressions of 
fishes.  The sandstone (A) comes to the surface a few 
rods to the north, and a boring for coal was executed in 
it, of course without success.  The boring, however, 
became an Artesian well. 

One mile north of Hayden’s mine, occurs the Woodville 
mine, owned by the Detroit and Jackson Coal and 
Mining Company.  We here find the coal measures 
overlain by a sandstone, which, from its good exposure 
in the cut of the side track from the mine to the Central 
Railroad, has been designated provisionally the 
Woodville Sandstone.  The section passed in the shaft of 
this mine is as follows: 

 
A few rods from the shaft toward the north-west, the 
sandstone was found 45 feet thick in a boring.  The cut 
of the side track shows this rock to be strikingly marked 
by lines of oblique lamination, which generally dip toward 
the south.  The rock has a pale buff color, unequally 
distributed, and is but moderately coherent, rather 
friable, and towards the top it wholly disintegrated. 

The shales are compact, fine, black and highly 
bituminous.  In traversing the drifts or chambers leading 
from the shaft, the shaly roof is seen to be somewhat 
undulating and to present many evidences of slight 
disturbance since solidification.  It is intersected by 
numerous fractures, and in many instances the 
movements of the opposing faces against each other 
have polished them most perfectly.  The blackness and 
solidity of the shale give specimens the appearance of 
polished jet.  The shale contains a Lingula probably 
unknown to science. 

The coal is bituminous, solid, generally free from foreign 
matters, but is intersected by a thin belt of iron pyrites 
which is also slightly disseminated through the 
contiguous portions of the coal.  The coal furnishes a 
glistening coke, samples of which were much admired at 
the State Fair. 

It is uncertain whether this outcrop is connected with the 
main basin or is only another outlier.  Numerous 
explorations for coal- have been made in vain on the N. 

E. ¼ sec. 36, Sandstone, and extending over the line 
into the N. W. ¼ of the section.  At one point a boring 
was carried to the depth of 279 feet.  The coal measures 
seem to be mainly denuded along the interval between 
Woodville and Barry.  At the deep boring, the Parma 
Sandstone was found 24 feet thick; a series of calcareo-
arenaceous strata holding the place of the carboniferous 
limestone, 22 feet; a series of argillo-arenaceous strata 
occupying the place of the gypseous, or Michigan Salt 
Group, 49 feet; the Napoleon Group, including 20 feet of 
separating shale at bottom, 114 feet.  The boring 
extended 56 feet into the Marshall Group.  With such an 
interpretation of the results of this experiment, it would 
be obviously inconsistent to encourage further 
expenditures in the exploration of rocks below the shales 
of the coal measures. 

A little further west, at the village of Barry, the coal is 
found again outcropping and has been worked to a 
considerable extent by the Jackson City Coal Company.  
The coal possesses nearly the same qualities here as at 
Woodville, though what I saw seemed to be of a less 
solid character.  Some specimens were furnished me, 
however, for exhibition at the State Fair, which, in 
physical characters, appeared equal to any in the State. 

The geology of this vicinity is exceedingly complicated—
the carboniferous limestone and overlying Parma 
Sandstone appearing at points north-east and north-
west of the mines, at a higher geographical position than 
the coal.  There can be no doubt that these mines are 
also situated on an outlier of the coal basin, of but limited 
extent. 

An outcrop of coal is said to occur about half a mile west 
of the village of Barry.  East of here the coal is seen 
again outcropping in the bank of the Grand River at the 
mill-dam in the city of Jackson, and indications of its 
approach to the surface are seen at several other places 
in the neighborhood.  Borings and excavations have 
been made at various points, with no uniform results. In 
the shaft which was sunk by the Jackson City Coal 
Company, the following section was passed, according 
to the statement of Mr. William Walker: 

 
In the boring close by, the section continues downward 
through 30 feet of arenaceous materials, probably 
representing the Parma Sandstone. 

Numerous explorations have been made in the vicinity of 
the city of Jackson, but it would occupy too much space 
to detail the results.  It must here suffice to say in 
general terms, that the statistics accumulated seem at 
first view to constitute a perfectly chaotic mass, without 
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the least trace of a fixed order of succession among the 
strata, but that after correcting the errors in the 
mineralogical language of the well borers, it is found that 
the different explorations have pierced the Woodville 
Sandstone, the Goal Measures and the Parma 
Sandstone; that these three formations present 
numerous sudden flexures, go that after denudation of 
the ridges, each has been brought to the surface at 
numerous points.  The consequence is, that in some 
cases the exploration has commenced, in the Woodville 
Sandstone, in others, in the Goal Measures, and in still 
others, in the Parma Sandstone, which is shown to 
consist in the lower part, of an alternation of quartzose 
and argillaceous beds.  It further appears that the 
Artesian waters of this vicinity proceed from the lower 
portion of the Parma Sandstone, and that the trough 
shaped attitudes into which the rocks have been thrown, 
are exceedingly favorable to the reception and retention 
of large quantities of water.  In a full report upon our 
geology, it will be interesting to exhibit the 
correspondence of the results of the various explorations 
and to illustrate the whole to the eye by appropriate 
diagrams. 

As the three localities already referred to as the seat of 
coal mining operations arc thought to be situated upon 
outliers of the great coal basin, so nothing more can at 
present be said of the city of Jackson—the indications 
being, that rocks below the coal measures occupy the 
surface to the north of the city. 

Between Ingham and Genesee counties the boundary of 
the coal formation has not been traced.  In the south 
western part of the township of Mt. Morris and 
contiguous portions of Flushing, in the latter county, 
according to the observations of Dr. Miles, the shales 
and sandstones of the coal measures make numerous 
outcrops.  On the S. E. ¼ sec. 26, Flushing, the following 
section is observed in the bank of the Flint River: 

 
A short distance west of here the section is seen to be 
extended upwards by the superposition of 7 inches of 
sandstone and five feet of an overlying shale.  The bed 
of the fiver here is covered by a somewhat undulating 
and shattered gray sandstone which is considerably 
quarried for building.  At a point on the N. E. ¼, section 
35, Flushing, a sandstone was seen to attain a thickness 
of about 12 feet, in an excavation made by Mr. Niles. 

On the N. E. ¼ of S. W. ¼, section 22, Flushing, a shaft 
was sunk on the farm of A. J. Brown, of which the 
following account was obtained: 

 
A small hole was bored from this point to the depth of 12 
feet in the last named material, making the total depth 
attained 83 feet. 

The work seems to have been directed by “Prof. Challis.”  
The shaft is now filled with salt water. 

Coal crops out at numerous places in the vicinity.  It is 
said sometimes to show a thickness of two or three feet 
at the outcrop, but soon thins out. 

Mr. Patton, on the east side of the river, near the south 
line of section 22, has made an excavation for coal and 
found a seam 18 inches thick which is tolerably hard. 

The sandstone taken from the quarry above Flushing, is 
a pale, bluish rock, abounding in scales of white mica, 
ferruginous streaks, pyrites, carbonaceous streaks and 
curls, and much oblique lamination.  What is quite 
remarkable, I saw in a block of this stone, in the vault of 
the Bank in Flint, a long club of fibrous talcose slate, a 
mineral said to occur in considerable abundance.  This 
rock does not answer to the characters of the Woodville 
sandstone at any point where its identity is undoubted, 
and I am induced to regard it as a sandstone included in 
the coal measures.  If it is so, this is the only instance 
within my knowledge where any of the included 
sandstones have attained sufficient development to be 
worked.  It is likely, however, that the gray, homogenous, 
fine, gritty, faintly-banded sandstone, found within a mile 
or two of the city of Lansing, will be found to hold the 
same position. 

Sandstone, not unlikely the Woodville sandstone, is 
found outcropping in the township of Montrose, on the 
borders of Saginaw county. 

The next observed point in the boundary line of the coal 
field is near the village of Tuscola, in Tuscola county.  
On the S. W. ¼ Sec. 29, T. 11 N. 9 E., a seam of coal 
crops out in the bank of the Cass river. Numerous 
fragments of an arenaceous fire-clay, filled with 
Stigmaria roots, are strewn about.  Some shales occur 
here, in which is found a Lingula. 

According to information recently received from Dr. G. A. 
Lathrop, to whom I am under great obligations for his 
free co-operation in my researches, a shaft has been 
sunk on the north side of the river, with the following 
results: 
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One-half mile east of this, on the south side of the river, 
a hole was bored with the result as follows: 

 
The outcrop of these strata traced northward, would 
probably strike the bay shore in the vicinity of 
Sebewaing. 

From Barry, in Jackson county, around the northwest 
border of the basin, the boundary is still less perfectly 
known.  The coal strata are known to outcrop, however, 
on Sec. 22, in the township of Benton, Eaton county, 
near the mouth of Grindstone Creek, and still again near 
the mouth of Coal Creek, in the same county. Indications 
also exist of the neighborhood of an outcrop near the 
center of Ionia county; but beyond this ne authentic 
observations have been made.  Coal is reported, 
however, to occur near the Big Rapids of the Muskegon, 
in Mecosta county.  As a white quartzose sand, suitable 
for glass, is stated to occur at the Big Rapids, there is no 
improbability of the approach of the coal basin to that 
vicinity, for there are no such sandstones known except 
those which immediately overlie and underlie the coal 
series. 

Numerous outcrops are known within the area marked 
out above.  In the township of Lock, Ingham county, the 
coal has been taken from the bank of the Red Cedar 
river.  This point is nearly in the straight line passing 
through Tuscola, Flushing and Jackson, and possibly 
like these points, occupies a position on the confines of 
the basin.  As the strike of the underlying rocks, 
however, bends considerably toward the east, it is not 
unlikely that the eastern boundary of the coal basin will 
be found passing through Livingston county. 

In the vicinity of Corunna, which is still further within the 
basin, the coal has been successfully worked on a small 
scale for a number of years.  From an outcrop in the 
bank of a small creek on the W. ½ N. E. frl. ¼, sec. 22, 
Caledonia, Mr. Alexander McArthur has removed several 
thousand bushels of broken coal for the supply of 
neighboring blacksmiths.  An excavation made at this 
place by the Detroit and Milwaukee Railroad Company, 
reveals the following section: 

 

The coal is of a handsome quality, and is intersected, 
like the seam in Jackson county, by a streak of pyrites. 

Half a mile east of here, the overlying Woodville 
sandstone makes its appearance.  In a shaft sunk by 
Frazer and Stanton, not the one now worked, the 
following section was passed: 

 
The prevailing sandstone exposed at Rock Bar, at 
Blossom’s quarry, and numerous other localities in the 
vicinity of Corunna, is probably the sandstone which 
overlies the coal. 

At Owosso, a shaft was sunk by the Detroit and 
Milwaukee Railroad Company, with the following result, 
as communicated by B. O. Williams, Esq., to whom I am 
indebted for much assistance: 

 

 
Near the mouth of Six Mile Creek, in the township of 
New Haven, numerous explorations have been made.  A 
shaft sunk at the mouth of the creek, furnished the 
following section, according to information received from 
Mr. George Ott.  The shaft was sunk by Messrs. Silliman 
and Walker, 27½ feet, and the section continued by 
boring: 

 
A sandstone is seen in the vicinity, overlying the bluish 
black shale.  The black band outcrops in the bed and 
bank of the Shiawassee river at the bridge, and has 
been quarried for building purposes.  Half a mile up the 
Greek it is seen presenting a compact, fine-grained, 
calcareous character, of very black color, and seems 
capable of taking a polish.  According to the statements 
given above, we have here 11 feet of coal within a 
vertical thickness of 18½ feet.  The shafts which I have 
visited have generally been found filled with water, so 
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that it has been impossible for me to make personal 
observations.  In such cases I have deemed the 
statements of persons who watched the progress of the 
work as better than an entire absence of information.  At 
this place, as in most others, I had the opportunity to 
inspect samples taken out.  As to the nature of the 
strata, therefore, I have judged for myself, while for their 
thickness, I have had to depend upon others.  If the 
information obtained from Mr. Ott is correct, (and it is 
corroborated by Mr. B. O Williams,) Six Mile Creek 
furnishes the greatest thickness of workable coal that 
has yet become known in the State. 
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Next to this, the greatest known thickness of any single 
vein of coal is 4 feet 1 inch, in a shaft and boring sunk on 
Sec. 35, in the township of Delta, Eaton county.  My only 
knowledge of this locality is recently obtained from 
Messrs. J. A. Kerr and LaRue, of Lansing, who furnished 
me from their records the following statement of rocks 
passed through: 

 
We have here a total thickness of 8 ft 11 in. of coal, 
distributed in bands, as follows: 

 
The coal also outcrops at Chesaning, on the land of 
Sheriff Turner, and at several other points along the river 
in this township and St. Charles. 

In the salt borings on the Saginaw river, coal is struck 
between 120 and 140 feet.  At East Saginaw, according 
to notes of Dr. Lathrop, the following was found to be the 
section through the coal measures: 

 
The whole thickness of the coal measures here, 
between the overlying and underlying sandstones, is 
thus shown to be 123 feet, which is the greatest 

thickness yet measured.  Probably, however, the 
thickness is still greater at Owosso. 

Putting all the observations together, (of which it is not 
necessary to make any further details,) it appears that 
the rocks; of the coal measures occupy a shallow basin, 
the longest axis of which is nearly coincident with the 
axis of Saginaw bay.  This bay breaks over the 
northeastern rim of the basin, and near its head the 
rocks will probably be found to exhibit their greatest 
depression.  It is not likely, however, that this depression 
varies greatly between Saginaw and Ionia county.  In 
other words, the lowest depression of the carboniferous 
trough lies beneath a line extending from Ionia county 
into Saginaw bay.  Along this line the coal measures will 
be found to have the greatest thickness, and the coal 
seams will be developed in greatest number and force. 

When we speak of the carboniferous basin or trough, it 
must nevertheless be remembered that all these rocks 
repose very nearly in horizontal planes, so that the slight 
undulations into which they have been thrown by gentle 
disturbances since their solidification, have presented 
eminences and ridges which have subsequently been 
more or less worn down.  It follows, therefore, that the 
Woodville sandstone is not everywhere found covering 
the coal measures, even within the area that has been 
described.  The denudation has sometimes extended 
entirely through this sandstone, or into the shales below, 
or even so far as to reach below the coal seams.  The 
tracts, however, within the carboniferous area, which 
have been entirely denuded of coal, must be very 
limited, so that in general terms, the whole area will be 
found productive. 

From the numerous sections which have been given, it 
appears that one persistent seam of coal runs through 
the whole formation.  This ranges in thickness between 
three and five feet, being thinnest near the borders of the 
basin.  Toward the central axis of the basin, all the 
members of the series thicken, and several accessory 
seams of coal make their appearance.  When this 
occurs, one of the seams is a cannel coal about 2 ft. in 
thickness.  Immediately above this seam is a belt of 
black band, becoming in places highly calcareous, and 
passing into a black ornamental limestone or marble.  To 
present the general structure of our coal measures more 
clearly to the mind, we may make use of the following 
table: 

 
The shales of the coal measures are well stocked with 
the remains of the terrestrial vegetation.  Fern leaves, in 
a beautiful state of preservation, are sometimes found in 
the black band.  But few marine fossils occur, and these 
have been already noted. 
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17.—Woodville Sandstone. 

Some account of this formation has necessarily been 
embraced in the description already given of the Goal 
Measures, and I shall add but few observations.  
Wherever it is not denuded, it is the capping stone of the 
coal measures.  It is a friable, rather coarse, quartzose 
sandstone, stained to a variable extent with oxyd of iron.  
At Jackson, the rock is nearly white, and has been used 
in the manufacture of fine glass; at Corunna it is pale 
buff, and embraces abundant rich nodules of kidney iron 
ore, which, on the disintegration of the rock, are left in 
the soil; at Owosso it is flesh colored; near Lyons, in 
Ionia county, it is striped and mottled with red, or even of 
a uniformly brick red color.  It varies equally in hardness, 
being sometimes sufficiently solid for grindstones and 
building stones.  The State Prison is built of a rock 
supposed to be this.  The material for the county offices 
at Ionia was also derived from the same source. 

This rock embraces numerous comminuted remains of 
vegetation, and some well preserved stems of Calamites 
and Lepidodendron. 

Although I have treated separately of the Parma 
Sandstone, the Coal Measures, and the Woodville 
Sandstone, there is no doubt that they all belong strictly 
to one geological epoch, and constitute what, in a more 
extended sense, may be designated the coal measures.  
This remark, however, is somewhat more applicable to 
the Woodville than the Parma Sandstone. 

18.—Superficial Materials. 

No traces have yet been discovered in the Lower 
Peninsula, of any of the geological formations 
intervening between the Goal Measures and the Boulder 
Drift.  Drift materials are strewn over nearly the entire 
surface, and constitute a very serious obstacle in the 
way of the investigation of our geology.  A large number 
of facts and observations is on hand as data tor the 
discussion of this formation, but it will be necessary to 
content ourselves with a few general remarks. 

Numerous evidences exist of the movement of heavy 
bodies over the underlying rocks, previously to their 
burial by the Drift.  Wherever considerable surfaces are 
found exposed, they are seen smoothed and striated in 
the manner usually attributed to drift agency.  The most 
remarkable examples are seen upon the Helderberg 
limestone at Brest, Stony Pt., and Pt. aux Peaux.  At 
Stony Pt, the surface of the limestone has been denuded 
of soil by the action of the waves, over an area of 
several acres.  The whole surface is level, smooth and 
floor-like, and covered with a set of striæ running in 
perfectly parallel lines N. 60° W.  One deep groove is 
seen belonging to this set.  The most remarkable feature 
seen here, however, is the occurrence of two parallel 
grooves crossing the first set and bearing N. 60° E.  
These grooves are 4 ft. 6½ inches apart, 1⅜ inches 
deep, 2 inches wide, and 25 feet long, issuing from 
under the cover of diluvial materials, and terminating at 
the point to which the waves have broken away the rock.  

The first impression which irresistibly forces itself upon 
the mind, is the conviction that a loaded wagon has been 
driven over the surface while in a yielding condition; and 
a couple of grooves parallel to these, seen for a part of 
the distance like the tracks of the second pair of wheels, 
greatly confirms the illusion. 

The Island of Mackinac shows the most indubitable 
evidences of the former prevalence of the water, to the 
height of 250 feet above the present level of the lake; 
and there has been an unbroken continuance of the 
same kind of aqueous action from that time during the 
gradual subsidence of the waters to their present 
condition.  No break can be detected in the evidences of 
this action from the present water-line upward for 30, 50 
or 160 feet, and even up to the level of the grottoes 
excavated in the brecciated materials of “Sugar Loaf,” 
the level of “Skull Cave” and the “ Devil’s Kitchen.: 

While we state the fact, however, of the continuity of the 
action during all this period, it is not intended to allege 
that the water of the lakes, as such, has ever stood at 
the level of the summit of Sugar Loaf.  Nor do we speak 
upon the question whether these changes have been 
caused by the subsidence of the lakes, or the uplift of 
the island and adjacent promontories.  It is true that the 
facts presented bear upon these and other interesting 
questions, but we must forego any discussion of them.* 

*Abundant evidences are furnished along the shores of Lake Huron, of 
the unbroken continuity of the action of those physical forces which 
have transported and assorted the materials of the Drift.  From the 
shingle beach formed by the violence of the last gale, we trace a series 
of beaches and terraces, gradually rising as we recede from the shore, 
and becoming more and more covered with the lichens and mould and 
forest growths which denote antiquity, until, in some cases, the 
phenomena of shore action blend with the features which characterize 
the glacial drift.  These observations tally so well with the views of 
Pictet on the continuity of the Diluvian and Modern Epochs, as 
established by palæontological evidences, that I cannot forbear 
referring the reader to an article of his which falls under my notice as 
this report is going through the press.  See Bibliotheque Universelle de 
Geneve, Vol. VIII, p. 255.  Also, Silliman’s Journal, [2] XXXI, 345. 

Upon the smooth and striated surfaces of the rocks, has 
been brought an immense deposite of waterworn and 
comminuted materials, derived from the breaking up and 
disintegration of pre-existing strata.  We generally—
almost universally—find the face of the rock overspread 
with a confused mixture of blue clay and azoic and 
plutonic boulders and pebbles.  These coarse materials 
are often arranged in rude courses which have a curved 
or irregular dip, and may often be seen outcropping on-a 
hill-side, or even upon the plain.  At East Saginaw these 
materials are 90 to 100 feet below the surface.  At 
Detroit they lie 130 feet below the surface.  Through the 
interior of the State they are found outcropping at 
irregular intervals, producing occasional patches of 
ground principally noteworthy for their cobble stones.  A 
field was noticed in the southern part of Jackson county 
in which, by measurement, the average distance 
between adjacent stones was only four inches.  This 
small field had already furnished many hundred cords of 
these stones; but every plowing seemed to favor the 
development of a new crop.  Strange to say, this and 



similar lands are found to produce excellent crops of 
wheat. 

Great use is made of these cobble stones for purposes 
of paving in the cities, a use for which their great 
hardness and toughness renders them eminently fit.  
Mineralogically, they consist mostly of rounded 
fragments of syenite, greenstone, vitreous and jaspery 
sandstones, and hornblendic, talcose, and serpentinous 
rocks of the azoic series. 

Above the boulder bed we find a deposite of argillaceous 
and arenaceous materials more distinctly stratified and 
assorted, as if by the action of eddying waters.  So far as 
I have observed, the lake ridges and terraces are 
worked in these materials.  Here we find buried, 
numerous tree trunks, generally of the White Cedar, 
many of which may be seen projecting from the bank 
which overhangs Lake Huron, near Fort Gratiot, and at 
numerous other points on the lakes. 

The materials of this assorted drift are not so exclusively 
of extreme northern origin as those of the boulder drift.  
Perhaps two-thirds of the whole has been derived from 
the destruction of rocks within the Lower Peninsula; 
while a large and characteristic portion comes from the 
strata in the immediate neighborhood.  The vicinity of a 
coal outcrop has filled the subsoil with fragments of coal, 
which can be traced, gradually diminishing in 
abundance, for one, two or ten miles.  The experienced 
observer, however, is able to tell whether the source of 
the materials is near or remote, for the further they have 
been transported the more uniformly they become 
scattered amongst the other materials, while in the 
immediate vicinity of the outcrop the carbonaceous 
debris is not only more abundant but contains more fine 
matter, and is disposed in streaks.  In a similar manner 
the vicinity of a limestone formation produces a 
calcareous soil; sandstone an arenaceous one; shale an 
argillaceous one.  Nowhere is the connection between 
the soils and geological structure better shown than in 
Michigan.  Even the arboreal vegetation of the peninsula 
is distributed in belts across the State, corresponding to 
the calcareous, arenaceous and argillaceous belts of soil 
overlying the corresponding rocks. 

To this epoch of the drift seems to belong a bed of lignite 
discovered on Grand Traverse Bay, near the outlet, on 
the north shore.  The following section embraces the 
lignite and associated beds: 

 

The lignite is compact, bituminous, and highly 
combustible.  The bed is traceable along the shore for a 
quarter of a mile, but nothing more is known of its extent.  
A single fragment was seen on the opposite shore of the 
bay. 

The bed E, above the lignite, has evidently been 
deposited by the action of fresh water, since the epoch 
of the lignite; while the bed B, beneath the lignite, may 
belong to the same or may represent the glacial or 
boulder epoch. 

Several other lignite beds are known upon the shore of 
Lake Superior, and I am informed that the inhabitants of 
that region are beginning to learn their use. 

The inequalities left in the surface of the assorted drift, 
upon the withdrawal of the submerging ocean, remained 
filled with water, which, by constant drainage to the sea, 
in connection with accessions of fresh water only, have 
become our numerous inland lakes.  These for many 
ages have been gradually filling up from several 
sources.  1st. Rains have transported the finer materials 
from the surrounding hills into these little basins.  2d. 
Spring-waters, charged with calcareous matter, have not 
only supplied the lakes with that material, but have 
precipitated large amounts upon the bottom.  3d. 
Mingled with these calcareous sediments, the dead 
shells of fresh water molluscs have accumulated in very 
great abundance.  The union of these calcareous 
materials has formed a deposite of marl, continually 
thickening. 

Around the shallow margins of these lakes is always a 
belt, abounding in various forms of aquatic vegetation, 
which, decaying, form a deposite of vegetable matters, 
resting upon the marl, from the water’s edge to the inner 
limit of vegetable growth.  With the filling of the interior, 
the shallow belt extends toward the center, and the 
vegetable deposite continually encroaches upon the 
lacustrine area, until the whole lake becomes a peaty 
marsh, with a bed of marl at bottom.  Subsequent 
accessions of vegetable and calcareous matters fill the 
interstices of the porous soil, exclude the standing water, 
and convert the reeking marsh into dry and arable land.  
We behold, at the present day, these changes in all 
stages of progress. 

The beaver and the muskrat may exert some agency in 
the inundation and drainage of lands, but a few 
observations upon the borders of our lakes will suffice to 
show that they are by no means the principal agents. 

The beds of marl and peat thus accumulated constitute 
almost exhaustless repositories of nutritive matter for the 
recuperation of the hillside soils, that have been 
exhausted of their soluble ingredients by the leaching 
rains, and an improvident system of farming.  A 
consideration of the manner of preparing and applying 
these materials would be exceedingly interesting, bat 
must be postponed for a final report. 

Imbedded in these accumulations of marl and peat, are 
found the remains of the Elephant, Mastodon and Elk, 
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the two former of which are now extinct from the 
continent, and the latter is only seen rarely in the 
remoter portions of the State.  A fragment of a molar of 
the Mastodon was found by Dr. Miles at Green Oak, in 
Livingston county.  A perfect molar of an elephant has 
been exhumed in ditching in the northern part of Jackson 
county.  Other remains occur in Macomb county.  By far 
the most interesting discovery has been made by Mr. G. 
M. Shattuck, in the township of Plymouth, in Wayne 
county.  Mr. Shattuck here exhumed nearly an entire set 
of teeth of a Mastodon, including a piece of one of the 
tusks several feet in length.  Some of these remains 
were in too friable a condition to be preserved, and 
others were injured by the injudicious handling of 
visitors.  I have only had the opportunity as yet of seeing 
five teeth.  These prove to be the molar teeth from the 
lower jaw of Mastodon giganteus, three being from the 
left side and two from the right.  The anterior one from 
the left side, is the single permanent premolar, and the 
posterior two, like the two on the right side, are the first 
and second true molars—the third, which is the largest 
of all, not appearing to have been developed at the time 
of the animal’s death.  These teeth are all in a beautiful 
state of preservation, still retaining their glossy enamel, 
and most of the fangs which belong to molar teeth.  The 
tubercles of the crowns of the teeth were but little worn, 
showing, together with the absence of the third or largest 
true molar, that the animal had scarcely attained full 
maturity.  The dimensions of the teeth were not 
extraordinary for proboscideans, being from two inches 
to four or five inches in anteroposterior diameter along 
the crowns, while the third molar of an adult Mastodon 
ranges from 7½ to 8½ inches in the same dimension.  
These interesting relics of a former age and a former 
population, are retained in the hands of their discoverer.  
It is greatly to be hoped that he will not allow them to 
become scattered or destroyed. 

During the progress of the former survey, a large 
vertebra was discovered in the western part of the State 
which was recognized at the time as the caudal vertebra 
of a whale, by Prof. Sager, then State Zoologist. 

CHAPTER IV. 
General Observations—Table of Geological 

Formations 
Many interesting considerations present themselves on 
a general review of the geology of the peninsula.  From 
the Lake Superior Sandstone to the close of the 
Helderberg period, our State seems to have had a 
common history with Canada West, and the States on 
both sides of us.  The same groups of rocks are traced 
uninterruptedly from New York across the peninsula of 
Canada to Michigan, and even to the Mississippi river, 
preserving throughout that whole extent as great a 
degree of patæntological identity as could be expected 
of faunas stretching over so many degrees of the earth’s 
surface.  It is true, as has been long since shown by 
Prof. Hall, that nearly, every member of the Silurian and 
lower Devonian systems, thins, gradually in its westward 

prolongation, loses somewhat of its arenaceous or 
argillaceous character, and becomes at the west much 
more calcareous—changes which have generally been 
regarded as proving the origin of the materials of those 
groups to have been at the east.  It is interesting to 
observe, however, notwithstanding this westward 
attenuation, how completely we are able to recognize all 
the essential features of the New York System in our 
own State. 

From the close of the Helderberg period, on the contrary, 
Michigan has had a history to some extent peculiar.  The 
rocks of the Hamilton group can indeed be traced almost 
continuously from New York into our own State, but the 
palæontological characters are found materially 
changed, and the strata are more argillaceous.  The 
Portage Group, of New York, supposing it to be 
represented by our Huron group, has received great 
accessions of argillaceous matter, and seems to have 
been deposited under circumstances more unfavorable 
to the existence of animal life.  The Chemung Group, 
supposed to be represented by our Marshall Group, has 
been traced uninterruptedly into Ohio, where it becomes 
almost non-fossiliferous.  The Marshall Group is totally 
isolated from rocks of the same age anywhere beyond 
the limits of our peninsula; and though the sandstones 
bear some physical resemblance to those of the 
Chemung Group, of Ohio and New York, our formation 
contains little or no argillaceous matter; its fauna is 
remarkably rich, and its species are nearly all peculiar.  
The Napoleon Group, if correctly separated from the 
Marshall Group, has no distinct equivalent in 
surrounding States; and its entire destitution of organic 
remains will cause its true geological relations to remain 
in doubt. 

If anything were wanting to show that the geological 
column in Michigan has been built up as a distinct and 
independent structure, the existence of the gypseous or 
Michigan Salt Group, supplies the deficiency.  But even 
further than this, no obvious parallelism has yet been 
traced between the overlying carboniferous limestone, 
and the groups of this system further west.  The 
indications already pointed out, however, lead to the 
conjecture that our limestone was accumulating during 
several of the epochs into which geologists have divided 
this period, though the isolation of our sea has resulted 
in little correspondence of organic remains.  The paucity 
of rock-producing materials seems to have continued 
through the epoch of the coal—our measures not 
attaining one-twentieth the thickness of the same rocks 
in Ohio.  The evidences lead us to the conviction that the 
Ohio and Michigan coal basins were never continuous, 
and that the waters did not flow over the separating ridge 
between the close of the Helderberg period and the Drift.  
It cannot be denied, however, that, supposing the 
carboniferous sea to have been a general one, the 
remoteness and comparative isolation-of the Michigan 
bay, furnished occasion for great contrasts in 
stratigraphical, lithological and palseontological 
characters. 
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One other class of facts must be referred to, which 
weigh in the same direction.  They constitute evidences 
that the materials for our upper Devonian and 
carboniferous rocks have been derived from the north.  
The Helderberg limestones are 350 feet thick at 
Mackinac, and not more than 60 feet thick in Monroe 
county.  The Hamilton Group, so well developed in 
Thunder and Little Traverse Bays, is not recognized in 
the southern part of the State. The Huron Group with its 
gritstones and flagstones at Pt. aux Barques, contains 
only two strata of flagstone at Grand Rapids.  The 
conglomerate at the base of the Marshall Group, at Pt. 
aux Barques, is recognized at none of the southern 
outcrops.  The pebbles scattered through the Marshall 
and Napoleon Groups in Huron county, are entirely 
wanting in Jackson and Calhoun counties; while, on the 
contrary, extensive patches of the Marshall sandstone 
are found finely cemented by calcareous matter at Battle 
Creek, Jonesville and other southern points. 

If our later palæozoic rocks are entirely isolated from 
those of adjoining regions; if their lithological characters 
are different; if their organic contents are peculiar; if their 
materials have been received from another direction; 
what prevents us from saying that Michigan has had a 
little geological history of her own, that her boundaries 
were marked out many thousand years ago—in short, 
that she was the very first of the States to take her place 
in this great and imperishable Union. 

One other remark is suggested by this review of our 
rocks.  The geology of Michigan discloses little 
connection between the Carboniferous Limestone and 
the Coal Measures; while the transition to Devonian 
rocks is imperceptible.  I see no reason for drawing the 
broad lines which separate great systems, between the 
Marshall and Napoleon groups, or between the 
Napoleon group and the Carboniferous limestone.  On 
the contrary, I see the limestone characterized by a 
peculiar, persistent, marine fauna, while the Parma 
Sandstone, the Coal Measures and the Woodville 
Sandstone, were accumulated in shallow waters near 
shores, or even in marshes; and are characterized, from 
bottom to top, by evidences of the proximity and 
abundance of terrestrial vegetation.  These contrasts 
hold: throughout the country, and in all Countries.  
Whatever marine remains are found in the coal 
measures, belong to species distinct from those in the 
Carboniferous Limestone; and if the generic distinctions 
are not complete, the organic facies of one is vegetable 
and terrestrial; that of the other, animal and marine.  
Downward the types of the lower Carboniferous rocks 
descend into the upper Devonian—some carboniferous 
species, and numerous carboniferous types, even 
reaching the Hamilton group.  Observations in Michigan 
suggest rather to draw the broad systematic lines below 
the Hamilton group, and between the Carboniferous 
Limestone and the Coal Measures. 

SYOPTICAL VIEW OF THE GEOLOGY OF THE 
LOWER PENINSULA OF MICHIGAN. 

V.—QUATERNARY SYSTEM. 

(c)  Soil—Peat, Marl, Calcareous Tufa, Bog Iron ore, 
Ochre Beds. 

(b)  Lake and river terraces, and other phenomena of 
altered drift; Lignite beds of lakes Michigan 
and Superior; Buried tree trunks. 

(a)  Boulder Drift; Diluvial striæ. 

IV.—CARBONIFEROUS SYSTEM. 

16.  Woodville Sandstone, 79 feet; Jackson, Woodville, 
Barry, Shiawassee county; Lyons; Tuscola 
county, &c. 

15.  Coal Measures, 123 ft.; consisting of 

(e)  Bituminous shales and clays, 40 ft. 
(d)  Black band, passing into black limestone, 2 ft. 
(c)  Bituminous and Cannel coal in one or more 

seams, with aggregate thickness of 3 to 11 ft. 
(b)  Fire clay and Sandstone, 23 ft. 
(a)  Shale, Clay, Sandstone and thin seams of coal, 

50 ft. 

14.  Parma Sandstone, 105 ft.; Jackson county and salt 
borings at Saginaw. 

13.  Carboniferous Limestone, 66 feet: 

(c)  Upper, 10 ft.; Grand Rapids, Bellevue, Parma, 
Spring Arbor, Wild Fowl Bay, Charity Islands, 
Pt. au Gres. 

(b)  Middle, or Red Layer, 5 feet; Grand Rapids, 
Bellevue, Sandstone, Spring Arbor. 

(a)  Lower, 51 feet: seen at most of the above 
localities.  Becomes arenaceous below. 

12.  Michigan Salt Group, 184 feet: 

(c)  Carbonaceous and argillaceous shale, gypseous 
and pyritous marls. 

(b)  Shales, marl, magnesian and silicious limestone, 
and thick beds of gypsum.  The shales 
impregnated with salt. 

(a)  Saliferous shales and alternating arenaceous 
limestones. 

11.  Napoleon Group, 123 feet: 

(d)  Shaly micaceous sandstone, 15 feet. 
(c)  Napoleon sandstone, 18 feet, highly saliferous in 

many localities; Napoleon, Grandville, Rush 
lake, Pt. aux Barques. 

(b)  Shaly micaceous sandstone, 15 feet:  Salt 
borings. 

(a)  Clay or shale, 15 feet, [more than 64 feet at East 
Saginaw (?)] 

III.—DEVONIAN SYSTEM. 

10.  Marshall Group, (Chemung,) 159 feet: 

(c)  Reddish, yellowish and greenish sandstones, 147 
feet:  Marshall, Jonesville, Hillsdale, Battle 
Creek, Holland, Pt. aux Barques. 
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(b)  Shaly micaceous sandstone, 10 feet:  Jonesville, 
&c. 

(a)  Conglomerate, 2 ft.:  Grindstone Quarries, Pt. 
aux Barques. 

9.  Huron Group, (Portage), 224 feet: 

(d)  Fine bluish gritstones, 14 feet:  Pt aux Barques. 
(c)  Shales, limestones and flagstones, 18 feet.  The 

Kidney Iron clays of Branch county are 
supposed to belong here.  Shore of Lake 
Huron, below Pt aux Barques;  Branch, 
Calhoun, Kalamazoo and Lenawee counties. 

(b)  Green shale, 10 feet:  Grand Traverse Bay. 
(a)  Black bituminous shale, 20 feet:  Sulphur Island, 

Squaw Pt., Grand Traverse Bay. 

8.  Hamilton Group, 55 feet: 

(c)  Crystalline limestone, with included lenticular 
clayey masses, 23 feet: Partridge Pt., Little 
Traverse Bay. 

(b)  Argillaceous limestones, eminently fossiliferous, 
with alternating shales, 11 ft.:  Partridge Pt., 
Little Traverse Bay. 

(a)  Black bituminous limestone, 15 feet:  Carter’s 
quarry, near Alpena; Thunder Bay Island, Little 
Traverse Bay. 

7.  Upper Helderberg Group, 354 feet: 

(e)  Brown, bituminous limestone, 75 feet:  Monroe, 
Presque Isle and Emmet counties. 

(d)  Arenaceous limestone, 4 feet: Monroe county, 
Crawford’s quarry. 

(c)  Oolitic limestone, 25 feet:  Bedford, Raisinville, 
&c., Monroe county; Mackinac. 

(b)  Brecciated limestone, 250 feet:  Stony Pt., Pt. 
aux Peaux, Mackinac and vicinity. 

(a)  Conglomerate, cherty, and sometimes 
agatiferous, 3 feet:  Mackinac, Sitting Rabbit. 

II.—UPPER SILURIAN SYSTEM. 

6.  Onondaga Salt Group, 37 feet: 

(d)  Chocolate colored limestone, 10 feet:  Monroe 
county, Mackinac. 

(c)  Calcareous clay, 3 feet:  Bois Blanc. 
(b)  Fine, ash colored, argillaceous limestone, with 

acicular crystals, 14 feet:  Monroe county, at 
Montgomery quarry, Ida; Otter Creek and 
Plumb Creek quarries; Mackinac; Round and 
Bois Blanc islands. 

(a)  Variegated, gypseous marls, with imbedded 
masses of gypsum, 10 feet:  St. Martin’s 
islands; Little Pt au Chene. 

5.  Niagara Group, 97 feet: 

(g)  Thin-bedded brown limestone, 6 feet:  south side 
Drummond’s Island. 

(f)  White, massive, crystalline limestone, 20 feet: 
south and southeast, sides Drummond’s 
Island; coast west of Detour. 

(e)  Rough, vesicular limestone, 6 feet:  east end of 
Drummond’s Island. 

(d)  Limestone, in thin broken layers, 8 feet:  Ibid. 
(c)  Limestone, geodiferous, rough, crystalline, 45 

feet:  Ibid. 
(b)  Limestone, hard, gray, crystalline, 7 feet:  Ibid. 
(a)  Arenaceous limestone, 5 feet:  Ibid. 

4.  Clinton Group, 51 feet: 

(c)  Argillo-calcareous limestone, very light colored, 
and evenly bedded, 14 ft:  E. and W. ends of 
Drummond’s Island. 

(b)  Argillo-calcareous limestone, dark, containing 
geodes and gashes, 3 feet: N. E. side 
Drummond’s Island. 

(a)  Alternations of argillaceous, bituminous and 
calcareous limestones, 34 feet:  Ibid. 

I.—LOWER SILURIAN SYSTEM. 

3.  Hudson River Group, (observed,) 18 feet: 

Argillaceous limestone, filled with fossils in the 
upper part, 15 feet:  N. side Drummond’s 
Island. 

Bluish-gray subcrystalline limestone, (observed,) 
3 feet 

2.  Trenton Group, 32 feet: 

(e)  Dark blue, subcrystalline limestone, with 3 feet of 
dark-green areno-calcareous shale above, 1 
feet; North side Drummond’s and St. Joseph’s 
Islands. 

(d)  Dull-gray limestone, hard, silicious, 2 feet.  Ibid. 
(c)  Blue, argillaceous limestone, 9 feet:  Ibid. 
(b)  Limestone, dark, bluish-gray, with partings of 

green shale, 12 feet:  Ibid. 
(a)  Limestone, gray, silicious, resting on quartz, 2 

feet:  Sulphur Island, north of Drummond’s. 

1.  Lake Superior Sandstone, (Potsdam), at the Sault, 18 
feet. 

Total observed thickness of the Palæozoic rocks, 1,725 
feet.  Actual thickness probably 2,500 feet. 

CHAPTER V. 
Tables of deep borings in the State, with an 

exhibition of their Geology. 
References have frequently been made to borings that 
have been executed in our State, in search of salt, coal 
or other valuable products; and isolated facts, obtained 
by such borings, have, in many instances, been 
incorporated into the preceding chapters.  In the present 
chapter, I present connected and complete statements 
of the kind of rocks passed through, in most of the deep 
borings of our State.  It has not been thought best to 
present these records in all their details; I have, 
therefore, greatly condensed them, taking care, 
however, to mention every important change in the 
strata.  The first column in all the tables shows the depth 
of the well at the upper part of the stratum named in the 



last column.  The second column shows the thickness of 
the stratum.  When the several strata which constitute a 
formation or group, are passed, a line is drawn across 
the second column, and the total thickness of the 
formation or group is entered opposite, in the third 
column.  The table at the end is a summary of the whole. 

I.—ARTESIAN WELL AT DETROIT. 

[“During the years 1829-30, the Hydraulic Company, with 
a view of supplying this city with spring water, 
commenced and completed, (although without gaining 
the object intended,) an artesian well, near that point 
where Wayne Street intersects Fort Street.  This point is 
elevated 36 feet above the level of the surface of Detroit 
river.  The work was conducted under the direction of A. 
E. Hathon.  In the North-western Journal for April 21, 
1830, an article was published from the pen of that 
gentleman, of which the following is an abstract of the 
strata and depth, in the words of the article to which 
allusion is made:”—Dr. Houghton’s Notes.] 

 

II.—STATE SALT WELL, GRAND RAPIDS.  Sec. 3, T. 6 N., 
12 W. Condensed from the records kept under Dr. 
Houghton’s directions.  Bored in 1841-2. 

 

III.—LYON’S SALT WELL, GRAND RAPIDS, near Bridge St. 
Bridge, commenced January, 1840, and finished Dec. 
25th, 1842, condensed from records kept under the 
direction of Hon. Lucius Lyon. 

 

IV—SCRIBNER’S SAM WELL, NEAR THE RAILROAD DEPOT, 
GRAND RAPIDS.  Bored in 1859-60.  Notes furnished by 
James Scribner, Esq. 
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V.—POWERS AND MARTIN’S SALT WELL.  Grand Rapids, 
half mile N. W. from Scribner’s Well.  Samples of the 
borings were furnished for examination by Mr. A. O. 
Currier. 

 

VI.—Butterworth’s Salt Well, Grand Rapids, at his 
Foundry.  Notes furnished by R. E. Butterworth, Esq.  
Bored in 1860. 

 

VII.—SALT WELL OF INDIAN MILL CREEK SALT CO.  Grand 
Rapids, 25 rods N. of Powers and Martin’s. Bored in 
1860.  Notes furnished by Ball, Clay & Co. 

 

VIII.—J. W. WINDSOR’S SALT WELL NEAR GRAND RAPIDS.  
Locality—fraction No. 1, Sec. 12, T. 1 N., 12 W, Notes 
furnished by Mr. Windsor’s Superintendent of 
operations. Well bored in 1860. 
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IX.—DEEP BORING FOR COAL.  S. W. ¼ N. W. ¼ Sec. 36, 
Sandstone, Jackson county.  Notes made mostly from 
samples preserved by John Holcroft, Esq.  Greatly 
condensed. 

XI.—EAST SAGINAW SALT CO.’S WELLS.  About ¾ mile 
north east from the center of town, on the river, nearly 
opposite Carrolton.  Condensed from records kept by G. 
A. Lathrop, M. D.  Bored in 1859-60. 

 

 

X.—HUBBARD’S ARTESIAN WELL, JACKSON.  Notes 
furnished by William Walker. 
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CHAPTER VI. 
ECONOMICAL GEOLOGY. 

It is undoubtedly contemplated, that in the presentation 
of a final report upon our geology, prominence shall be 
given to the economical materials furnished by the 
earth’s crust, embracing an explanation of the principles 
concerned in searching for them, plain practical rules of 
procedure, the best methods of extracting, purifying and 
preparing them, and the uses to which they may be 
applied. 

In the preceding descriptions of our formations, I have, in 
many cases, made allusion to the uses to which the 
various rocks and mineral products of the Lower 
Peninsula seem to be well adapted; and as a general 
statement, I do not deem it best to do anything more 
than this in the present report.  In regard to the leading 
mineral interests of the Lower Peninsula, however, it 
may be expected that I should furnish, even in a report 
of progress, a greater amount of data for the practical 
guidance of those interested.  For the purpose of 
presenting a view of the variety of our mineral resources, 
I subjoin the following table: 

CLASSIFIED LIST of Products of the Economic Geology 
of the State of Michigan, and of subjects connected with 
their description. 

I.  METALLIC ORES. 

1.  Ores of Iron. 
a.  Iron Pyrites. 
b.  Mispickel. 
c.  Magnetite. 
d.  Hæmatite. 

Specular. 
Micaceous. 
Red. 
Red Ocher. 
Red Chalk. 
Jaspery Clay Iron. 
Clay Iron Stone. 
Lenticular Iron Ore. 

e.  Limonite. 
Brown Hæmatite. 
Yellow Ocher. 
Yellow Clay Iron Stone. 
Bog Iron Ore. 

f.  Spathic Iron Ore. 
g.  Manufactured Iron. 
h.  Associated Minerals. 

2.  Copper and its Ores. 
a.  Native Copper. 
b.  Copper Pyrites. 
c.  Erubescite. 
d.  Gray Copper Ore. 
e.  Chrysocolla. 
f.  Copper in process of 
Manufacture. 
g.  Associated Minerals. 

3.  Silver and its associates. 
4.  Lead and its Associates. 
5.  Other Metallic Ores. 
6.  Fluxes used in the reduction of 
Ores. 

II.  COAL. 

1.  Bituminous Coals. 
2.  Cannel Coals. 
3.  Associates of Coal. 

4.  Cokes. 
5.  Gas. 

III.  BUILDING STONES. 

1.  Syenite and Granite. 
2.  Sandstones. 
3.  Limestones. 

4.  Gypsum. 
5.  Marble. 

IV.  MATERIALS FOR CEMENTS. 

1.  Quicklime. 
2.  Waterlime. 

3.  Gypsum. 

V.  MATERIALS FOR ORNAMENTAL PURPOSES. 

1.  Gypsum. 
2.  Marble. 

3.  Chrysocolla. 
4.  Agate, &c. 

VI.  MATERIALS FOR PAINTS. 

1.  Ocher. 
2.  Manganese. 

3.  Ferruginous shales. 

VII.  GYPSUM. 

1.  As a fertilizer. 
2.  As a cement. 

3.  For architectural purposes. 
4.  For ornamental purposes. 

VIII.  SALT. 

1.  Geological relations. 
2.  Brine. 
3.  Salt. 

4.  Sections of Borings. 
5.  Statistics and Calculations. 

IX.  CLAYS. 

1.  For Fire-bricks. 
2.  For common Bricks, Tiles, &c. 

3.  For Pottery. 
4.  For Pipes. 

X.  SAND AND GRAVEL. 

1.  For Mortar. 
2.  For Glass. 
3.  For Moulding. 

4.  For Bricks and Walls. 
5.  Stationer’s Sand. 

XI.  GRITSTONES. 

1.  Materials for Grindstones. 
2.  Materials for Whetstones. 

3.  Materials for Hones and 
Oilstones. 

XII.  LITHOGRAPHIC STONES. 

XIII.  MATERIALS FOR ROADS AND WALKS. 

XIV.  SOILS. 

XV.  MATERIALS FOR IMPROVING THE SOIL. 

1.  Gypsum. 
2.  Marl. 
3.  Peat. 

4.  Brine. 
5.  Sand. 
6.  Clay. 

XVI.  WELLS AND SPRINGS. 

1.  Common Wells and Springs. 
2.  Artesian Wells. 

3.  Mineral Waters. 

Most of the materials embraced in the above 
enumeration-are of the very best quality, and when the 
union of capital and intelligence shall have brought our 
resources to such a degree of development as they 
admit, Michigan will be seen to stand among the leading 
States in point of mineral wealth. 

COAL. 

Many facts have already been stated which have a direct 
economical bearing upon the search for coal.  A few 
suggestions may here be added: 

1.  The occurrence of fragments of coal in the soil, or in 
excavations for wells, does not prove the existence of a 
coal seam within many miles, as the outcropping edges 
of all the rocks have been broken up, and the fragments 
distributed toward the south. 

2.  In the examination of loose fragments, it may be 
remembered that the nearer we approach the outcrop of 
the solid seam, the more abundant the fragments 
become, especially the finer ones, while at the same 
time they are less equally distributed through the soil. 

3.  The occurrence of an extensive nest of fragments 
may result from the destruction of a former small outlier 



of the coal basin, and may be detached many miles from 
the principal seam. 

4.  When an outcrop is actually found, it will frequently 
be seen to dip away from the coal basin, as if bent down 
at the margin.  The miner should not be misled by this 
peripheral dip. 

5.  Such seam will be found, generally, thinner than at 
points nearer the center of the basin. 

6.  The coal will be found much changed and 
deteriorated by the action of the elements.  The quality 
will be found to be improved at increased distances from 
the surface. 

7.  The structure of our measures is such that it is 
useless to dig or bore anywhere to a greater depth than 
thirty feet below any seam of coal two feet thick.  All the 
rest, if any, will be embraced within that distance. 

8.  It should be remembered that there are black shales 
below the coal as will as above. 

9.  It should also be remembered that the overlying 
(Woodville) sandstone is not easily distinguished from 
the underlying (Parma) sandstone, while these two 
sandstones are essentially distinct—sometimes 123 feet 
apart, and sometimes, on the borders of the coal basin, 
only 15 feet apart. 

10.  At any point favorably situated in other respects, 
lying a few miles within the circuit which has been traced 
out, productive coal seams may be confidently sought 
for. 

11.  The great practical difficulty in working them will be 
found in their situation below the general level of the 
surrounding surface, so that the shafts and drifts will 
contain water.  By using good judgment, however, 
locations can be selected sufficiently high to obviate any 
serious annoyances from this source. 

12.  Care must be exercised against being misled by the 
black bituminous shales of the northern part of the 
peninsula.  They burn freely, and closely resemble the 
coal shales; but they lie five hundred feet below any 
seam of coal. 

The qualities of our coals have not yet been scientifically 
tested.  It should be done.  The following, the only 
chemical analysis in my possession, is said to have 
been procured in New York, by Mr. Hayden, of Jackson, 
upon a specimen of cannel coal, from the shaft of the 
Jackson City Co.: 

 

Of the bituminous coals, several qualities may be easily 
distinguished by inspection.  Some samples, too 
carelessly quarried, retain a considerable quantity of 
pyrites, which, on heating, gives off its sulphur, which 
becomes an annoyance in domestic use, and a positive 
detriment for mechanical purposes.  Other samples, 
taken at points near the outcrop, possess little solidity, 
and present, to some extent, the appearance of mineral 
charcoal.  These samples, besides their- liability to 
contain sulphur, possess little durability in combustion, 
and but low heat-producing properties.  Still other 
samples, taken from the mere solid portions of the seam, 
present a degree of lustre, hardness, homogeneity and 
purity, which entitle them to a place in the very first rank 
of bituminous coals.  It is evident that our coals ought to 
be judged from the character of these deeper-seated 
portions of the seam. 

Coal has been mined at several points in the vicinity of 
Jackson.  At Woodville and Barry, the work has been 
prosecuted with great energy and perseverance.  At the 
latter place, drift have been carried in from the outcrop.  I 
am informed by Mr. Penny, one of the Directors of the 
company, that they are now taking out about five 
hundred tons of coal per month, and that it sells readily 
at the following prices: 

 
This coal is said to burn very freely in stoves and grates, 
and to be free from “clinker.”  The “Nut Coal” and 
“screenings” are excellent for making steam, and are 
used quite extensively by blacksmiths.  The gas-
producing properties of the coal are good.  According to 
a, certificate of John Murray, Superintendent of the 
Jackson City Gas Co., an extract, taken at random from 
the Register of the works, proves this coal to produce, 
on an average, 3.83 cubic feet of gas per pound of coal; 
and as the records were kept while the retorts were in a 
leaky condition, Mr. Loomis, one of the Directors of the 
Gas Company, certifies that the real production of gas 
was not less than 4.20 cubic feet per pound of coal.  The 
gas is very rich—a fact of as much importance as the 
quantity produced—having from 25 to 50 per cent, more 
illuminating power than that made from “Willow Bank,” 
and some other Ohio coals.  The quantity of lime 
necessary for purifying the gas, is about two bushels per 
ton of coal.  The yield of coke is said to be about forty 
bushels per ton of coal, and is of a good quality.  With 
proper ovens, it can be coked to advantage. 

According to information from P. E. Demill, Esq., 
Superintendent of the Detroit Gas Light Co, 6850 lbs. of 
coal “from Jackson Co.” produced 29,400 cubic feet of 
good illuminating gas, showing a yield of 4.29 feet to the 
pound of coal.  He also obtained from the same quantity 
thirty bushels of coke,* weighing twenty-nine lbs. to the 
bushel, the standard weight being thirty-two lbs. to the 
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bushel.  This experiment was made in 1857, at a time 
when the quality of the coal taken out would be likely to 
yield a lighter coke than the coal at present obtained. 

At Woodville, a shaft was sunk about 90 feet, and 
chambers have been excavated in various directions 
from the bottom of the shaft.  A large quantity of coal has 
already been taken out. 
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*I cannot avoid thinking Mr. Demill means to say thirty bushels per ton 
of coal used.  Mr. Holcroft certifies that he gets forty bushels per ton.  It 
may be added that thirty to forty bushels per ton of coal is the usual 
yield of coke from the English gas-producing coals (Clegg on Coal 
Gas, p. 121, &c.)  The amount of coke is inversely as the amount of 
gas. 

The Woodville mine was first opened in 1857.  It proved, 
on working, to be located within a small basin about 500 
feet in diameter, the rise of the coal to the outer edge 
being about eleven feet.  Within this basin the coal is 
intersected by numerous faults, which cause a 
deterioration of its quality for several feet on each side.  
On extending the working of the mine, however, beyond 
the rim of the basin, the seam of coal is found to have 
greater regularity, compactness and purity.  In 
consequence of the peculiar locality of the mine, the 
company have been obliged to deliver a grade of coal 
somewhat impure, but the present workings are bringing 
out an article of improved quality. 

The coal of this mine is used with success both for 
domestic and steam purposes.  It ignites freely in an 
open grate, emits a cheerful flame, and produces as 
much heat as any other bituminous coal.  It is used for 
heating the Insane Asylum at Kalamazoo.  It is also 
declared to be a superior article for generating steam.  
The screenings and refuse are used for engine fuel at 
the mine, and are taken by blacksmiths for their use to 
the distance of twenty miles north and south of the 
railroad. 

This coal makes a good coke for locomotives, malt 
houses, &c, but for want of facilities for making it in large 
quantities, the Coke has not yet been tested in furnaces 
for the manufacture of iron.  There can be no doubt that 
for gas purposes this coal would be found similar to the 
Stevens’ Ridge coal. 

I am under obligations to John Holcroft, Esq., for 
particular information respecting this locality. 

Mr. Alexander McArthur has taken large quantities of 
surface coal from an outcrop near Corunna.  This coal 
has long been in request for blacksmithing purposes.  
Recently Messrs. Frazer and Stanton have sunk a shaft 
at a point where the coal lies several fort from the 
surface, and below the thinned prolongation of the 
Woodville sandstone.  Accounts state that they are now 
daily sending several tons to the Detroit market. 

The gas producing properties of the Corunna coal were 
also tested by the Detroit Gas Light Company, in 1851; 
bat as any coal taken out at that time, necessarily came 
from the immediate outcrop of the seam, the result of the 
trial would throw no light on the permanent qualities of 
the seam. 

It is obvious that Michigan has a very great interest in 
the development of this resource.  Her forests are rapidly 
receding before the axe, and the demand for coal is 
yearly increasing.  The amount of coal introduced into 
Detroit from Cleveland and Erie during the present year 
is stated to be about 26,000 tons; and this has not 
equaled the demand.  The consumption, nevertheless, in 
consequence of the supply held over from last year, has 
been 33⅓ per cent, greater than for 1859.  This amount, 
at $5 per ton, gives $130,000 as our annual tribute to the 
coal mines of Ohio and Pennsylvania, through the 
Detroit market alone. 

MATERIALS FOR PAINTS. 

Ochre beds are found in Jackson county, embraced in 
the Woodville Sandstone. 

At several localities, ochreous deposites from springs, 
have been found existing in such quantity as to justify 
attempts at establishing a business.  The N. E. ¼ of Sec. 
21, Sharon, Washtenaw county, on the land of J. 
Townsend, is one productive locality.  The deposite 
covers about 16 square rods, and is seven feet deep.  
Another deposite covers three acres. 

An extensive deposite of a black substance, supposed to 
be oxyd of manganese, occurs on the same farm, at the 
depth of two feet beneath a bed of peat.  It is 14 inches 
thick, and covers an area of two or three acres.  Mr. L. 
D. Gale, of Grass Lake, has used this paint quite 
extensively on carriages. 

Ferruginous and chocolate colored shales occur at 
numerous localities in the coal measures, and might 
undoubtedly be made to afford a good mineral paint.  A 
paint of this kind has been used for outside work at 
Lansing, and has stood well for two years. 

GYPSUM. 

So much has already been said of the geographical and 
geological position of the gypsum of our State, that I only 
add a few memoranda.  The following analyses were 
performed, at my request, by Prof. L. R. Fisk, of the 
Agricultural College: 

 
The above statement does not exhibit at a glance, the 
comparative purity of the two products; we therefore 
calculate the following further results: 



 
It thus appears that the sample of Grand Rapids gypsum 
analyzed, contained only 1.5957 parts in 100, of 
impurities, and the Ohio gypsum only 3.0572.  Of these 
impurities, however, the sulphuric acid, potash and soda, 
are at least equally valuable with pure gypsum.  These 
ingredients amount to .6816 in the Grand Rapids 
sample, and 1.1026 in the Ohio sample, leaving for the 
residual, worthless constituents of the former .9141 per 
cent, and of the latter 1.9546 per cent. 

The following analysis is said to have been made by Dr. 
S. P. Duffield, of Detroit: 

 
Here, on the contrary, the Ohio gypsum contains the 
most sulphuric acid.  It appears, however, that the 
quantity stated for the Grand Rapids sample, is not 
sufficient to neutralize the lime by 2.23. 

By unfair selection of samples, such analyses may be 
made to show anything.  The gypsum as it finds its way 
to the market is a mixture of different grades.  The only 
true test would be an analysis of average samples taken 
direct from the market, not picked for the occasion.  The 
samples sent Prof. Fisk were nearly the best of each.  It 
is but justice to say, however, that a large proportion of 
the Grand Rapids gypsum, is equally fine with the 
specimen analyzed. 

I have been unable to ascertain the extent of the plaster 
business at Grand Rapids during the past year.  While 
this report is passing through the press, I am furnished 
by Mr. Freeman Godfrey with some interesting facts 
relative to the operations of a new company, and I desire 
to stimulate other companies to a greater attention to 
their true interests, by making the following brief mention 
of the “Florence Plaster Mills,” near Grand Rapids. 

Last October Mr. Godfrey purchased 103 acres of land 
upon Plaster Creek, upon the south side of Grand River, 
and at once began extensive preparations for the 
quarrying and grinding of gypsum.  At present the mill 
which has been erected is turning out 40 tons of ground 
plaster per day, and Mr. Godfrey intends putting in 
another run of stone next summer, and erecting a 
building for the manufacture of stucco.  The quarry is 
situated in close proximity to the mill.  The plaster is 
reached by stripping, 15,000 cubic yards having been 

already excavated, and 1,200 tons of plaster taken out 
from a bed 12 feet thick.  At the present time from 60 to 
100 tons are quarried per day. 

The amounts of gypsum received at Detroit during the 
past year are as follows: 

 
Unless gypsum should be discovered in Monroe county, 
the region along the Southern railroad will continue to be 
supplied from Ohio; but the greater portion of the State 
will soon be supplied with gypsum of our own 
production. 

SALT. 

The manufacture of salt is rapidly assuming a great 
degree of importance to our State.  If the geological 
indications on which I found my opinions are not 
fallacious, we have the most magnificent saliferous basin 
upon the continent, east of the Mississippi.  As might be 
expected, too, the strength of the brine is proportioned to 
the extent of the basin. 

I omit any historical notices of the rise and development 
of this interest from the time when the State commenced 
legislating on this subject, in 1836, down to the present.  
Many of the disappointments heretofore experienced, 
might have been avoided by an observance of such 
practical suggestions as are subjoined: 

1.  The occurrence of a salt spring is a fact of no 
consequence whatever, except in connection with all the 
other geological facts. 

2.  Brine is found issuing at the outcrops of the coal 
measures, the Gypseous Group, the Napoleon Group, 
the Marshall Group and the Onondaga Salt Group.  In 
Ohio, it also issues from the Coal Conglomerate, the 
Hamilton Group and the Hudson River Group. 

3.  Only two of these groups will be found, in our State, 
to produce brine of sufficient strength for manufacturing 
purposes; and at present only the Gypseous Group is 
known to do this. 

4.  Before deciding on the indications of a salt spring, 
therefore, it is necessary to know from what geological 
formation it issues.  Here the elaborate investigation of 
the order and distribution of our strata, finds one of its 
applications. 

5.  Before the origin of the brine can be known, we must 
ascertain whether it flows out horizontally at an outcrop, 
or rises vertically through fissures in strata overlying the 
salt rock.  A fundamental mistake, committed in the early 
explorations for salt, grew out of the assumption that the 
brine of our springs generally rises through fissures, and 
may be sought by boring in the vicinity of the springs. 

6.  Most of our springs issue at outcrops of saliferous 
strata; so that the moment we begin to bore in such 
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situations, we find ourselves beneath the source of the 
salt. 

7.  The source of the salt must be sought by traveling 
from the spring toward the center of the basin, when, by 
boring down, the brine may be expected in increased 
strength and quantity. 

8.  Our saliferous basin extends from Grand Rapids to 
Sanilac county, and an unknown distance toward the 
north.  Within this basin, the area covered by the Coal 
Measures may be taken as the area underlain by 
saliferous strata of maximum productiveness. 

A great deal of enterprise has been manifested in the 
establishment of the salt manufacture at Grand Rapids, 
and a fair, degree of success may yet be anticipated.  
This location is, however, within three or, four miles of 
the outcrop of the saliferous strata, and I have all along 
thought and stated that the prospects were less 
encouraging than they would be farther within the basin.  
The salt bearing strata lie here about 200 feet from the 
surface; but those who have been engaged in this 
enterprise have been loth to shake off the old illusion 
that the great reservoir of the salt lies at the depth of six 
or eight hundred feet.  They have, therefore, in nearly 
every case, persisted in going down after the “lower salt 
rock.”  So far as I know, the uniform result has been a 
failure; though these explorations have added much to 
our knowledge of the geology of the State.  It will be 
understood, nevertheless, that by boring sufficiently 
deep, the Onondaga salt group would be reached, and 
strong brine might rise to the surface.  This formation lies 
about 350 feet below the bottom of Lyon’s well. 

A company whose efforts were guided by James 
Scribner, Esq., engaged in the first practical attempt to 
resuscitate the salt manufacture at Grand Rapids.  A 
well was commenced Aug. 12th, 1859, and finished Oct. 
14th, being 257 feet deep, and extending 56 feet into the 
Napoleon group.  The well at this time was discharging 
about 200 gallons of water per minute, of such strength 
that, according to Mr. Scribner, 224 gallons would 
produce a bushel of salt.  A sample of the brine taken at 
this time was analysed by Prof. Fisk, with the following 
result: 

 
The above amount of solid constituents, if all salt, would 
require 290 gallons to the bushel.  The actual per 

centage of salt found, would require 392 gallons to the 
bushel.  The impurities are about 26 per cent of the solid 
constituents.  Mr. Scribner subsequently passed a tube 
to the bottom of the well, so as to eliminate the fresh 
water, and by this means, obtained a brine of 
considerably greater strength.  In February of this year, I 
found it standing 5° Beaume, (20° Salometer,) at the 
temperature of 50° Fah. 

In the meantime, borings had been undertaken by the 
Grand River Salt Co, (Powers, Martin and Leonard,) and 
by Mr. R. E. Butterworth.  The former, on the west side 
of the river, nearly opposite Scribner’s, at the depth of 
140 feet, found themselves in possession of brine which 
stood at 100° of the Salometer.  This, however, did not 
rise to the surface, and the supply was found to be 
limited.  According to information received from Mr. 
Martin Metcalf, the phenomena presented by this well 
are as follows: 

“When we first put in the pump, only about two quarts 
per minute were furnished, ranging 80° to 100°.  Now, 
we can pump one gallon in 16 seconds, for 2½ minutes, 
before we feel a tendency to vacuum; after which we get 
1 40-100 gallons per minute.  Now, if we let the well rest 
five minutes, we can again pump one gallon every 16 
seconds, for 2½ minutes, as before, when we find a 
vacuum creating; and afterwards, if the pumping is 
continued, we can obtain for half an hour, at least, 1 40-
100 gallons per minute.  I am told that 1½ gallons per 
minute have been obtained for several hours together—
in fact as long as they have continued pumping—
salometer ranging from 80° to 86°.*  These phenomena 
are probably attributable, as Mr. Metcalf suggests, to the 
existence of a cavity holding about 11½ gallons. 

Mr. Butterworth’s well attained a depth of about 500 feet.  
The flow of water from the surface was immense, being 
not less than 300 gallons per minute.  By means of an 
ingenious arrangement for stopping off the fresh water, 
Messrs. Metcalf and Butterworth found the brine, at 325 
feet, to possess a strength of 22°; and they succeeded in 
obtaining a constant flow from the top, of one gallon per 
minute, of the strength of 20°, which would require about 
131 gallons for a bushel of solid ingredients. 

During the past season, two other wells have been 
bored. 

*Letter dated March 15th, 1860. 

That of the Indian Mill Creek Co., in the immediate 
vicinity of Powers and Martin’s, was carried to a depth of 
434 feet.  At 214 feet, brine was found at 19°, in the 
gypseous group, and at 295 feet, near the bottom of this 
group, at 27°.  No increase was gained in boring the next 
139 feet. 

Mr. Windsor’s well is located three or four miles further 
north.  It has been carried to the depth of 466 feet.  The 
Strength of the brine is stated to have increased 
somewhat after entering the sandstones beneath the 
gypseous group.   At 391 feet, (in the Marshall 
sandstone,) the salometer stood 1°.  The Strength of the 
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overflow was 24°, at the rate of about 35 gallons per 
minute. 

Mr. Taylor’s well is located very near Scribner’s, but I 
have received no data relating to it. 

The manufacture of salt has commenced at Scribner’s, 
Windsor’s, and the Indian Creek wells.  Scribner erected 
a brush house, or rather two of them, 12 feet apart.  
Each house is 100 feet long, 30 feet high, and 1 feet 
wide.  The brine is first passed into a vat holding 32,000 
gallons, from which it is pumped by water power to the 
top of the brush house.  From here it falls slowly through 
six tiers of brush, resting on frames, to the bottom.  
Thence it flows again into the tank, to undergo the same 
operation.  According to Mr. Scribner, one passage 
through the brush house in favorable weather 
strengthens the brine from 26° to 37°.  During the 
process much of the iron is precipitated. 
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From the vat, the concentrated brine is conveyed to two 
vats, at the kettle house, each holding 8,000 gallons.  
Here a little lime is added.  From these vats it is 
conveyed in logs to the 50 kettles.  After boiling some 
time in the seven front kettles on each side, the brine is 
transferred to four vats, each 6 by 8 by 2 feet, where it is 
allowed to stand four hours, and precipitate a white 
substance, which is probably gypsum.  From here it is 
conveyed into the back kettles, and the evaporation 
continued.  As the salt falls down, it is skimmed into 
baskets and drained.  The article manufactured by this 
process is white and beautiful.  After standing some 
months, a slight deliquescence is perceived, but not as 
great as upon most of our commercial salt.  Experiment 
shows it to be perfectly free from gypsum; though, of 
course, rigorous analyses is requisite to fully test its 
purity.  I am not apprised of the results of experiments 
en its preservative qualities.  Two hundred and thirty 
barrels have been manufactured. 

At the Indian Creek Co.’s works the evaporation is 
conducted in large sheet-iron pans.  At Windsor’s, both 
pans and kettle are employed. 

The salt business of the Saginaw valley was 
commenced by the East Saginaw Salt Company, who 
bored a well about three-fourths of a mile north-east of 
the village on the bank of the river.  This well penetrated 
the saliferous beds between 464 and 627 feet, and 
ended at 669 feet.  The strength of the water at different 
depths was as follows:  At 70 ft., 1°; at 102 ft, 2°; at 211 
ft., 10°; at 293 ft., 14°, discharging 80 gallons pet minute 
of a temperature of 50° Fan., and rising 14 feet above 
the surface; at 487 ft, 26°; at 516 ft, 40°; at 531 ft, 44°; at 
559 ft, 60°; at 569 ft, 64°; at 606 ft, 86°, with a 
temperature of 54° Fah., and at 639 ft, 90°, or ten 
degrees short of saturation. 

A sample of this water at 64°, from the depth of 575 ft., 
was examined by Dr. Chilton, of New York, with the 
following result: 

 
A sample at 86°, from the depth of 617 ft, was examined 
by Dr. J. G. Webb, of Utica, N. Y., with results as follows: 

 
Subsequently a more detailed analysis of the brine was 
made by Dr. Webb, the results of which are given below: 

*There most be an error in this amount, as this brine standing aft 86° 
should have about 1800 grs. of solid matter to the pint. 

 
The following analysis was published by Prof. Douglass 
April 16th, 1860, said to have been performed upon 
water from the salt well of “Mr. Waldron, of Saginaw,” but 
according to Mr. Waldron, of East Saginaw, taken from 
the well of the above company: 

 
The chlorid of calcium given here is four times the 
amount found by Dr. Webb. 

In May, 1860, another and more accurate analysis of this 
brine was made by Dr. Chilton, with the following results: 

 
In 100 parts of dry solid matter, there are, 

 
The total per centage of solid matter is 22.157. 



In one wine pint there is, of solid matter, 

 
This well furnishes about 13,000 gallons of brine in 24 
hours, ranging in strength from 75° to 80° by the 
salometer.  According to Dr. H. C. Potter, 
Superintendent of the works, the brine is treated in the 
following manner:  “We get a deposit of iron in our 
settling vats, first, by putting the brine into then heated, 
(running it through a heater,) and, second, by using oil 
each 27,000 gallons a pailful of lime.  We are trying 
experiments to settle with other materials.  In the kettles 
we used alum for cleansing for a time, but recently, and 
since cold weather, we have used nothing.  The 
chlorides can only be removed by bailing out the 
residuum, after say the 5th to the 8th drawing of salt, 
when the bitter water accumulates to such an extent as 
to act on the iron of the kettle and runt the brine and the 
salt.  This course, of throwing out the bitter water, is 
adopted in Kanawha, Va., and Pomeroy, Ohio, where 
the brine resembles ours in chemical composition, and 
though an expensive one in loss of brine, seems the only 
one that is practicable.  *  *  *  The impurities remaining 
in our salt, after having been drawn from the kettles, are 
removed by drainage, being liquid almost entirely.  This 
thorough drainage is the essential point in our 
manufacture.” 

This company are engaging vigorously in the 
manufacture of salt, both by solar evaporation and by 
boiling.  They have 20 covers, 16 feet square, for solar 
evaporation, and 100 kettles for artificial heat.  They 
have produced to the date of this report about 4,500 
barrels of salt, and are making 600 to 800 barrels per 
month.  The salt is put up in extra quality of white-oak 
barrels, costing 28 cents each.  Fuel, of hard and soft 
wood mixed, costs, delivered at the works, about $1 38 
per cord. 

The quality of the salt produced is unsurpassed, either in 
chemical purity or preservative qualities.  Several of the 
most extensive fishermen upon the lake shore having 
given it a thorough trial, pronounce it “more economical, 
(in quantity required,) safer and better than the 
Onondaga line salt.”  It is equally commended by 
butchers.  For butter it has been tested both in our own 
State and in Orange county, N. Y., and pronounced not 
at all inferior to the famous Ashton salt. 

This company have sunk another well during the past 
summer, under the same roof, to the depth of 806 feet.  
Though the tubing has not been inserted, the indications 
are that a larger supply of strong brine has been 
obtained.  The only brine drawn up stands at 90°. 

Numerous other enterprises have been started along the 
Saginaw river, of which one is at Saginaw City, one at 
Carrolton, one at Portsmouth, and one at Bay City.  
According to information received from Wm. Walker, the 
strength of the brine at various depths, in the Bay City 

well, was as follows:  At 223 feet, 5°; at 229 it., 8°; at 235 
ft, 12°; at 245 ft., 14°; at 256 ft., 16°; at 270 ft., 18°; at 
273 ft., 19°; at 434 ft., 20°; at 438 ft., 42°; at 444 ft, 60°; 
at 460 ft, 10°; at 480 ft., 78°; at 480 ft, 85°; at 490 ft, 90°.  
From this point to the depth of 513 feet, it varies 
between 88° and 92°. 

At the date of the printing of this report, the following 
parties have either completed salt borings or have them 
in progress.  For the statements of outlay to Jan. 1st, 
1861, and estimates to June 1st, I rely upon an editorial 
article in the Detroit Tribune: 

I.—WELLS ON THE GRAND RIVER, (AT OR NEAR 
GRAND RAPIDS.) 

 
II.—WELLS ON THE SAGINAW RIVER. 

 
It is proposed to continue the boring in Taylor’s well, at 
Grand Rapids, until the Onondaga Salt Group is 
reached. 

The East Saginaw Co. are manufacturing 40 to 50 
barrels of salt per day, and on getting their second arch 
of kettles in operation expect to produce about 100 
barrels per day.  This “Company have received the 
diploma of the New York State Agricultural Society, and 
the prize medal from the Mechanic’s Institute of 
Chicago.” 

The Saginaw City Co. have 60 kettles on hand, and are 
proceeding with vigor. 

It cannot be denied that the prospects of the ultimate 
success of the salt manufacture in Michigan are 
exceedingly encouraging.  Aside from the unparalleled 
strength of the brine of the Saginaw valley, the position, 
surrounded by forests, which must cheapen to the last 
degree the cost of barrels and fuel, and upon the 
immediate shore of navigable waters stretching from 
Oswego to Chicago, is such as to enable us to compete 
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successfully with any other source of supply to the 
western and northwestern States. 

As to the actual cost of producing a barrel of salt at 
either of the pointy at which the manufacture has been 
commenced, I am not in possession of the data to 
enable me to speak definitely.  At Saginaw, as I am 
authentically informed, wood of mixed quality, (i. e. 
“hard” and “soft,”) can be delivered for $1 38 per cord.  
At Syracuse, experiments have shown that one cord of 
hard wood will produce, in blocks of 50 or 60 kettles, an 
average of about 53 bushels of salt.  Assuming, as is 
done at Syracuse, that two cords of hard wood are worth 
three of soft, the cost of hard wood at Saginaw should 
be $1 656.  Reckoning 53 bushels to a cord of wood, this 
would make the fuel cost at Saginaw $0 031 per bushel, 
or $0 155 per barrel of salt.  If one block of kettles is 
capable of producing but 40 barrels of salt per day, and 
the services of six men, at $1 00 per day, are required to 
attend them, the element of labor entering into the cost 
of a barrel is $0 15.  At Syracuse barrels cost 25 cents 
each, and I see no reason why they cannot be produced 
for much less than this at Saginaw.  I am informed, 
however, that the lowest bids offered are 21 cents per 
barrel.  It is admitted, however, that this is for a superior 
article.  At the works of the East Saginaw company, 
where it is stated 40 barrels per day are now 
manufactured, it is reliably announced that net more 
than $25,000 have been expended in boring two wells, 
the largest and deepest of which has not yet come into 
use.  Assuming that one half this sum has been 
expended in boring the well now in use, and that capital 
is worth 10 per cent., the annual interest on the 
investment is $1,250, or $4 166 per day, or $0 104 per 
barrel of salt produced.  Should the wear and tear of 
fixtures and apparatus amount to 5 per cent. more, this 
item would add $0 052 to the cost per barrel.  The cost 
of packing is stated to be 2½ cents per barrel at 
Syracuse, and it could not be greater at Saginaw. 

Bringing together now these various items, we find the 
coal of a barrel of sail at Saginaw to stand as follows: 

 
Aside from the cost of superintendence and incidentals, 
it does not appear how the above aggregate can be 
materially increased when the business is once fairly 
established.  At the same time it must be admitted that it 
is rather early in the history of the enterprise to venture 
upon calculations as to the ultimate minimum cost of the 
manufacture.  As an existing fact it should be borne in 
mind that, aside from the greater expense attending the 
commencement of any manufacture, and that which is 
always incident to manufacturing on a small scale, the 
chlorid of calcium which exists in considerable quantity 
in all our brines, will materially enhance the cost of 

production until some cheap method is discovered of 
eliminating it by chemical precipitation.  With whatever 
confidence, therefore, we may speak of the ultimate 
prosperity of this manufacture in our State, it should not 
be forgotten that the enterprise is still in its infancy; and, 
in view of the powerful competition arrayed against it, 
still needs the fostering care of the government to a 
liberal extent. 

Whether such liberality ought to extend to a continuance 
of the existing bounty on the manufacture of salt, 
depends upon various considerations, which the 
legislature alone will be competent to estimate as a 
whole.  In the meantime it may not be amiss to offer the 
following suggestions, derived from geological data.  I 
purposely ignore the questions whether it is morally 
honest to discontinue the bounty at the present juncture, 
and whether the State is pecuniarily able to continue any 
bounty, as these are not geological questions: 

1.  Whatever may be the state of the salt enterprise at 
Saginaw, the business is not established at any other 
point. 

2.  Though we believe strong brine may be procured 
throughout the center of the State, this belief is purely a 
geological inference.  The public interest would be vastly 
promoted by bringing this theory to the test of 
experiment. 

3.  Even supposing it certain that the Michigan Salt 
Group will prove productive throughout the center of the 
State, there is still another vast salt basin which has 
never been explored, within our limits.  This is situated 
about 800 or 900 feet below the other basin, and literally 
underlies the entire peninsula. Its margin rises to the 
surface at Mackinac on the north, Milwaukee on the 
west, Sylvania, Ohio, and Monroe county, Mich., on the 
south, and Galt, in Canada West, on the east.  It is the 
source of all the brine worked at Syracuse and vicinity, in 
the State of New York.  There are some indications that 
the great basin formed by these rocks in Michigan is also 
filled with, brine.  Suppose this to be the case.  The 
result would be that every county in the peninsula might 
become a salt producing county.  If it is not desirable to 
restrict the benefits of the establishment of this 
manufacture, the State has an interest in, stimulating the 
exploration of these lower rocks.  The offer of a bounty 
would cost the State nothing unless the attempt should 
prove successful.  If successful, the payment of the 
bounty would prove one of the best investments the 
State ever made. 

4.  Should it not, after all, appear to be good policy to 
stimulate researches by the offer of bounties, there are 
still other methods by which the spirit of enterprise now 
awakened may be seconded, unless indeed all idea of 
public encouragement to the development of our State 
resources is to be entirely abandoned.  The discovery of 
some economical means for the separation of the chlorid 
of calcium, which constitutes the principal difficulty in the 
working of our brine, is an object which ought not to be 
left to the chances of private enterprise.  The policy 
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recognized, and the experience gained in all similar 
cases in the history of the past, both advise the setting 
apart of a special sum as a proffered reward for 
successful discovery in this direction.  Such reward 
should be open to universal competition.  If success 
were not attained, no expense would accrue to the 
State.  If success were reached, millions of dollars would 
be added in a day to the wealth of our people. 

I must be pardoned for making the following further 
suggestion: 

If the State of Michigan contains a population of 
150,000, the total annual consumption of salt, estimating 
at the rate of 45 lbs. per capita, is about 602,000 
bushels, or 120,420 barrels.  During the past year the 
average price of salt delivered in Detroit has been 
about.$1 50 per barrel.  At this rate the annual 
contribution of Michigan to the business of other States 
(except the small amount paid for freight on salt carried 
in Michigan vessels) is $180,630.  Every political 
economist must recognize the desirableness of retaining 
this expenditure within our own State.  The amount 
which the State could afford to expend to effect this 
object would be the annual interest of the money of 
which the State is thus deprived of the use.  That money 
is the whole amount of the profit to the manufacturer and 
dealer until the commodity reaches our own borders. 

Having presented as extended a statement as seems 
immediately necessary, of the local details connected 
with the salt enterprise in our State, it may be useful, in 
view of the general interest felt in this new branch of 
industry, to append some general and comparative 
statements for the purposes of reference and 
comparison. 

As the addition of common salt to pure water increases 
its weight, bulk for bulk, it follows that the strength of any 
brine may be known by comparing its weight with that of 
the same bulk of pure water.  This comparative weight is 
its specific gravity.  The most exact method of 
ascertaining the specific gravity of brine is by weighing a 
given bulk of it with a delicate balance.  The most 
convenient method, however, is by means of a 
hydrometer, and this is sufficiently accurate for most 
practical purposes.  A hydrometer is an instrument 
generally made of glass, in the shape of a tube closed at 
both ends with a large bulb blown in it, and a weight 
attached at the lower end.  The tube is graduated above 
the bulb, in such a manner that when the instrument is 
placed in pure water it sinks to a mark designated 0, and 
when placed in a liquid heavier than water, it sinks to 
some mark below the first, against which is the figure 
which designates the true specific gravity of the fluid.  In 
Beaume’s hydrometer, which is the one most used for 
general purposes, the figures on the scale do not 
designate the specific gravity directly.  The scale is 
graduated from 0 to some arbitrary point which reads 
30° or 40°—the intervening space being equally, or 
nearly equally, divided, so that the specific gravity can 
only be known from it by a calculation. 

The hydrometer, however, which is most convenient for 
experiments with brine, is the one which marks 0° when 
immersed in pure water, and 100° when immersed in 
saturated brine.  This instrument is called a salometer.  
The number of degrees indicated upon the salometer, 
therefore, is the per centage of saturation possessed by 
the brine.  We may speak of 25° on the salometer or 25 
per cent, of saturation. 

It must be distinctly understood, that 25 per cent, of 
saturation does not mean that 25 per cent, of the brine is 
composed of salt.  Twenty-five per cent, of salt produces 
100 per cent. of saturation-—and this happens to be 25° 
on Beaume’s hydrometer. 

It is apparent, therefore, that the specific gravity of a 
brine, the readings of the hydrometer and salometer, 
and the per centage of salt, are all different expressions 
for the same thing, which may also be expressed by the 
number of gallons of brine required for a bushel of salt of 
56 lbs.  As it is often desirable to convert these 
expressions into each other, I have calculated the 
subjoined table which, it is believed, will be found useful, 
and sufficiently accurate. 

It must be borne in mind that the calculations are based 
upon the supposition that the brine contains no foreign 
constituents; but as all natural brines do contain varying 
amounts of foreign constituents, it follows, first, that the 
total amount of solid matter does not hear the same ratio 
to the density, as if the brine were pure; and secondly, 
that the amount of salt may be quite a different thing 
from the amount of solid constituents, which alone 
determines the density or specific gravity. 

It must also be borne in mind that brings of the same 
strength possesses different densities depending upon 
their temperature—the density rapidly diminishing as the 
temperature rises.  It is consequently necessary to 
experiment on brines at a uniform or standard 
temperature.  The ordinary standard temperature for 
hydrometrical operations is 60 degrees, Fahrenheit’s 
thermometer, but the standard temperature at the 
Onandoga salines, is 52°, that being the natural 
temperature of the brine as it issues from the well.  As 
the natural temperature of Michigan brines, obtained 
from ordinary depths, would be nearly the same, 52° 
might have been adopted as the standard in the 
following calculations.  The results, however, would not 
have been practically different from those given. 

Constants, useful for reference, a portion of which are 
deduced from the subjoined calculation, and others the 
data upon which the calculation is based: 
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Then the value of each of these quantities may be 
expressed in terms of each of the others, as shown by 
the following twenty equations:* 

 
*As the standard bushel or salt weighs 68 lbs., 6600 

 

And since one gallon or distilled water weighs 8.355 lbs., 

 

But the value of s, or the par centage of salt in the brine, may be 
expressed in terms of the specific gravity of the brine.  For, the specific 
gravity of the brine is its weight divided by the weight of the same bulk 
of water.  Making no allowance for condensation of the aggregate 
volume of the constituents, this would be 

 

In which w is the per centage of water in the brine, and 2.125 is the 
mean specific gravity of salt.  But experiment shows that some degree 
of condensation always takes place; and it seems obvious that the 
amount of this condensation must be a direct function of the per 
centage of salt in the solution.  The data at command, however, do not 
seem to be consistent with this theory nor with each other. 

According to Dr. Ure, 100 measures of tin constituents of a saturated 
solution, make a little less than 96 measurements of the brine; and this 
brine contains 25.5 per cent, of salt.  Now, as the specific gravity of this 
saturated solution is, by the same authority, 1.1962, we may calculate 

what would have been the specific gravity without condensation.  This 
would be 

 

 
But knowing the mean specific gravity of salt to be 2.126, we may also 
calculate the specific gravity of the saturated solution (without 
allowance for condensation) from the per centage of salt, by means of 
formula (2).  This gives 

 g’=1.1560 

It is evident, therefore, that Dr. Ure’s value of the condensation is too 
great, or else his per centage of salt in saturated brine is too great.  But 
that per centage is less than given by most other authorities, while by 
my own experiments upon commercial salt, it amounts to 26.596. 

Again, according to the experiments of MM. Francœur and Dulong, 
when a brine contains 10 per cent, of salt, its specific gravity is 1.0736; 
and when it contains 16 per cent., it is 1.1094.  Now if we assume 10 
for the per centage of salt in Eq. (1), we get 

 g’=1.0559, instead of 1.0735. 

If we assume 15 for the per centage of salt, 

 g’=1.0862, instead of 1.1094. 

The increased specific gravity due to condensation in the first case, is 
.0186=.186 per cent, of 10, the per centage of salt. 

In the second case, it is .0232=.155 per cent, of 16, the per centage of 
salt. 

Further, in the case of saturated brine, it is .049=.191 per cent, of 26.5, 
the per centage of salt.  The first and last values are sufficiently 
consonant, but not so the second.   The mean of the first and last is 
.188 per cent.  Assuming this 

g=g’ -|- .00186 s 

Substituting the value of g’ from Eq. (2), we might thence deduce s in 
terms of g. 

Another view may be taken of this subject.  It is evident that we may 
regard all the condensation as taking place in the salt; and the result 
will be the same if we imagine it to take place before the solution.  We 
may then proceed to calculate what value of the specific gravity of the 
salt would be requisite in order to produce, without further 
condensation, a brine of a given specific gravity, and containing a 
given per centage of salt. 

If in (2) we make g’=1.0735, w=90, s=10 and 2.125=x, we get 

 x=3.186. 

If in (2) we make g’=1.094, w=85, b=15, and put x for 2.126, we get 

 x=2.919. 



If again we make g’=1.205, w=74.6, s=25.5, 

 x=2.838. 
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These results are but little accordant; and show that the condensation 
is not proportional to the per centage of salt, or else that errors exist in 
the data.  The mean of the three values is 2.981. 

If now in Eq. (2) we substitute 2.981 for 2.125, g’ ought to become g, 
when we should have 

 

 
From these formulæ the following table has been 
calculated: 

And substituting this value of 8 in Eq. (1), 

 

It is often desirable to know G in terms of the degrees of Beaume’s 
scale.  This value may be obtained from the equation 

 

(See McCulloch, Rep. on Sugar and Hydrometers, p. 71) in which 6 
represents the degrees of Beaume’s hydrometer expressive of the 
density of the brine.  Substituting this value of g in (5), we get 

 

Since 26° Beaume, or 100° of the salometer, marks saturated brine, it 
appears that one degree of Beaume equals 3.846 of the salometer; or, 
putting S for the reading of the salometar 

 B=.26 S 

And substituting this value of B in (6), we get 

 

From which may be calculated a table giving the number of gallons of 
brine required for one bushel of salt, at every degree of the centigrade 
salometer.  Although, owing to the inconsistency or the data employed, 
the foregoing formulæ can give only approximate results, they may be 

sufficiently accurate for practical purposes; and hence a table has 
been based upon them. 

 
From this table the properties and capabilities of any 
brine may be ascertained by knowing its strength as 
shown by the salometer.  Suppose for instance the 
salometer shows 53 degrees.  The table shows at a 
glance that this corresponds to 13.18 degrees of 
Beanine’s hydrometer, a specific gravity of 1.100 and a 
percentage of 13.62; while a wine pint of the brine would 
furnish 1092 grains of solid residue, and 44.7 galIons 
would produce a bushel.  Or suppose the strength of a 
brine is expressed, as in Dr. Beck’s Report, by giving its 
specific gravity, and we wish to compare the strength as 
thus stated, with that of another brine given in degrees of 
the salometer, or the number of grains in a pint, &c.  We 
look in the column of “specific gravity” in the foregoing 
table and find the number which agrees nearest with the 
given one, then on the same horizontal line we have all 
the synonymous expressions for the same strength, and 
it is seen at once whether the brine with which we wish 
to make the comparison is stronger or weaker.  Or 
suppose, thirdly, that a laud owner desires to know the 
comparative strength of a brine spring on his premises, 
while he possesses no instrument for taking specific 
gravity.  Let him evaporate a wine pint and weigh the 
residue, or take it to the apothecary to weigh; then the 
number of grains, found in the 5th column of the table, 
will show him all the equivalent expressions. 



In making use of this table it must be remembered that it 
will prove accurate only for pure solutions of salt.  In this 
State the chlorid of calcium which exists to some extent 
in our brines will cause the table to make a showing a 
little too favorable.  As the per centage of impurities is a 
variable quantity, it was impossible to make allowance 
for them in the table.  Though we cannot therefore 
construct a table. practically accurate, it was not thought 
best to discard all attempts at a table.  As long as it is 
thought desirable to use the salometer, it seems to me to 
be a matter of convenience to have at hand the ready 
means for converting its reading into the equivalent 
expressions.  This want has been felt by myself, and I 
have no doubt many others will find the table useful. 

 
Dr. Houghton in his report of 1838, gave the results of 
analyses of 20 different brine springs from our State, two 
of which have been reproduced in the table.  Of these 
springs, three were situated upon the Tittabawassee 
river, in Midland county, seven near the Grand river, two 
near the source of navigation of Maple river, in Gratiot 
county, two near the Maple river, in Clinton county, and 
one near the Saline river, in Washtenaw county.  The 
solid constituents of these brines contained from 58 tor 
87 per cent, of pure salt, the general range being 10 to 
86 per cent.  The purest brine was found on section 24, 
T. 15 N., 1 W., Midland county, on the the Tittabawasse 
river, half a mile above the mouth of Salt river. 

The following table will also prove useful for general 
reference: 

 
The following is an approximate statement of the 
amount, of salt manufactured in the United States during 
the year 1859: 
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Receipts of salt at Detroit for two years: 
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Receipts and shipments of salt at Chicago for seven 
years: 

 
Of the shipments for 1859 and 1860, the following 
amounts were returned to Michigan: 

 
About one-third of the fine salt blocks at Onondaga, N. 
Y., are worked with coal, which is furnished from 
Pennsylvania at $3,00 per ton.  The use of coal has 
reduced the price of hard wood at the works from five 
and six dollars per cord, to $3 50.  The latter sum 
corresponds to $2 33 for “soft” wood, and $2 92 for 
“mixed” wood.  The price of*barrels is at present about 
36 cents.  The prime cost of a barrel of salt (280 lbs.) at 
Onondaga is stated to be 95½ cents.  At Kanawha it is 
87½ cents. 

The solar salt manufacture was carried on at Onondaga 
in 1858, by 28 different parties, using an aggregate of 
30,186 covers, and occupying 8,403,840 square feet, or 
nearly 193 acres of surface.  In 1860 the whole number 
of covers has increased to 36,302, occupying more than 
207 acres of surface. 

The fine salt manufacture was carried on in 1858 by 104 
separate parties, who used an aggregate of 312 blocks 
and 16,434 kettles.  No additions have been made to the 
close of 1860. 

 
About 21 per cent, of all the salt manufactured at 
Onondaga is solar salt.  This, it will be seen, requires a 
larger outlay of capital than the 79 per cent. of fine salt. 
The cost of manufacture of the coarse salt is, however, 
less, so that while one of the elements of the prime cost 
of coarse salt is greater another is less than the 
corresponding one for fine salt.* 

The total annual produce of salt in the United Kingdom, 
is 

*For nearly all my information relative to the salt manufacture at 
Onondaga, I have depended upon the Annual Reports of the 

Superintendent, for which I am indebted to Supt. V. W. Smith, and 
Prof. Geo. H. Cook. 

1,462,045 tons, which, at 2,000 lbs. per ton, amounts to 
52,215,893 bushels.  The total exports and their value 
for three years, are as follows: 

 
The principal salt producing districts in England are 
Cheshire and Worcestershire.  It is mostly manufactured 
from rock salt.  At Northwich, in the former county, the 
bed of salt is not less than 69 feet thick, a mile long, and 
1,300 yards broad. 

Salt is extensively manufactured from sea-water on the 
shores of the Mediterranean, in the south France, and 
on the western coast.  At the saline of Bene the 
evaporating surfaces cover an area of 815 English 
acres, and the annual manufacture is 20,000,000 
kilograms (2,205 lbs. each), or 181,500 bushels.  The 
saline of Baynas yields annually 20,000 tons (757,500 
bushels), 1,550 tons sulphate of soda (Glauber’s salt), 
worth 30 francs the ton, and 200 tons of chlorid 
potassium, worth 360 francs the ton. 

The total manufacture of salt, in France, in 1841, was as 
follows: 

 
This amount, reckoning 1,000 kilogrammes to the ton, is 
equal to 22,443,150 bushels, and gives occupation to 
16,650 workmen.* 

Sea water is extensively evaporated by the Biscayans, 
on the shores of Spain and Portugal.  The salines of the 
lagoons of Venice cover an area of about 1,630 English 
acres.  The salt mines of Central Europe have been 
celebrated for ages.  Those of Vieliczka and Bochnia, in 
Galicia, are well known.  They be- 

*For much valuable information on the manufacture of salt, especially 
in France, see a report “On the extraction of salt from sea-water,” by T. 
S. Hunt, in Canada Geological Report for 1856, republished in 
Silliman’s Journal, Vol. XXV [2] 361, May, 1868.  Also Report of Prof. 
Geo. H. Cook, in Superintendent’s Report of Onondaga Salt Springs, 
transmitted to the Legislature in 1868. 

long to the extensive saliferous tract lying along both 
sides of the Carpathians, and embracing the mines of 
Wallachia, Transylvania, Galicia, Upper Hungary, Upper 
Austria, Styria, Salzberg and the Tyrol. 

The total amount of salt annually produced by three of 
the leading nations of the earth, is as follows: 
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Besides the use of salt for mechanical and agricultural 
purposes, it enters largely as an article of food into the 
consumption of all classes of people; and it seems, like 
water and many other natural products, to have been 
provided with special reference to the physiological 
constitution of man.  It is equally sought by the lower 
animals, especially the Ruminantia and Pachydermata.  
Bees, even, are fond of sipping it from a state of 
solution.  Mungo Park says* that in the interior of Africa 
“the greatest of all luxuries is salt.  It would appear 
strange to a European to see a child suck a piece of rock 
salt as if it were sugar.  This, however, I have frequently 
seen; although in the inland parts, the poorer class of 
inhabitants are so very rarely indulged with this precious 
article, that to Bay a man eats salt with his victuals, is 
the same as saying he is a rich man.  I have myself 
suffered great inconvenience from the scarcity of this 
article.  The long use of vegetable food creates 90 
painful a longing for salt, that no words can sufficiently 
describe it.”  Burchell states† that he sometimes had to 
send 90 miles for a gallon of salt. 

The consumption of this article for food increases in the 
direct ratio of the average refinement of a people, or of 
the world. We can therefore see no limit to the demand.  
This, will continue to increase most rapidly in those 
regions where population and improvement are making 
most progress.  In this respect, no part of the world will 
compare with the great 

*Travels, Vol. I., p. 280. 

†Travels in S. Africa. 

Northwest.  When, in addition, it is remembered that salt 
has long been used in some countries as an improver of 
the soil, and that recent researches* have shown it to be 
well adapted for this purpose, there is no reason to fear 
that the manufacture can ever be overdone.  There are 
no evidences that the rapidly increasing supply of 
Onondaga salt has perceptibly affected the price for the 
period of 40 years. 

Such being the facts, the vast geographical extent of the 
salt basin of Michigan, together with the extraordinary 
strength of the brine, furnish strong reasons to anticipate 
that at no. distant day Michigan will be the leading salt-
producing State of the Union; and a judicious public 
policy will be shaped with reference to forwarding this 
result. 

PEAT, LIGNITE AND OTHER BITUMINOUS 
DEPOSITES. 

Allusion has been made in a former part of this report, to 
the existence of numerous deposites of Peat, scattered 
over the surface of the Lower Peninsula.  This substance 
is composed almost entirely of vegetable matter, which 
is the distinguishing characteristic of the luxuriant soils of 
the “prairie” States.  Properly commingled, therefore, 
with our warm gravelly soils, the result would be’ a union 
of the excellencies of two soils quite distinct from each 
other.  Impressed with a vague idea of the agricultural 
value of peat, the farmer has not unfrequently strewn it 

in a crude state upon his fields and been disappointed at 
the temporarily injurious effects produced.  It must be 
remembered, however, that peat is vegetable matter in a 
state of partial decomposition; and if it were not actually 
injurious in this state, it could be of no use, as plants 
assimilate only inorganic or disorganized matter.  But 
partially decomposed vegetable matter is made up to a 
great extent of various.  Vegetable acids which impart a 
sourness to the soil, and prove’ a positive injury to crops.  
Obviously, therefore, the decomposition of the peat must 
be completed before it is suitable as an application to the 
soil.  Various means are recommended for 

*Yale Agricultural Lectures, p. 181. 

this purpose by writers on scientific agriculture, but as it 
is not my intention here to enlarge upon this subject, I 
only allude to two. 

First of all, the peat or muck should be thrown out and 
left where it can be exposed to the process of alternate 
soaking and drying, and if possible also to the action of 
frost. 

Secondly, it may be mixed with lime, which, as an 
alkaline agent, will neutralize the acidity, and at the 
same time facilitate decomposition.  When thus mixed, it 
is much more promptly prepared for use.  The lime for 
this purpose has not to be quarried from a distant ledge 
and burned in a kiln.  Nature hair placed it in the form of 
marl, in immediate juxtaposition with the peat which 
needs its agency.  Indeed the farmer can in many cases 
load his cart with the mixed deposits without even 
moving his team from their tracks.  I hardly know a more 
striking adaptation of natural means for the 
accomplishment of a necessary object.  The porous 
nature of our soils suffers their soluble constituents to be 
carried away to the lower levels, where peat and marl 
are accumulating, and where the growths of ages 
unknown, have been adding a thousand fold to the 
nutritive elements brought down from the soils of the 
contiguous hill slopes.  These depositories of agricultural 
force, a good economy will not fail to appreciate and 
apply to the recuperation of declining wheat lands. 

While, however, the application of peat as a fertilizer to 
the soil is its most obvious use in a purely agricultural 
region, it cannot be said that this is its principal, or even 
its most important application.  Though in a country like 
our own, covered with primitive forests, the value of peat 
as a fuel is almost unknown, the amount consumed in 
older countries is truly enormous.  The bogs of Ireland 
are estimated to occupy 2,830,000 acres.  Two million 
acres, at an average depth of nine feet, assuming peat 
to be but one-sixth the value of coal, will furnish an 
amount of fuel equal to 470,000,000 tons of coal, worth 
thirteen hundred millions of dollars.  For the purposes of 
ordinary fuel, the raw peat is prepared by subjecting it 
between cloths, to the pressure of a powerful hydraulic 
press.  This condenses it to one-third of its original 
volume, and three-fifths of its original weight, through 
loss of moisture.  At the large peat bog near Liancourt, 
on the Northern Railway, nineteen leagues north of 
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Paris, the peat after having been thoroughly mixed and 
worked together, is moulded under great pressure into 
small bricks, which, when dried, are heavier than water.  
The moulded peat is worth in Paris 20 francs the ton of 
1,000 kilogrammes, (2,204 pounds avoirdupois.)  The 
amount raised at this bog annually is 10,000 to 12,000 
tons.  At Rheims 14,000 tons are annually produced.  A 
peat bog in the vicinity of New York city, six feet deep 
and forty acres in extent, is stated by Prof, Mather to 
have yielded a fuel which retailed for $4 50 per cord, 
realizing $4,500 per acre, a little more than a third of 
which was expenses. 

For mechanical, and not unusually for domestic 
purposes, the dried peat is first converted into a coke or 
charcoal, of which it yields from 40 to 42 per cent.  Peat 
charcoal sells in Paris for about the same price as wood 
charcoal, or 13 francs the 100 kilogrammes—the relative 
prices of wood or peat charcoal, mineral coal and wood, 
being as the numbers 13, 4½, 4¾ respectively.  This 
proportion would of course vary with the relative 
abundance of peat, wood and Mineral coal, in any 
country.  Peat coke occupies about the same space, 
weight for weight, as ordinary coke, and only half that of 
charcoal, having a specific gravity of 1.040, that of 
charcoal from hard woods averaging 0.505.  For heating 
purposes, 1 tons of peat coke are equivalent to 6 tons of 
good coal coke.  For the manufacture and working of 
iron, peat coke is pronounced decidedly superior to 
charcoal, both in consequence of its greater heating 
property and its production of a superior quality of iron.  
It is extensively employed in preference to any other fuel 
in many of the furnaces of France, Bavaria, Wurtemberg, 
Bohemia and Sweden.  For steam producing purposes, 
compressed peat has been proved at least equal to any 
other fuel.  A factitious coal is prepared from peat by the 
Dublin Steam Navigation Company, 10 cwts. of which 
generate the same steam power as 17½ cwts. of pit 
coal.  Peat is very extensively employed on the steamers 
which ply in the waters in and about Ireland, and even 
upon the river Shannon, in the midst of a coal bearing 
country.  Some of the prepared peats of France are also 
said to be economically employed for stationary steam 
engines, and even for locomotives. 

The uses to which peat has been profitably applied do 
not stop even here.  A company exists at Kilberny, in 
Ireland, having a factory in operation in which they 
produce from peat, Tar, Paraffine, Oil, Naphtha, 
Sulphate of Ammonia, and a Gas, the combustion of 
which is applied to the manufacture of Iron.  The most 
thorough and extensive manufacture of these products, 
however, seems to be effected by Messrs. Babonneau & 
Co., at Paris.  According to Mr. Armand, the skillful 
chemist of this establishment, good peat yields, on an 
average, about 40 per cent. of charcoal, 15 to 18 per 
cent. of crude oil containing paraffine, 36 per cent, of 
water containing carbonate, acetate and sulphydrate of 
ammonia, and a little wood spirit, besides 7½ per cent. 
of inflammable gases and loss.  The ammonia is equal 
to 2 per cent. of sal ammoniac.  The oil, by distillation, is 
separated into a light oil or naphtha which is burned for 

illumination, in lamps of a peculiar construction, and a 
heavy, less volatile portion which is used for lubricating 
machinery, or is mingled with fat oils for burning in 
ordinary lamps.  There is obtained besides, a portion of 
solid bitumen or pitch amounting to 4 or 5 per cent. of 
the dried peat.  The paraffine, which is dissolved in the 
oils, is separated by exposing them to cold, and is 
afterwards purified.  The yield of this product is 2 or 3 
per cent, of the peat.  When pure, it is a white, fusible 
crystalling solid, devoid of taste or smell, much 
resembling spermaceti in appearance, and like it 
employed in the manufacture of candles.  The price of 
paraffine in France is a little more than one franc per 
pound. 

The gas evolved during the distillation of peat may be 
employed, as at Kilberry, in Ireland, for the purposes of- 
heating, or it may be mixed with the gas obtained by the 
decomposition, at a high temperature, of the crude oil 
from peat.  In this way an illuminating gas is obtained 
which has three and four tenths times the illuminating 
power of coal gas, while the yield is equal to that from 
coal. 

The solid bitumen resulting from the distillation of peat 
may be employed like asphalt in the preparation of 
mastic for paving.  Even the crude peat, by being mixed 
after drying with 10 to 15 per cent, of coal tar, and boiled 
for several hours, dissolves into a viscid liquid, which, 
when cooled, is solid, and resembles asphalt.  The crude 
residues from the rectification of the oil of peat are 
burned in proper apparatus, and furnish abundance of 
lampblack. 

For the production of gunpowder, many varieties of peat 
are superior to the charcoal of dogwood and alder.* 

The reader, perhaps, will hardly deem it credible that so 
great a variety of commercial products is obtained from a 
substance be common and so little valued as the “muck” 
with which our “swamps” are filled.  As all such doubts 
arise from ignorance of the properties of peat, I present 
below a convenient synopsis of the products and uses of 
this substance: 

1.  Crude peat as a fertilizer for the soil. 
2.  Prepared peat and peat-coke as fuel. 

(a)  For domestic and ordinary heating purposes. 
(b)  For the generation of steam. 
(c)  For the manufacture and working of metals. 

3.  Peat for the manufacture of gunpowder. 
4.  Peat or bitumen from peat for paving purposes. 
5.  Crude oil for purposes of lubrication, illumination and 

gas-making. 
6.  Petroleum for burning in lamps. 
7.  Paraffine for the manufacture of candles. 
8.  Light, inflammable gas for heating. 
9.  Illuminating gas of superior quality. 
10.  Lampblack. 

The value of peat for any or all of the above purposes 
will obviously depend upon its freedom from earthly 
deposites.  In 
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*For valuable information on the subject of Peat, the reader is referred 
to “Taylor’s Statistics of Coal,” and T. S. Hunt’s Chemical Reports.  In 
the Canada Geological Reports for 1850 and 1886. 

those cases whose a bog has grown with the growth and 
decay of Sphagnum, or other bog mosses, the peat is 
often composed of almost pure vegetable matter.  In 
other cases, where the bog has been periodically 
inundated, as around the margins of some lakes and 
ponds, more or less of earthly sediment will be found 
mixed with the peaty materials.  A large proportion of our 
principal peat bogs, however, will compare favorably in 
purity with those in foreign countries, to which I have 
already alluded. 

It will of course be inferred that the bed of lignite which I 
have described as occurring on the shore of Grand 
Traverse Bay, possesses all the capabilities of ordinary 
peat.  Should the spontaneous, flow of petroleum from 
the rocks ever be materially diminished, the same 
product may be very cheaply distilled, as is done in 
foreign countries, from lignite and peat as well as from 
coal. 

Although it might be better to speak of Rock Oils or 
Petroleum under a distinct head, still the subject is here 
naturally introduced, and I proceed to append the few 
remarks which I have to offer on this subject. 

The distillation of bituminous shales and mineral 
bitumens is carried on to a great extent both in England 
and on the continent.  To this class of matters belong the 
so-called Boghead and cannel coals, as well as the 
bituminous minerals of various parts of France and 
Switzerland.  Here belongs the black bituminous shale of 
Canada West, and Thunder and Grand Traverse Bays in 
this State, which will undoubtedly prove uncommonly 
rich in bituminous matter.  Indeed, the abundant 
spontaneous distillation from shales of the same age, 
which has supplied the oil wells of Pennsylvania and 
Ohio, is an evidence that the products of artificial 
distillation would prove correspondingly rich.  These 
substances yield, in general, the same products as peat.  
The amount of paraffine, however, is said to be less, and 
the residue left from distillation is, unlike that from peat, 
comparatively worthless.  A yield of five per cent of 
bituminous matter qualifies the shales in France to be 
economically worked.  The yield of our shales has never 
been accurately ascertained, and I have no means at my 
disposal for the determination of these important 
questions. 

Shales thus bituminized have an existence in our State, 
about which there can be no question.  I have elsewhere 
expressed the hope that they will yet be found to yield a 
spontaneous flow of Petroleum, like those of neighboring 
districts.  The belt of country along which experiments 
might be made extends from Wayne county to Port 
Huron, and from Thunder to Grand Traverse Bay.  The 
geological relations and the surface indications are such, 
especially along the southern belt, that a few borings 
would be fully justified.  A few years ago, as I am 
informed by Mr. F. P. Bouteller, a boring for water was 
undertaken beneath a saw mill in the township of 

Greenfield, Wayne county.  After the drill has passed 
through a bed of bluish shale at the depth of 70 or 80 
feet, it was suddenly wrested from the hands of the 
workmen by the violent escape of a fetid gas which 
threw up water and sand to the height of several feet.  
By accident, the stream of gas was ignited, and sent a 
column of flame to the roof of the mill, which had to be 
removed.  All efforts to entinguish it proved futile for 
several hours, when the furnace pipe was placed over 
the well to guide the flame.  This, to the great relief of the 
owner, had the effect of smothering the fire.  Grateful for 
his escape, he effectually closed the door against any 
further eruption of the nether fires by promptly filling the 
hole with stones well rammed down; and has stoutly 
persisted in refusing to allow any further experiments of 
this dangerous character upon his premises.  Similar 
phenomena have been witnessed at various points 
along the shores of the St Clair river and lake. 

Inflammable gas is the product of the distillation of 
petroleum, and it is not improbable that by extending 
explorations below the horizon of the gas, the reservoir 
of oil would be reached. 

WELLS AND SPRINGS. 

The late successful boring of several artesian wells in 
the southern part of the State, has created a very 
general desire to know to what extent artesian borings 
would prove successful in other parts of the State.  
Several unsuccessful borings have been made at points 
where the work has been directed rather by empiricism 
than by any adequate knowledge of the existence of 
such a geological structure as could furnish reasonable 
grounds for the expectation of success. 

From what has already been stated of the general 
conformation of the strata underlying the Lower 
Peninsula, the accumulation and retention of vast 
reservoirs of water in these great peninsular dishes, will 
appear obvious and necessary.  Rains falling upon the 
surface percolate downwards until the water reaches an 
impervious stratum along which it flows till it reaches the 
lowest depression of that stratum, somewhere beneath 
the center of the State, and some hundreds of feet from 
the surface.  The water-bearing strata are, therefore, 
porous sandstone, immediately underlain and overlain 
by impervious strata of an argillacious or calcareous 
character.  Each porous sandstone stratum thus 
underlain and overlain throughout our whole series, 
becomes in this manner surcharged with water admitted 
at its outcrop.  It is obvious, now, that by boring down at 
any point within the circuit of the outcrop of a 
waterbearing stratum, until that stratum is pierced, the 
water will rise through the hole to a point on a level with 
the rim of the basin which holds the water.  If the place 
of boring is lower than that point, the water will rise to the 
surface and overflow; if higher, it will not. 

In consequence of the general rise of the surface of the 
peninsula from the lake shores toward the interior, the 
outcrops of the strata occur, as a general rule, at lower 



levels than the points within the basins which they form; 
and artesian wells cannot be a thing of general 
occurrence.  In the southern part of Jackson, and the 
northern part of Hillsdale counties, however, the 
sandstones of the Napoleon and Marshall Groups 
outcrop at levels considerably higher than the general 
elevation of the peninsula, and it is likely that the 
impediments to a free circulation of the water, in these 
strata, prevent it from sinking, in these elevated sections, 
to the level of the lowest portions of the basin in remote 
parts of the State.  As a consequence, artesian borings 
might prove successful throughout the southern half of 
Jackson county, and the eastern portion of Calhoun, if 
continued down to the bottom of either of these groups. 

It must not be supposed, however, that the artesian 
wells of Jackson are supplied from this source.  If I have, 
succeeded in the identification of the rooks, in that 
vicinity, these wells are supplied from the Parma 
Sandstone.  Albion is outside of the rim of this formation, 
and the wells there have to be continued down to the 
bottom of the Napoleon Sandstone.  Marshall is outside 
of the rim of this, and rests just upon the rim of the 
outcropping Marshall Group; and hence I should not 
expect that the contained waters would rise to the 
surface.  The artesian (salt) wells of Grand Rapids are 
supplied from the Napoleon Group, the water being 
salted from the group immediately above.  The wells at 
Saginaw issue from the same sandstones, and are 
salted in the same way.  In the southern part of Jackson 
and northern part of Hillsdale counties, where the 
streams have cut through these rocks, the contained 
waters rush out in extended chains of most beautiful and 
copious springs of pure water.  Adrian is located upon 
the argillaceous strata of the Huron Group, and the first 
water-bearing stratum which would be reached is 
included in the Monroe limestones, perhaps 250 feet 
below.  But the surface slopes gradually toward Lake 
Erie, so that the hydrostatic pressure would not be 
adequate to an artesian overflow.  Ann Arbor is 
supposed to He within the rim of the Marshall and 
Napoleon sandstones, but the considerable elevation of 
this place precludes all expectation of an overflow.  The 
artesian wells at Toledo do not reach the solid rock at all, 
though this has been unsuccessfully explored to a 
considerable depth.  The alluvial deposites, which are 
here of great depth, are made up of alternating sandy 
and argillaceous beds, which slope gradually toward the 
bed of the lake, and of course outcrop successively on 
the higher levels, several miles back from the lake shore.  
These, like the more solid waterbearing strata, carry the 
water from the surface along impervious floors, until it 
passes under the city, and finds its way into the artesian 
borings. 

From what has been said of the occurrence of outlying 
patches, or small detached basins of carboniferous 
rocks, and the gently undulating character of the whole 
system, it will at once be inferred that besides the great 
basins just alluded to as reservoirs of water, there must 
be numerous smaller local basins.  The indications seem 
to justify the conclusion that the wells at Jackson are 

supplied from a local basin.  It appears, therefore, that a 
reliable opinion on the prospect of success at any 
particular point involves not only a knowledge of the 
general conformation of the rocks, but also an 
acquaintance with the special geology of the region in 
question. 

In those portions of Calhoun, Jackson and Hillsdale 
counties which are situated over the outcrops of the 
Napoleon and Marshall sandstones, very many of the 
common wells terminate in these rocks, and from them 
derive their supply of water.  Nearly all the wells of the 
Lower Peninsula, however, derive their supply from the 
sands of the Drift.  The materials of the upper portion of 
this formation have been, by geological agencies, 
considerably assorted, so that beds of arenaceous 
materials alternate with beds of argillaceous materials, 
as in the underlying rocks.  There is, however, no 
general stratification of these deposites.  Every bed of 
sand is comparatively local.  No general parallelism can 
be traced among them.  The argillaceous layers of the 
drift may be compared to a pile of wooden bowls thrown 
confusedly together—the interspaces being filled with 
sand.  At one point, a well will be found to be within the 
rim of a given bowl, while at a very short distance from 
that, an excavation would prove to be outside of the 
same basin and would have to be carried perhaps to a 
much greater depth before reaching the bottom of the 
basin which underlies.  On the University grounds, wells 
are sunk 10 to 80 feet before reaching water, while at 
the Observatory, which is 42 feet higher, the water rises 
within six feet of the surface.  The latter well is obviously 
supplied from a local basin which occupies a higher 
level. 

The purity and salubrity of well and spring water, in the 
Lower Peninsula of Michigan, are generally very great.  
An analysis of the water from the well oh the north side 
of the University campus, was made by T. C. McNeill, A. 
B., of the Laboratory of Applied Chemistry, with the 
following result: 

Depth of well, 70 feet 8 inches. 

Temperature of water, 50° Fah. 

Free carbonic acid in 100 parts, .015598. 

Solid constituents: 

 
The wells of Detroit, and much of the region along the 
lake and river shore, from Toledo to St. Clair, are sunk in 
lacustrine deposites, which impart a greater per centage 
of organic and soluble matter.  The following analysis 
was made by Prof. S. H. Douglass, in 1854, for the 
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Board of Water Commissioners of the city of Detroit.  
The water was taken from a well at the residence of 
Amos T. Hall, on Woodward Avenue: 

 
The water of Detroit river at the same time contained the 
following constituents: 
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By far the most important mineral waters of the Lower 
Peninsula are those charged with chlorid of sodium.  The 
ferruginous sandstones of the lower part of the State, 
give origin, however, to numerous springs which are 
strongly chalybeate, while the bituminous rocks of the 
Huron and Upper Helderberg groups, become the 
source of strongly sulphureous waters.  No formal 
investigations have been made of any of these springs.  
The following analysis, however, by Mr. McNeill, before 
quoted, was made upon the, water of a spring issuing 
upon the land of Solomon Mann, Esq., Ann Arbor: 

Temperature, 50° Fah. 

Specific gravity, 1.001. 

Constituents of the solid matter: 

 
The quantity of iron in this water is greater than that in 
the chalybeate waters of Bath, England, and Karlsbad 
and Teplitz, in Bohemia, though the total solid 
constituents are considerably less. 

The sulphur springs of the southern portion of the State 
are exceedingly numerous, and I shall take the space in 
the present report to allude particularly to only two. 

A very remarkable spring occurs on section 22 (?), in the 
township of Erie, Monroe county.  It is situated within the 

marsh which borders the lake, about one mile from the 
lake shore and four miles south east from Vienna.  The 
spring has to be reached by boat.  It is found occupying 
a conical depression, about 200 feet in diameter and 45 
feet deep.  Some time before reaching the spot the 
sulphureous odor can be detected, when the wind is 
favorable.  At the distance of 30 rods the water of the 
bayou has a sulphuretted taste, and a whitish deposite 
can be seen on the stems of aquatic vegetation.  At the 
time of my visit the rim of the basin was 18 inches under 
water, but later in the season the water subsides, and 
the rim is converted into a fine walk around the pool.  
Under these circumstances the flow of water from the 
spring forms a stream 10 feet wide and 3 feet deep, with 
a considerable current. 

Another interesting locality is found on the south side of 
the Raisin river, nearly opposite the Raisinville lime 
quarries, in Monroe county.  Here is a chain of sulphur 
Springs on the land of Robert Talford.  On approaching 
the locality sulphuretted fames are very distinctly 
perceived.  The water boils up in very copious quantities 
at more than half a dozen points within the area of a 
quarter of an acre.  A copious, white—almost snow 
white—deposite lines the banks and bed of the stream 
which flows off from these springs.  The several rills 
uniting form a stream capable of turning a small mill, or 
perhaps discharging 1200 gallons of water per minute.  
Through a log erected in one of the springs, the water 
rises 8 or 10 feet.  In the midst of the group is a fine 
spring of sweet water. 

The evidences of sulphur here are equal to those seen 
at some of the most celebrated watering places.  It is a 
cause of astonishment that efforts have not long since 
been made to render this a place of resort for invalids 
and others.  The springs .are located in a dry, elevated 
limestone region.  The surroundings, though not 
picturesque, are diversified and agreeable.  The water is 
strong and copious. Access is comparatively easy by 
public conveyance on the plank road 8½ miles from 
Monroe. 

Three other groups of springs of equal copiousness exist 
in the immediate neighborhood, and numerous others 
are scattered throughout the county. 



CHAPTER VII. 
PHYSICAL GEOGRAPHY, TOPOGRAPHY, 

HYDROGRAPHY, METEOROLOGY. 
It becomes necessary in the present hasty report, to omit 
all reference to these subjects except what is embraced 
in the following table, which is partially reproduced from 
Higgins’ Report, as Topographer to the Geological 
Survey, (Rep. 1839, p. 64,) partly from Foster and 
Whitney’s Report on the Lake Superior Land District, 
Part I, pp. 18, 38 et seq, and is otherwise compiled from 
original observations, and other unpublished data: 
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