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LETTER OF TRANSMITTAL

To the Honorable, the Dircctor, and the Board of Commissioners of the
Department of Conservation of the State of Michigan:

Hon. George R. Hogarth, Director

Hon. William H. Loutit, Chairman

Hon. Harold Titus

Hon. Philip Schumacher

Hon. Harry H. Whiteley

Hon. George C. Fowler

Hon. M. J. Fox

Hon. Philip K. Fletcher

Hon. Ray E. Cotton, Secretary
Gentlemen:

I have the honor to present herewith a report of monographic propor-
tions on the Oil and Gas Fields of Michigan by Dr. Robert B. Newcombe,
Petroleum Geologist of the Geological Survey staff, with the recommenda-
tion that it be printed and bound as Publication 38, Geological Series 32,

. ‘ of the Geological Survey Division, Department of Conservation. This
CO?IJY;;I('}]:HHC;E 108 report was conceived with the discovery of the Muskegon field late in
STATE OF MICHIGAN, 1927 and has been in preparation since the beginning of 1931. It is

DEPARTMENT OF CONSERVATION. largely a subsurface study of the stratigraphical and structural geology

of the State from well records of all kinds, including logs, cuttings, and
cores, and will supplement previous publications 14 and 37, now out of
rint.

P Much time was spent in the Muskegon and Mount Pleasant districts,
as well as in scattered sections of the State where “wildcat” drilling
operations were in progress. Nearly all of the important tests were
visited and the report includes much technical and statistical matter
with respect to the oil and gas industry of the State. Since 1926 Michi-
gan has risen as an oil producing State until in 1932 it ranked above
all the eastern states except Pennsylvania. This is largely due to in-
creased knowledge of its structural geology, which led directly to the
discovery and development of the Central Michigan pools.

This geological knowledge is the basis for directing the search for new
oil and gas pools, and is embodied in the comprehensive report following,
From known facts arise new theories, which if essentially correct and
workable, are valuable guides in prospecting relatively unknown areas.
The general distribution and major geological structure of the rocks in
the State and certain conceptions of the origin and growth of the so-
called Michigan Basin are presented in the first part of the report. In
the second part a fuller description of the different proved structures
and of the known oil and gas fields is given, together with the economic
and technical aspects of their development. The report is concluded
with a brief outline of the results of drilling operations outside the
known fields in the less explored counties.

As an oil producing State, Michigan is relatively young, but up to the

FRANKLIN DEKLEINE COMPANY end of 1932 it had produced over 20 million barrels of oil. New pools are
PRINTERS AND BINDERS, LANSING . .
1353 being discovered almost every year. Several known structures of con-
IIY




v LETTER OF TRANSMITTAL
siderable size are still untested and other structures doubtless will be
discovered with further drilling. Some of these structures doubtless
will prove to be commercially productive of oil and gas.

The value of this report to oil and gas operators and citizens of the
State should be large and its effect far-reaching. It must be emphasized,
however, that despite the large amount of study given, many of the con-
clusions and conceptions advanced are merely tentative. They are in-
tended to guide prospecting for oil and gas in Michigan more intelli-
gently, and, it is hoped, more effectively and profitably.

Much is still to be learned about the structure of the rocks in many
areas of the southern peninsula. These areas are for the most part under-
lain with known oil and gas producing horizons. They are, however,
mantled with such thick cover of glacial deposits of sand, gravel, and
clay that preliminary exploration is expensive and costs of development
may be locally almost prohibitive. Notwithstanding these unfavorable
factors, exploration is extending successfully into several areas of thick
drift, especially in the line of known “anticlinal structural trends.”

On the whole, geophysical methods of prospecting have not been par-
ticularly successful in locating favorable structures, although they have
been known to check some of the known structures. Test drilling by core
and hollow rod methods has revealed several large anticlines and defi-
nitely outlined others. Most of this testing has been done by operating
concerns with small tools and under our oil and gas laws the details
of these discoveries are not freely accessible.

The successful use of geophysical methods in the past few years has
made the uninitiated more susceptible than ever to the wiles of the
“doodlebug” operator and his extravagant claims of success for instru-
ments of every size and description, though these almost without excep-
tion are not based on any known scientific principle. Against such claims
the unwary must be on continual guard or else be led into unsound specu-
lation where hazards are usually greater than the average for the petro-
leum industry.

The role of the promoter in the oil and gas business is an important
one, and “wildcatting” or drilling in undeveloped territory is his forte.
It seems fitting here, however, to sound a warning against inequitable
“deals” in which some promoters figure. The magic charm of the word
“oil” has spelled and always will continue to spell riches to the man of
comparatively small means. If he wishes to take a long chance in a
well of highly uncertain possibilities he should at least take the precau-
tion to investigate the share which his dollar will reap in the undertak-
ing, as compared to that of the promoter.

The production of oil in Michigan has thus far been largely from
porous limestone “pay” horizons in rocks of Devonian age. This fact has
led in the past year to the perfection of a method of acid treatment for
increasing output from both new and old wells. This new method for
increasing oil and gas recovery will probably do in limestone producing
horizons what shooting did previously in sandstone horizons. This very
promising advance in technical practice is being closely watched in all
sections of the country where oil and gas are being produced.

The future of Michigan’s oil and gas industry now seems bright and
its possibilities are only beginning to be revealed, but our attitude should
be one of conservative optimism. The costs of discovery and development

LETTER OF TRANSMITTAL . v

apparently will be relatively large in comparison to many other districts,
although there are doubtless many relatively shallow fields still to be
discovered. The geologic background of the Michigan Basin is so nearly
similar to that of the surrounding states of Ohio, Indiana, Illinois, and
Kentucky, and the Province of Ontario, where oil and gas have long been
produced, that it is logical to assume that similar fields and production
will be developed in Michigan.
The accompanying report should greatly aid in this development.
Very respectfully,

R. A, SMITH,
June 15, 1933. State Geologist.
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OUTLINIE OF REPORT

Michigan has joined the rank of states which produce important quan-
fities of oil and gas. The petroleum industry has contributed a large
amount of geological data relative to features of deposition and struec-
ture of the region, particularly in the southern peninsula of the State.
The information gained from drilling operations hasi shown more exactly
than heretofore the succession of sedimentary beds in many areas. Strata
of relatively the same age can now be correlated from one part of the
State to another with much greater ease and certainty than in the past.
The stratigraphic section is well known in certain districts where a large
number of wells have been put down. The differences in the geological
column in these separate districts suggest new theories of the history of
sedimentation in the Michigan Basin. The complete history of deposi-
tion is still vague, because of the lack of adequate paleontological studies
of the well cuttings and cores. This report brings together and attempts
to coordinate numerous facts concerning the depositional and struectural
history of the Michigan Basin province.

Structural features in the rocks of the Lower Peninsula of Michigan
are determined chiefly by comparing samples and logs of wells and draw-
ing subsurface contour maps. The scarcity of rock exposures in most
of the State restricts the study of both the major and minor structures
largely to this method of approach. Geophysical prospecting has not
been particularly successful in southern Michigan for locating anticlinal
structures, and deep wells and shallow test holes have been the chief
source of our knowledge of structural conditions.

It is shown by areal geology maps, structural contour maps, thickness
maps, and the general nature of sedimentation that the basin is a some-
what elongated sedimentary trough or possibly a geosyncline. The close
relation of the smaller anticlines and synclines to this large regional
structure is suggested. A theory is advanced to explain the origin of
the Michigan synclinal basin. This Basin probably began at about the
same time as the Lake Superior geosyncline and developed through suc-
cessive periods into its present form and area. The development of
the Basin is traced so far as the structural and stratigraphic data permit.
The varions known periods of folding that have affected the Basin are
listed in an attempt to account for the possible origin and explain the
characteristics of the better known structures which have caused the
accumulation of commercial pools of oil and gas. Some of the forces and
factors which may have controlled and modified these structures are
also suggested.

The various local anticlinal folds in Michigan, best known from the
results of recent drilling, differ somewhat in form but all seem to have
certain, definite, common characteristics. These folds have unequal dip
on each flank, and the steeper dip is usually on the side toward the center
of the Basin. The general trend is northwest-southeast with the direec-
tion varying from N.40°W. to N.50°W. The trapping of pools of oil and
gas seems to have been more or less localized by cross folding varying in
direction from east-west to northeast-southwest. Most of the synclines
or troughs are wide and flat in comparison to the anticlines. Strong lines

XTIIT



X1iv OUTLINE OF REPORT

of folding in the central portion of the State extend for long distances,
but the individual anticlines are interrupted at intervals and offset in
echelon or staggered fashion. -

The outstanding depositional and structural features of the Michigan
Basin region are compared and differentiated to show the general historie
background of the structure of this isolated province. The objects sought
are a fuller understanding of the origin and development of the great
downwarped area, an explanation of its geosynclinal characteristics and
a conception of the causes for its periodic isolation during geologic his-
tory. The solution of these problems depends on the completeness of the
data in the different parts of the area and the correct interpretation of
the facts.

The discussion follows under two main headings: General Geology and
Economie Geology.

Part I—General Geology deals largely with the stratigraphy and
structure of the Michigan Basin as a province. The chapters take up
in order: Introduction, Geography, Descriptive Geology, Historical
Ge_eolqu, Structural Geology, and Theory of Origin and Growth of the
Michigan Basin. In each chapter, the subjects are treated with the pur-
pose of trying to solve the major structural problems of the Michigan
Basin, the solution of which would largely explain the characteristics
of the minor anticlines where commercial quantities of oil and gas might
be expected.

The introduction deals largely with means and methods of developing
this report, and sources of information are outlined. The Michigan syn-
clinal basin is described along with a historical review of previous ideas
concerning this large major structure. General conditions in the area
are summarized.

In outlining the geography of the region, the various surface features
are discussed, and the outstanding regional features of ground relief
and drainage are described. The setting of the Michigan Basin with re-
spect to other physiographic provinces together with the isolation brought
about by the basins of the Great Lakes is shown. i

The chapter on descriptive geology includes a description of Michigan
rocks in the order of age. From oldest to youngest are the underlying
Crystalline Rocks or Basement Complex, the overlying Paleozoic strata,
and the Pleistocene or surface deposits of glacial origin. The Paleozoic
formations of Michigan are listed and described. The formations of each
period are tabulated and correlated with comparable strata in adjoining
states or provinces. Tn some cases, they are also compared with the
classical type section of New York State.

Historical geology is a reading of past events as shown by the rocks.
The events in the history of deposition in the Basin are given in order
from the Cambrian period to the present, and the climatic and physio-
graphic factors influencing the sedimentary history are postulated. The
various invasions and recessions of the sea with respect to the land and
the tiltings of the Basin are also considered. The configuration of the
Michigan Basin during successive periods is shown by means of equal
thickness or isopach maps for the formations laid down after Salina

time. The formations below the Salina have not been penetrated by the
wells in the central part of the State. The known formational overlaps
are described, and the possible events bringing about these overlaps are
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suggested. The history of the surface features of Lower Michigan is
traced, and the remnant features of pre-Pleistocene (before the Ice Age)
topography, so far as known, are shown by a contour map of the bedrock
surface. Conclusions or inferences as to the nature and extent of pre-
glacial drainage systems are drawn from this map. The possible origins
of the topographic basin in central Michigan and the basins of Lakes
Michigan and Huron are also discussed.

The structural geology of a region is partly reflected by the distribu-
tion of surface rocks. This is shown by a revised map of the areal geology
of the southern peninsula, on which there are several new formation con-
tacts. The conditions of overlap and the amount of formation thicken-
ing into the central area of the Basin is illustrated by stratigraphic cross
sections. The results of folding in the rocks of Lower Michigan are
shown graphically on a regional structural contour map. An analysis
of the recognized periods of folding and the different disconformities
completes the discussion.

The proposed theory of origin and growth of the Michigan Basin is
simply a hypothesis which seems to fit the conditions as known. In
advancing this theory, the Basin is shown in its larger structural features
to have many characteristics of a geosyncline. It seems by analogy to
be similar in many respects to the Appalachian geosyncline and probably
originated at the time of the Keweenawan movement. The source of the
pressure was apparently to the northeast. Through periods that followed,
the major and minor directions of the somewhat elongated basin were
greatly modified by crustal disturbances originating from other direc-
tions. These later disturbances restricted it at successive times and
brought about salt forming conditions. The cause of the forked outline
of the Cincinnati arch is correlated with the movements affecting the
Michigan Basin area, and the west branch (Wabash arch) probably
originated much prior to the east branch. Aside from the primary struc-
tural factors that control the direction and alinement of folds in Michi-
gan, there are several secondary factors. Among these modifying sec-
ondary structural factors, which have locally altered the direct warping
effects of deformation, are included deep seated faulting, vertical compac-
tion, solution, expansion, and reefs. The persistent structural trend lines
give opportunity for speculation on the possible prolongation of folds
beyond areas where drilling has been carried on. The surface features,
which show angular arrangement and direction conforming with the gen-
eral structural pattern, are pointed out. Important among these are
the angular shore features along the Great Lakes, the comparatively long
narrow lakes fringing the Lake Michigan shore, the pattern of drainage
lines, the topographic features formed by glacial action, and the con-
figuration of the bedrock surface. The relation of rock structure in min-
ing districts of northern Michigan and of hinge lines of post-glacial
uplift to zones of weakness is also noted. The correspondence of zones
of structural weakness to the “hinge lines” may result in a fuller knowl-
edge of the causes of post-glacial tilting and uplift movements.

Part II—Economic Geology deals with the application of geology to
oil and gas operations in Michigan and takes up the discussion of strue-
tures where oil and gas have been found. The chapter headings are Oil
and Gas Structures, Muskegon Structure, Central Michigan Structure,
Howell Structure, and Undeveloped Structures. The fields are discussed
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separately with reference to their physiography, history, stratigraphy,
structure, production, conditions of operation, and individual peculiari-
ties. “Wildecatting” undertaken in search of new fields is summarized by
counties,

The fundamental principles of oil and gas accumulation and the role
played by geological structure in localizing oil and gas pools are briefly
given. There are many conditions under which oil and gas may be found,
and the principal ones are outlined and tabulated. The Michigan struc-
tures containing oil and gas are fairly typical anticlines and domes. The
structures fully described in previous reports are briefly mentioned.

The Muskegon structure is peculiar in shape and in the nature of its
oil and gas producing horizons. The anticline is elongated east and west,
although the axis or top of the fold is an arc which bends southeast giving
it a “pistol” outline. The Traverse, “Dundee,” and Monroe producing
horizons are at different intervals below the tops of the formations and
carry larger quantities of natural gas than those in the central part of the
State. The intensity of folding is about the same in the Devonian as in
the Mississippian beds, but the structure is offset or largely gone at depth
beneath the Salina rock salt strata. The water conditions at Muskegon
are rather typical of limestone fields, and the brines are of high concen-
tration. The development of the field is now in its last stages.

The Central Michigan structure includes two more or less parallel lines
of folding, the Greendale and Broomfield “highs.” Several oil and gas
pools have been discovered along the Greendale high and one gas pool on
the Broomfield high. The area illustrates well the echelon or staggered
arrangement of individual anticlines and domes and the relatively great
width of the synclines in comparison to the anticlines in the central part
of the Basin. The producing structures are known as the Mount Pleasant
structure and East Extension, Leaton structure, Vernon structure,
Broomfield structure, Clare structure, and Porter structure. The nature
of the Dundee oil production with the relatively small amount of asso-
ciated gas in the “pay” horizons is typical of fields centrally located in
a major depositional basin. There is some production in the Traverse and

Monroe. Gas and a small amount of heavy oil is found in the Michigan -

“stray sand” a short distance above the Marshall. The properties of the
crudes vary progressively in the different fields toward the center of the

Basin, increasing in gravity from 40.4° to 44.5° Be. Water conditions

are not uniform throughout the area. The brines show certain progres-
sive changes in composition with depth which, although not always regu-
lar, indicate an increase in specific gravity, calcium chloride, potassium
chloride, and bromine, and a decrease in sodium chloride. The discon-
formity at the top of the Dundee limestone is an important factor limit-
ing the extent of the productive areas.

The Howell structure is the most pronounced individual structure
known in southern Michigan. Tt seems to be a broad feature, but the
highest dome mapped on the crest of the fold is comparatively narrow.
The southwest flank of the anticline dips very sharply for Michigan struc-
tures, and there is good evidence that this side of the fold is steeply
faulted, at least in the Devonian beds. In size and general character-
istics, the structure compares very closely to the LaSalle anticline of
Ilinois. The highest part of the dome has not been tested for oil and gas,
but a small producing gas well was found in the immediate vicinity of
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Howell. It is thought that much of the oil and gas that might have
accumulated in the Berea, Traverse, Dundee, and Detroit River has
escaped because of fracturing in the rocks. The deeper possibilities in
the Salina, Niagaran, and Trenton have not been tested. Structurally,
the area is an important feature in the explored portion of the Michigan
Basin.

The undeveloped structures of Michigan have not been very thoroughly
worked out and, except where core drilled, simply represent the projected
trends of known anticlines. For this reason, their exact locations and
intimate features are indefinite. These structures are discussed by
counties, taking up first the scope of developments and the general nature
of the folding, and then the findings in individual “wildcat” wells. The
counties where no important showings of oil and gas have been found are
taken up separately, under the heading of miscellaneous counties.
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OIL AND GAS FIELDS OF MICHIGAN

A DISCUSSION OF
DEPOSITIONAL AND STRUCTURAL FEATURES OF THE
MICIIIGAN BASIN

By Roperr B. NEWCOMBE

Chapter I
INTRODUCTION
REASONS FOR THE REPORT

Until the beginning of extensive oil and gas development in 1926, the
details of bedrock geology in the Lower Peninsula of Michigan were prac-
tically unknown except in a few small areas. No part of the United
States is so deeply buried and completely covered by glacial deposits as
this great peninsula. Searching for truths of correlation and sedimentary
history in this expanse is like a navigator on an uncharted sea. The
geology of its borders is slightly known, but the interior district con-
tains county after county about which practically no stratigraphic in-
formation has heretofore been made available. As a result, this fasei-
pating area with its unique conditions has never received from geologists
the attention it rightly deserves.

IFortunately, developments in the last five years (1926-1931) have
served to largely remove this difficulty. The discovery of oil at Saginaw,
Muskegon, and Mount Pleasant resulted in the drilling of over 1,600 wells
in various sections of Lower Michigan. The deep wells have been suffi-
ciently scattered to afford a large amount of reliable stratigraphic and
structural data. These wells, together with test drilling and coring
operations, have furnished many records and sets of samples which await
further study.

NATURE OF THE REPORT

This report consists of a consolidation of all the known geological data
into a regional study with particular emphasis on depositional and struc-
tural features. The limitations of subsurface determinations due to the
regrettable lack of paleontologic verification are recognized. Tt is hoped,
however, that the geological data herein compiled and analyzed will serve
a useful purpose and many perplexing questions will be at least partly
answered. Those conclusions which are debatable may possibly open
some new thought and a more thorough investigation of the facts may
thereby result.

Subsurface studies of the several productive oil field areas are included
to give an idea of some of the more minute details of structure and its
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effect on sedimentation. The fields included in particular are those near
Muskegon, Mount Pleasant, and Howell. The last named has not been
developed to the extent of the other two, but it is discussed because
" detailed information is available, the structure is the most pronounced of
any known structure in the State, and the sharply folded and apparently
faulted character of its southwest flank presents unusual conditions.

SOURCES OF THE DATA

The sources of data for this report have been widespread. Reconnais-
sance observations have been made in nearly all the areas of outcropping
rocks in the southern peninsula and in numerous localities of the northern
peninsula. Several places where the rocks concealed in Michigan come
to the surface in bordering states have likewise been visited for purposes
of comparison. The available well data have been compiled, tabulated,
and plotted in graphic form. A great many sets of samples have been
examined, both on file in the Geological Survey office and in oil company
files about the State. Frequent visits have been made to well operations
for the purpose of securing “first hand” supplementary data and to the
geological surveys of the peighboring states for making comparative
studies of well cuttings.

LIMITATIONS OF THE GRAPHIC MATERIAL

The numerous computations of the thickness of strata and of the depths
of the various formations with reference to sea level are not shown on the
finished maps because of their small scale. Moreover, graphical represen-
tation of features of deposition and structure by means of contour maps
is more clearly portrayed without a confusing mass of statistical detail.

Complete summaries of the thicknesses of the different formations in
separate well sections and the plus and minus datum numbers showing
elevation of the several key beds or horizons would consume more space
than the present work will allow ; hence, these figures together with hun-
dreds of detailed well logs are omitted from this report. The factors of
correct interpretation and proper ethical use of the information avail-
able have been taken into consideration. The tabulated summaries and
original maps are in the files of the Michigan Geological Survey which
in most cases may be consulted for purposes of comparison and verifica-
tion.

As additional information qecumulates from the results of new drilling,
many of our present conceptions of depositional and structural features
in the State will have to be changed. The results of this compilation are
by no means final, and the purpose of the study is to bring together and
coordinate the known facts that new facts as discovered may be better
interpreted. Wells that are to be drilled in the Michigan Basin region
in the years to follow will doubtless alter present ideas of stratigraphical
and structural geology in a marked degree. Drilling operations are
continually bringing forth rock material which forces reexamination of
theories and working hypotheses which were once considered fixed or
practically proved.

A publication of this type must be somewhat technical for obviously
geological facts can be given best in terms of geological usage. Every
effort, however, has been made to define words and explain phrases which
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would be unfamiliar to the average reader. Simplicity has been sought
without destroying scientific exactness, and the end desired is a state-
ment of conditions which will be within the grasp of everyone who may
find occasion to read this report.
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the mapping, and the final compilation by giving many suggestions from
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tance by their whole-hearted cooperation. A large amount of field data
for the Central Michigan Area were obtained by I". M. Anderson and
F. H. Loveday, and the Muskegon Field was scouted by W. L. Daoust
and C. Harold Riggs. O. F. Poindexter examined many of the well
cuttings and F. R. Frye, Petroleum Engineer, carried on a great deal of
the compilation and made rough drafts of several cross-sections. Lyle
Price prepared a large number of the graphic logs and George Granger
and Robert Thompson did most of the drafting.
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panies furnished a large amount of data and these men have been fre-
quently consulted on problems of correlation and details of structural
interpretation. Of this group, W. A. Thomas, George W. Pirtle, G. A.
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Hill, and Ralph Melhorn offered helpful suggestions and constructive
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Much information has been gained from members of surveys and in-
stitutions of adjoining states. Particular thanks are due R. B. Hark-
ness, Commissioner of Natural Gas in Ontario; Prof. J. E. Carman,
Ohio State University; A. H. Bell and L. E. Workman of the Illinois
Geological Survey; Ira Edwards and Gilbert O. Raasch of the Milwau-
kee Public Museum; and F. T. Thwaites of the Wisconsin Geological
Survey for kind communications and personal references. Prof. (. M.
Iblers of the University of Michigan; Prof. E. R. Cumings of Indiana
University, and Prof. W. A. Kelly of Michigan State College have greatly
assisted in matters of correlation and stratigraphy.

Special acknowledgment is due Prof. W. H. Hobbs of the University
of Michigan, under whose inspirational guidance this work was at-
tempted. Prof. A. C. Lane of Tufts College and Prof. C. M. Nevin of
Cornell University were consulted on a few of the stratigraphic and
structural problems. Prof. C. W. Cook of the University of Michigan
was constantly in touch with the progress of the work and assisted in the
preparation of the manuscript. Prof. 1. C. Case, A. J. Eardley, and
D. C. Chapman also made helpful suggestions.

The writer is particularly grateful to the officials of numerous oil com-
panies, the Michigan Well Drillers Association, and the field scouts who
secured much statistical material. Members of several divisions of the
Department of Conservation offered frequent courtesies which were very
helpful in the completion of certain sections. Finally, much appreciation
is due Miss Thelma T. McReavy who aided in the details of preparation.

GENERAL DESCRIPTION OF THE MICHIGAN BASIN

The Michigan Basin designates an area of stratified rocks classified on
the basis of the major geological structure which underlies it and largely
governs its subsurface and surface features. The center of the territory
embraced is the approximate center of the southern peninsula of the
State of Michigan dand because this point is structurally lowest, the rocks
cropping out on the marging are to be found at greatest depths in the
central area. This structural and depositional province is styled a
“basin” because the dimensions in any direction across it are so nearly
the same. The surface expression of the rocks comprising the province
is less symmetrical around the borders than near the center where out-
side structural controlling factors are less effective. The outline of the
outcropping rocks occupying the central part of the surface area is
more or less elliptical with the major axis of the ellipse extending in a
northwest-southeast direction. The major and minor diameters of this
ellipse as indicated by the outer houndaries of the Pennsylvanian rocks
are in the ratio of about 4 to 3 which is far from the early conception of an
almost circular basin structure.

The term “synclinal basin” was used by Van IHise and Leith! and is
accepted as being more truly descriptive of the exact structural relation-
ships which exist throughout the region than any other caption. A
“syncline” is a geological term indicating a down-fold in the rocks and
is usually related specifically to a “canoce-shape” warping which pitches
from both ends towards the center and whose longer dimension is notice-
ably greater than the transverse. It is evident from the structure of the

i 1V';1n I{Tse, C. R, and Leith, C. K., The Geology of the Lake Superior Region: U. 8. Geol.
Survey, Mon. 52, p. 109 (1911).
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rovince that it is a syncline in character, and details to further snpport
this statement are exhibited in the thickness of the sediments and the
directional relationships of the minor folding discussed in later para-

graphs.
AREA COMPRISING THE MICHIGAN BASIN PROVINCE

The area comprising the Michigan Basin province inc.ludes about
106,700 square miles and stretches from Fvor"c VVa_yng, Indiana, on the
gouth, to Whitefish Point near Sault Ste. Marie, M1ch1gan,_ on the north,
and from west to east about 370 miles. The State of. Michigan ma_kes
Canada, on the east. The distance from north to south is a.bogt 410 miles
and from west to east about 370 miles. The St'ate of Mlchlgan. mkaes
up nearly half of the province and another third includes Lake M1.ch1gan
and Lake Huron, which are entirely within the area. Small portions of
the states of Wisconsin, Illinois, Indiana, Ohio, and the province of
Ontario, Canada, account for the remainder of the Basin province as
shown in Figure 1. o ‘ ‘

By far the largest continuous land area in the Michigan Bas113 provinee
is the southern peninsula of Michigan. This area embodies 38.0_ per cent
of the “basin” or 40,789 square miles. The shape of this peninsula re-
sembles a mitten, and the area northeast of a line from Bay ity to Port
Huron is commonly called the “Thumb” district because it corresponds to
the thumb of the mitten. Frequent reference to th‘e “Th}lmb” ‘WIH be made
in describing this part of the State. Since the discussion will be largely
confined to geological conditions in the southe}“n peninsula, the te?m
“Michigan” will apply only to the Lower Peninsula unless otherwise

designated.

PECULTARITIES OF THE AREA

Although small portions of the Michigan Basin occur in other states,
the greater part of the area is entirely isolated by bodies of water. Gen-
erally, it is extremely difficult to follow rock formations from one state to
another where the state boundaries are merely arbitrary lines angl gaps
in exposures are relatively small. In Michigan, it is even more difficult
to correlate the beds with those in bordering states because the Great
Lakes serve as a natural barrier in tracing formations from the nearest
localities where they have been more thoroughly studied. Deduc’gions
about the continuity of beds must be drawn by methods other than direct
comparison between outerops.

The southern peninsula is bordered in every direction except to the
south by a major body of water. Lake Michigan on the west, lakf.:s Huron
and Michigan on the north, and lakes Huron, St. Clair, and Erie on the
east, entirely separate this part of the State from other areas where
similar rocks are exposed at the surface. In working out the geology
of the region, the question arises as to what has happened throughout
geological time where these great expanses of water now exist.

The known rocks which underlie the southern portion of the State are
entirely of sedimentary origin; that is, they were laid down as saqd and
clay, or lime muds in great bodies of water of shallow marine inland
seas which somewhat resembled our present (ireat Lakes. In the forma-
tion of these rocks, the waves worked on the shores of the land masses
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which remained above water during the various geological periods. Dur-
ing a greater part of the time when the sediments were being deposited,
this part of Michigan was occupied by a somewhat isolated sea in a
relatively similar position to the Lower Peninsula now. As a result, the
rocks which were formed are mostly peculiar to this area alone, and
some find no exact counferpart in adjoining regions.

In a similar fashion the southern peninsula was in general structurally
isolated, and the great earth movements which caused folding of the rocks
affected this area in a unique manner. The principal factor in both the
depositional and structural history of the “basin” was its location with
respect to the great masses of crystalline rocks. At certain times, the
forces causing folding originated in these areas which were also the
primary source of the sedimentary materials.

The crystalline rocks are those rocks composed of closely fitting
mineral crystals as contrasted with those made up of cemented sedimen-
tary materials. In a broad sense, the term is applied to all rocks of
crystalline texture derived by ecrystallization from a magma (liquid
molten rock or lava) and to highly folded rocks which have undergone
recrystallization through the effects of heat and pressure. This class of
rocks may be either old or young in age, but in the Michigan area they
constitute some of the oldest rocks on the North American Continent.

To the west, northwest, and northeast of the Michigan Basin are great
areas of crystalline rocks. One of these areas, situated in Wisconsin and
the northern peninsula of Michigan, is known as the “Wisconsin island”
because of its persistence as a land mass above water throughout the
greater part of geologic time. The other, located in the province of
Ontario, Canada, is known as “Laurentia” or sometimes simply the
great “Canadian Shield.” These great land masses have had a profound
effect upon the Lower Peninsula of Michigan throughout geologic history.

The relative scarcity of outcrops in the southern peninsula of Michigan
is a serious obstacle to geological study. Out of the sixty-eight counties
in this area, forty are without any outcrops, and many counties contain
only a single small rock exposure. Outcropping rock is most abundant
in the counties bordering the Great Lakes and in the southeast and south
central parts of the State. The best exposures are in the northeast corner
bordering Lake Huron, where rock occurs at the surface in many places
in several townships of Alpena and Presque Isle counties. A general idea
of the localities in which bedrock is exposed may be obtained from Figure
2, which shows the approximate location of the principal outerops and
larger quarries. Many of the old quarries are now abandoned and partly
or wholly filled with water.

HISTORICAL DISCUSSION

During their early explorations along the shores of the Great Lakes,
the Jesuit Missionaries recognized some of the mineral possibilities of
Michigan. Douglass Houghton?® in his second annual report presented
before the legislature in 1839 recognized the general geological structure
of the State. He wrote “My examinations would lead me to infer that
the coal of the central part of our state, and that upon the Illinois river,
is embraced in a rock which belongs to the same portion of the great

? Publication of Michigan Historical Commission : Geological Reports of Douglass Houghton,
Lansing, p. 175 (House Documents, 1839, No. 23) (1928).
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basin; ....... ?  From these remarks, we may infer that he had in mind
somewhat the general “basin” structure of the southern peninsula. In a
later report, Bela Hubbard® who was then Assistant Geologist under
Houghton, outlined in greater detail the arrangement of rocks in the
southern peninsula.

During the Foster and Whitney survey of the Lake Superior Land
District, James Hall visited the principal localities of outcropping sedi-
mentary rocks and made a number of fossil collections and observations.
His summary* of the general structure of the region follows:

“The bearing and inclination of these successive groups indicate that
they formed the outer margin of a great geological basin, whose greatest
depression is in the Lower Peninsula of Michigan, where the surface is
occupied by rocks of the Carboniferous epoch. It is only in a northern
and northwestern direction, however, that we are enabled to trace the
strata in a descending order quite to the lowest members of the series,
and even to the non-fossiliferous series beneath them. In other directions,
we find the most elevated portions of the border exposing only members
of the upper, or at most of the middle, portion of the Silurian system.”

His was the first real conception of the major geological structure of
the State, and the general picture as presented by him has not been
greatly altered up to the present.

The common popular description of the Michigan Basin was initiated
by Winchell® in 1860 when he wrote, “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 center. Iach rocky stratum of the Lower
Peninsula is, therefore, dish shaped. All together, they form a nest of
dishes. The highest strata are near the center of the peninsula; and
passing from this point in any direction, we travel successively over the
outcropping edges of older and older strata. The irregularities in the
shape of these dishes, will be pointed out in the sequel.”

This “pile of dishes or saucers” idea has prevailed up to the present
day, and Michigan has been known as an almost perfect basin structure.
In a broad way this notion of basin structure still maintains, but the
perfection of shape and proportion is now greatly modified. Corrections
to the areal geology of the southern peninsula (see pl. IT) show a slight
elongation of the “basin,” and the subsurface contour map (see pl. IIT)
illustrating the structural configuration of the rocks shows the important
parallelism of folding to this axis of elongation. Additional features of
deposition and structure which are to be deseribed will illustrate that this
area is an elongated basin of geosynclinal origin with characteristics
which are common to great geosynclines or basins of deposition.

Early observations were limited by scattered exposures within the State
and the remoteness of outcrops in adjoining states. The small amount of
drilling done through a long period of years added a very limited amount
of new information and preexisting views were not extensively altered.

aHubbarud, Bela, Fourth Report of the State Geologist: Sen. Document, No. 16, p. 187
(1841) ; also Publication of Michigan Historical Commission: Geol. Reports of Douglass
Houghton, pp. 612-613 (1928).

*Foster, J. W., and Whitney, J. D., Geology of the Lake Superior Land District, Part 2:
U. 8. Senate Document, Exec. No. 4, Spec. sess. March 1851, p. 113 (1851)

5 Winchell, Alexander, First Biennial Report of Progress of the Geologiczil Survey of Mich-
igan: p. 44 (1861); also Proc. A. A. Adv. Seci., Pt. 2, p. 27 (1876).
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Rominger®, Lane’, and Smith® although recognizing the irr_egul.arities did
not depart greatly from the idea of simplicity and regularity in the gen-
eral outline and structure of the Michigan Basin.

The discovery and the development of oil and gas have helped to solve
a variety of important geologic problems in Michigan wl}ich are im-
port'a.nt in commercial enterprise, as well as the assembling of basic
scientific facts. Detailed records and samples from wells, accurate loca-
tions and elevations, and close examination of conditions found and
materials obtained are rounding out a more complete and exact history of
the rocks of the region. Deep wells have been put down during the past
five years in nearly every county in the State and in almost every case
accurate records have been secured. The study of these well records has
given rise to a number of new conceptions of stratigraphy and structure.

® Rominger, Carl, Geology of the Lower Peninsula: Geol. Survey of Michigan, Vol. III,
Pt. 1, pp. 21, 22 (1876).

"Lane, A. C., The Geology of Lower Michigan with reference to Deep Borings: Geol. Survey
of Michigan, Vol. V, Pt. II, p. 1 (1881-1893).

® Smith, R. A., The Occurrence of Oil and Gas in Michigan: Michigan Geol. & Biol. Survey,
Pub, 14, Geol. Ser. 11, p. 19 (1912).



Chapter I1
GEOGRAPHY
PHYSIOGRAPHY

GENERAL FEATURES

The area of the Michigan Basin falls within the broad physiographic
classification of the Glaciated Plains province, which extends from the
Appalachian province westward to the Great Plains and from the Ozarks
northward to the Lake Superior upland and Canada. In the classifica-
tion of Fenneman’, it is one of the several divisions of the Central Low-
land. All of the district is characterized by comparatively low relief,
and the surface configuration is largely the result of glaciation.

The various subdivisions of the Glaciated Plains province have been
differently named in various states located within the borders of the
Basin. The southern peninsula of Michigan occupies the central position
in the included territory and its physiographic divisions as shown in
Figure 3, are the Erie lowland, the Thumb upland, the Saginaw lowland,
the Northern upland, and the Michigan lowland. The Erie lowland is
sometimes termed the Huron-Erie plain and the Michigan lowland may
be taken as a part of the larger Mississippi lowland. The arrangement
shows the uplands of the Lower Peninsula surrounded by plains partly
covered by the lake waters.

The part of the Basin lying within the province of Ontario, Canada,
is included in the ground relief classification of the Huron-Erie plain.
The Huron and Erie plains can be separated only with difficulty because
the rock escarpment which usually divides the two plains is almost im-
perceptible at the surface. The ridge is low and obscured by drift and
this makes the two plains appear as one.

Northwestern Ohio also embodies a part of the Erie plain and the
Thumb upland. Hubbard?® divides the district into “lake plains” and
“till plains.” Northwestern Indiana and northeastern Illinois come
within the Michigan lowland. Malott® calls the northwest corner of
Indiana the Northern Moraine and Lake region. The part of eastern
Wisconsin included by the Michigan Basin belongs in the Michigan low-
land. Martin* names this district the Eastern ridges and lowlands.
The area is essentially a belted plain and is made up of relatively parallel
ridges with their steep slopes facing outward from the center of the Basin.

The eastern part of the northern peninsula of Michigan constitutes a
belted plains area and Scott® calls the district the Lowland province.
The province is within both the Michigan and Lake Superior lowlands.
The physiography is governed by resistant rock ledges and glacial deposi-

1 Fenneman, N. M., Physiographic Divisions of the United States: Annals of Assoc. of Am,
Geog., Vol. VI, PL. I, pp. 19-98 (1917).

2 Hubbard, George D., (Peattie, Roderick, author), Geography of Ohio: Geol. Survey of
QOhio, Bull. 27, 4th Ser., p. 8 (1923).

3 Malott, Clvde A., Handbook of Indiana Geology: Publication No. 21, Dept. of Conserva-
tion, Div. of Geology, p. 83 (1922).

¢ Martin, Lawrence, The Physical Geography of Wisconsin: Wisconsin Geol. & Nat. History
Survey, Bull. 36, p. 29 (1916).

5 Scott, 1. D., Inland Lakes of Michigan: Michigan Geol. & Biol. Survey, Pub. 30, p. 16
(1921).
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tion. Two pronounced rock ridges extend across the peninsula from east
to west in a wide arc conforming to the shape of the northern rim of the
Michigan Basin structure. These ridges have a steep slqpe on the'north,
and a gentle slope on the south which conforms approximately with the
dip of the rocks. Such topographic forms are known as “cuestas.”

An almost continuous chain of cuesta ridges partly surrounds the
Basin area in a semicircular curving trend from the vicinity of Hamilton,
Ontario, northwestward to the northern peninsula of Michigan and thence
south through Wisconsin to a little southwest of Chicago. This feature
known as the Niagara escarpment is caused by the resistant beds of
Niagaran limestone. The escarpment practically outlines the Michigan
Basin and only lacks typical development on the south, where it is largely
hidden by glacial deposits and modified by the structural influence of the
great upwarping of the Cincinnati arch. Cumings and Schrock® aptly
describe the Michigan Basin as, “an oval area of cuesta, lake, and glacial
plain, rimmed around by an almost complete circle of Niagaran lime-
stones and dolomites, which rise into bold scarps and cliffs in Ontario,
upper Michigan, and northeastern Wisconsin, but are far more subdued
to the southward. To this upstanding formation lakes Michigan and
Huron owe their familiar outlines, and Bruce and Dorr peninsulas and

Manitoulin Island their existence.”

TOPOGRAPHY

The elevations of the southern peninsula of Michigan range from a
minimum of 571 feet at the level of Lake Erie to a maximum of 1,710
feet in northern Osceola County a few miles southeast of Cadillac. The
greatest lake depth is in the north central part of Lake Michigan. It
is about 300 feet below sea level and, therefore, the total relief of the
region is approximately 2,000 feet. The average altitude of the peninsula,
as calculated by Leverett, is 835 feet? above sea level.

The region of highest average elevation is the Northern upland, the
altitude generally ranging from 1,100 to 1,300 feet. The area rising above
1,200 feet amounts to 1,500 square miles and is very largely in Osceola,
Wexford, Missaukee, Crawford, and Otsego counties. Two other elevated
districts are situated within the Thumb upland. These are in northern
Oakland and Hillsdale counties and reach an altitude of over 1,300 feet.
The Thumb upland generally ranges between 800 and 1,000 feet in
elevation.

The Saginaw lowland which extends from Saginaw Bay southwesterly
into the peninsula has a general elevation between 600 and 800 feet, but
it is crossed by glacial ridges which in places rise up to 1,000 feet. The
Michigan lowland is generally from 700 to 900 feet in elevation and is
influenced by gently rolling glacial topography. Sharp, scalloped sand
dune ridges border Lake Michigan and rise abruptly to over 200 feet above
the Lake, which has a level of about 580 feet.

Leverett® concludes that about 96 per cent of the peninsula stands at
elevations between 580 feet, the approximate level of Lakes Michigan and
Huron and 1,200 feet. Of this percentage about one-half falls below 800

¢ Cumings, E. R., and Schrock, R. R., Niagaran Coral Reefs of Indiana and Adjacent States

and their Stratigraphic Relations: Bull, Geol. Soc, Am., Vol. 39, pp. 579-620 (1928).
* Leverett, Frank, Surface Geology of Michigan : Michigan Geol. & Biol. Survey, Pub. 25,

p. 108 (1917). i
8 Leverett, Frank, Op. cit., p. 108.
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feet, one-third between 800 and 1,000 feet, and the remaining one-sixth,
which is very largely in the northern half of the peninsula, above 1,000
feet.

The diagonal pattern of the uplands and lowlands should be empha-
sized, as on the east side of the peninsula each province trends in a
northeast-southwest direction. The regional topography conforms some-
what to the surface configuration of the rock which underlies the glacial
drift sheet mantle. This is more particularly true in the Thumb upland
area than in the Northern upland, where the unusual thickness of drift
material adds greatly to the total elevation. The descent on the border
of the Northern upland from 1,100 feet or more to about 800 feet is rather
-abrupt and gives this area the appearance of a table-land. The Northern
upland then slopes off gradually and is indented with river valleys which
merge into the Saginaw and Michigan lowlands.

DRAINAGE

The drainage of the southern peninsula is partly to the St. Lawrence
and partly to the Mississippi through the Chicago drainage canal. The
divide between east and west flowing streams of the southern peninsula
takes a general north-south but somewhat zigzag course through the
central part of the peninsula. The direction is locally northwest-south-
east and northeast-southwest, making a rough diagonal drainage pattern
which Winchell® recognized years ago. The Lake Michigan and the
Huron-Erie drainage areas are about equal.

The principal streams head in the upland districts, and the St. J oseph
is the only river system having any great amount of drainage area out-
side the State. The drainage is very haphazard and entirely post-glacial
with youthful streams whose courses are often obstructed and result in
many small lakes and swampy undrained areas.

The Saginaw river system contains the largest drainage area, amount-
ing to about 6,246 square miles, but the Saginaw River proper is only 20
miles long. The sources of its tributaries rise in both the Northern and
Thumb upland areas and its waters empty into Saginaw Bay. The
stream is very unusual in having the mouth near the geographic center
of its drainage area because of the great indentation of the bay.

Grand River is second in size and rises in the Thumb upland near the
line of Jackson and Hillsdale counties. The drainage area of the Grand

. River is 5,572 square miles and its length is 300 miles, the longest river
in Michigan. It empties into Lake Michigan at Grand Haven.

The third largest system is the St. J oseph in the southwestern corner
of the State. This river has a total drainage area of 4,586 square miles,
of which 2,916 square miles are in Michigan and 1,670 square miles in
Indiana.

Other large drainage systems are the Muskegon and its tributaries
draining 2,663 square miles; Kalamazoo, 2,064 square miles: Manistee,

2,018 square miles; Au Sable, 1,932 square miles; Cheboygan, 1,594 square
miles; Thunder Bay, 1,275 square miles; Raisin, 1,129 square miles, and
the Huron, 1,043 square miles. All the remaining streams have drainage
-areas of less than 1,000 square miles.

® Winchell, Alexander, The Diagonal System in the Physical Features of Michi : Am.
Jour. Sci. & Arts, Vol. VI, 3d Ser., pp. 36-40 (July, 1873). v e o Teligan .
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The rivers which originate in the Northern upland province, important
among which are the Thunder Bay, Au Sable, Manistee, and Muskegon,
have the largest amount of fall. The Rifle River, ?thhough only 45 miles
in length, has a fall amounting to 725 feet, which is greater than the fall
of any other river in the State. On this account the stream has cut a
deep valley through the glacial drift and exposed several unusual rock
ledges.

Tghe Flint River, a tributary of the Saginaw system, has more fa}l than
any other river rising in the Thumb upland. The .Kalama.zoo. River of
I.ake Michigan drainage and the main streams which drain into lakes
§t. Clair and Erie also rise in this upland province.

LAKE BASINS

The lake basins of the Michigan region represent a distinet physio-
graphic province. Hydrographic charts published by the War Depart-
ment, U. 8. Lake Survey show the results of soundings and give an ex-
cellent idea of the relief and configuration of their floors. ) )

Lake Superior is the deepest of the Great Lakes, having a maximum
depth of 1,290 feet and a mean depth of 800 feet. The bo_ttom is very
irregular and shows many steep slopes. The depression forming the .basm .
of the lake is of structural origin and conforms with some regularity to
the general structure of the area that it encloses. Van Hl_se and Leith?¢
presented a map which shows by means of contours the relief of the Lake
Superior Basin, together with the basin of the northern half of Lake
Michigan. )

The basin of Lake Michigan is usually considered to be a depression
resulting from erosion. The most of its bed is between 300 feet above
and 300 feet below sea level. The maximum depth is 923 fee‘g and the
mean average depth is 600 feet, with the deepest portion extending north
and south from about latitude 44°20" to 44°40’. This deep part of Lake
Michigan is divided into two basins!! by a plateau 300 to 342 feet beneath
water level, the northerly one being deeper than the one to the south.
Soundings show the greatest depth of the northern basin to be 923 feet
and the southern to be 576 feet. Grand Traverse Bay occupies a deeply
cut basin which has a maximum depth of 612 feet in its east branch.
An escarpment with a drop of 456 feet in a little over a mile is present
along the east side of the Lake Michigan basin and numerous channels
occur in the north end. ILeverett!? has drawn several profiles illustrat-
ing the relief of the bottom of Lake Michigan.

A deep portion of Lake Huron extends northwest-south_east from
Presque Isle to Kincardine, Ontario. The maximum depth is 750 feet
and the mean depth approximates 470 feet. Grabau!® has traced a prov_ﬁle
section across Lake Huron from Point Au Sable to Cape Hurd, showing
the continuance of a cuesta ridge on the lake floor. Saginaw Bay is a
long shallow arm of Lake Huron, extending transverse to the direction of

¥ Van Hise, C. R., and Leith, C. K., The Geclogy of the Lake Superior Region: TU. 8. Geol.
.52, p. 86 (1911). . .
Sull{‘I'Seg)’('enlgeorr,1 J). V&?., Origin of the Rasins of the Great Lakes of America: Am. Geologist,
. I, p. 90, 91 (1891). .
Vollz Xelver%tt, Franig Th)e Illinois Glacial Lobe: U. 8. Geol. Survey, Mon. 38, pp. 13, 14

139(?3:;Lbau, A. W., Guide to the Geology and Paleontology of Niagara Falls and Vicinity:
Bull, New York State Museum, No. 45, p. 54 (1901).
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the deepest depression of the latter. The bed of the bay is relatively flat
and is usually more than 500 feet above sea level.

Lake Erie is the shallowest of the Great Lakes and in but few places
exceeds 150 feet in depth. Spencer* states that the deepest sounding is
210 feet and the mean depth between 72 and 78 feet. The topography of
the floor of the western end of Lake Iirie is relatively level.

The inland lakes of Michigan constitute an important phase of the
State’s physiography. These lakes are of various types, but fqr the most
part they are the result of ground water filling in the depressions left py
the irregular deposition of the materials during the retreat of the ice
sheet. Many of the lakes of this origin have been modified later by inun-
dations of the glacial Great Lakes in their various stages and the action
of shore processes.

The larger lakes within the peninsula are confined to the northern and
north central portions. Inland bodies of water are concentrated within
those parts of the state where interlobate areas were formed through
glacial action. An interlobate area is the locality where two great ice
tongues of the glacier front actually converge and increase the quantity
of material deposited. The irregularities in relief and the nature of the
deposits resulting are usually favorable for the formation of inland lake
basins. The inland lakes have been classified by Scott'® into lakes of the
Cheboygan River region, lakes of the Grand Traverse region, lakes of the
various interlobate areas, and miscellaneous lakes of the different
morainic and outwash systems. It has been estimated'® that Michigan
has more than 5,000 lakes with a total area of 712,864 acres. The largest
of these is Houghton Lake in Roscommon County which is 30.8 square
miles in area and 9.3 miles Tong by 5.2 miles wide.

1s Spencer, J. W., Discovery of the Pre-Glacial outlet of the basin of Lake Erie into that of
Lake Omntario—with notes on the origin of our Lower Great Lakes: Proc. Am. Philos. Soc.,
Vol. 19, p. 307 (1880-1881). A . .

% Scott, I. D., Inland Lakes of Michigan: Michigan Geol. and Biol. Survey, Pub. 30, Geol.
Ser. 25, pp. 68-267 (1921). K

1% Wood, L. H., Geography of Michigan: Horlon-Beimer Press, Kalamazoo, Michigan, p. 44
(1914).
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Chapter 111
DESCRIPTIVE GEOLOGY
CRYSTALLINE ROCKS

The crystalline rocks which underlie the Michigan synclinal basin
are divided into two types, the igneous and metamorphic. TIgneous rocks
crystallize out from a magma (molten rock) and become solidified either
by rapid or gradual cooling. Metamorphic rocks are a type which obtain
a close crystalline texture through the transforming effects of heat and
pressure incurred through great earth movements. The original source
before metamorphism may be either a sedimentary or an igneous rock.

The crystalline rocks are the great basement upon which the sometimes
less indurated sedimentary series are later deposited. There are two
great systems of crystalline rocks which have been called Archean and
Algonkian. The Archean rocks are divided into two large groups, the
Keewatin and the Laurentian series. The Algonkian is divided into the
Huronian and Keweenawan series.

The description of the crystalline rocks is largely the same as used by
Van Hise and Leith’!, whose major conceptions have not been greatly
modified up to the present day. The lowest rocks of Archean age found
in the Lake Superior region are sometimes termed the basement complex,
of which the Keewatin constitutes the oldest series. The Keewatin com-
prises two great formations, the one being igneous and predominant, the
other sedimentary and subordinate. The igneous rocks make up a great
volcanic series which consists mostly of basalts and intermediate rocks,
Greenstones and volcanic fragmental rocks are often associated with the
lavas. The sediments of the series include quartzites, slates, iron-bearing
formation, and subordinate dolomite. The metamorphosed slates and
graywackes are often similar to the schistose phases of the greenstone.
Folding is usually close and the beds stand at steep angles. Topo-
grapically, the Keewatin, though rough in detail, has on the whole less
bold relief than the Algonkian.

The rock types of the Laurentian series contrast sharply with the
Keewatin, the intermediate and basic rocks being subordinate and granite,
granitoid, gneiss, and syenite predominant. The Laurentian intrudes the
Keewatin in various shapes and forms, thus profoundly altering the
Keewatin rocks to more complex types. In some places the two are so
intimately mixed that separation is difficult.

The Archean rocks are distinctly similar throughout the Lake Superior
region and probably have the same characteristics beneath the Michigan
synclinal basin.

The Algonkian system on the whole contrasts with the Archean in being
dominantly sedimentary rather than igneous, less metamorphosed, and in
having an easily recognizable stratigraphic sequence, and a characteristic
topography. The sediments were probably subaerial in part but largely
assorted and deposited by water. The iron bearing formations found

!Van Hise, C. R., and Leith, C. K., Geology of the Lake Superior Region: U, 8. Geol. Sur-
vey, Mon. 52, pp. 597-615 (1911).
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within this system are regarded as having an exceptional character?,
being derived partly from submarine volcanic rocks either in magmatic
solutions or by the reaction of hot volcanic material with sea water, or
both.

The  Huronian and Keweenawan divisions of the Algonkian are sub-
divided into lower, middle, and upper. Some of the representatives of
these groups are locally missing.

The term Huronian was first used by the Canadian geologists, Logan
and Murray®, for rocks occurring along the north shore of Lake Huron.
Although later controversies concerning the limitations of the series have
resulted, common characteristics are so widespread that the name still
holds throughout the vast area of the northern Great Lakes district. The
lower Huronian includes a great clastic formation which is superimposed
by a cherty limestone or dolomite. Tn most places the clastic formation
includes in ascending order a conglomerate, a quartzite, and a glate.
Contemporaneous igneous rocks are not important in the lower Huronian,
but small dikes of intrusive rock locally cut out the lower Huronian rocks.
This is in striking contrast with the Archean and evinces the existing
unconformity between the two.

The middle Huronian is the important iron-bearing series in several
northern Michigan ranges. Although not always totally present, the
sequence of a clastic series usually consists of a conglomerate, a quartzite,
and an iron-bearing slate followed by a cherty iron formation. Igneous
rocks are locally present in association and both extrusive and intrusive
types are represented.

The upper Huronian (Animikie group) consists mainly of a thick slate
formation carrying two or more iron-bearing beds or lenses near its base
and possibly others higher in the group. The slates which are interbedded
with the iron-bearing formations and quartzites are closely folded, often
schistose, and display strongly developed cleavage. The rocks of this
group are often penetrated by or associated with basic extrusive lavas or
intrusive granites. The Animikie is the ouly group that is practically
continuous throughout the separate individual Huronian areas and con-
stitutes the principal iron-bearing group of the entire region. Its extent
may be realized in the possibility that it may correlate with the slates
in the Black Hills of South Dakota and the Belt series of Montana,
Seaman and Lane* have suggested that the section may approximate 4,000
feet thickness in the Lake Superior region,

The Keweenawan series covers a wide expanse along the Lake Superior
border and is separable into three divisions, the lower, middle, and
upper. The sediments are predominantly red in color, feldspathie, and
poorly sorted. The lower Keweenawan consists of conglomerates, sand-
stones, shales, and limestones, and the division is widespread in occur-
rence. The classification of the lower Keweenawan has been eliminated
by some students of the region®.

The middle Keweenawan was a time of combined sedimentary and
igneous action and the rocks contain many types resulting from the two

2Van Hise, C. R, and Leith, C. K., Op. cit., p. 602,

"%%ogiagés\;v. E., and Murray, Alexander, Geology of Canada: Geological Survey of Canada,
[ .

*Lane, A. C.,, and Seaman, A. E. Notes on the Geological Section of Michigan: Jour.
Geology, Vol. 15, p. 686 (1907).

®The Copper Deposits of Michigan: U. 8. Geol. Survey, Prof. Paper No. 144, p. 18 (1929),
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classes of deposition, together with alteration products. The igneous
rocks are both deep seated and extrusive and include basic, acidic, and
intermediate varieties, the basic rocks being dominant. Much of the
detrital material is derived from rocks of the formation itself and gives
rise to an extremely complex mass.

The upper Keweenawan was a period of normal sedimentation. At
the base of this series are thick conglomerates which are overlain by shales
and a very thick sandstone formation.

The Keweenawan consists mostly of land deposits and igneous flows.
The flows probably welled out under water many times. TFelsitic types
of conglomerate are the principal sedimentary rocks in the Keweenawan
series and are usually underlain with amygdaloidal conglomerate consist-
ing largely of basaltic materials. Ash and tuff, various types of extrusive
lavas, and amygdaloids or traps constitute the characteristic igneous
rocks. The maximum thickness of the series has been estimated® to be
over 37,000 feet.

SEDIMENTARY ROCKS

The sedimentary rocks were deposited in shallow bodies of water
which occupied the Michigan region at successive periods. These inland
seas came in and withdrew as warping of the land brought about basins
which connected with adjacent basins of deposition or the more perma-
nent oceanic areas. The sediments were laid down in shallow shore
waters through physical agencies (wind, current, and wave action) and
sometimes in deeper waters through precipitation by chemical agencies
or animals living in the sea. The total thickness of sedimentary rocks in
the central part of the Michigan Basin probably aggregates over 12,000
feet and consists of sandstones, shales, and limestones with various other
gradational types. The generalized section, including a brief description
of the Paleozoic rocks of Michigan, is shown in Table I. Some of the
units which appear in this table have not been substantiated by fossil
evidence, but they are so similar in position and character to named units
that it seems practical to include them.

In the additional correlation tables which follow for the different
periods, many units are not directly comparable between States and the
exact correspondence is in doubt. However, these tables probably show
the equivalency of formations with sufficient accuracy to materially aid-
those who are unfamiliar with Michigan rocks in obtaining a better idea
of the geological section in the State.

CAMBRIAN

The lowest known sedimentary rocks above the Keweenawan were
named by Houghton? the Lake Superior sandstone. This formation in-
cludes the thick massive and cross bedded sandstones outcropping in
places along the south shore of Lake Superior from Keweenaw Bay to
Neebish Rapids in the St. Mary’s River. These sandstone beds are nearly
equivalent to the Potsdam of New York and probably underlie most of
the southern peninsula, although they have never been penetrated in the
central part of the Basin.

§ Copper Deposits of Michigan: Op. cit., p. 18,
" Houghton, Douglass, Michigan Senate Document No. 7, pp. 74-75 (1840).
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TaBLE I.—Paleozoic Formations in Michigan ( Generalized)—Continued
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Lane® suggested a twofold division into a redder lower portion and a
white upper portion and proposed the name “Jacobsville” for the sand-
gtone skirting the coast at intervals from east of the Copper Range to
Grand Island. The upper 250 feet, which is lighter in color and forms
the bluffs back of Munising, was called the Munising sandstone. The
separation between the two probably marked a period of submergence in
which the iron-bearing rocks were not subject to erosion,

The lower beds of the Lake Superior sandstone are red to brown color
with streaks and mottlings of white or gray and a conglomerate at the
base. The thickness of the formation near Grand Marais is about 1,500
feet, but at the east end of the Upper Peninsula this dwindles to between
100 and 300 feet. The amount of Lake Superior sandstone in the deepest
part of the synclinal basin in the southern peninsula is not known.

A further division of the rocks comprising the Lake Superior sand-
stone in Michigan has been made by Thwaites® of the Wisconsin Survey.
The most recent correlation of the Cambrian rocks of the Upper Mississ-
ippi Valley region made by Ulrich and Resser!® is shown in Table II.
Thwaites!! believes that several other changes should be made in the
present interpretation of Cambrian rocks, particularly that the Mendota
is a local facies of the basal Trempealeau; the Devil’s Lake is upper
Mazomanie; and the Mazomanie is simply a lithologic phase of the Fran-
conia as first defined. The approximate correlation of the Michigan Cam-
brian rocks with the formational units proposed for Wisconsin and
Northern Illinois is indicated in Table II. The divisions by Logan!?
from subsurface studies in Indiana are also incorporated in this table.
Thwaites'® has recognized Trempealeau, Mazomanie, and Dresbach in
well cuttings from near Escanaba and it is possible that the Wisconsin
nomenclature would be more fitting for the Cambrian rocks which under-
lie southern Michigan than the terms now in current use. A brief de-
scription of these rocks as outlined by Thwaites!* for Wisconsin and
northern TIllinois will give some idea of the lithology of the sandstone
beds.

The Mount Simon formation is gradational into the Eau Claire above,
The formation in central Wisconsin is mainly coarse to medium grained,
gray or yellow sandstone with a few layers of green, blue, and red shale.
Farther south less of the sandstone is coarse grained and locally there
are pink layers, the color of which is deepest in the finer grained sands.

The Eau Claire formation is made up of both sandstone and shale in
varying proportions. The upper and lower parts are filled with thin
seams and small lenses of greenish or bluish gray shale, and most of the
sandstone is very fine grained. The Eau Claire is marked by extreme
variability in lithologic character, and secarcely any two well records in
Wisconsin or Illinois display the same succession in detail. Dolomite
beds are most common near the bottom and the top of the formation.

8 Lane, A. C., and Seaman, A. E., Notes on the Geological Section of Michigan: 10th Ann.
Rept. of the State Geologist, pp. 38 39 (1908).

¢ Thwaites, F. T., Straugraphy and Geologic Structure of Northern Illinois: Illinois Geol.
Survey—Report of Investlgatlons No. 13, p. 10 (1927).

W Ulrich, E. 0., and Resser, C. E,, The Cambrian of the Upper Mississippi Valley: Bull.
Pub. Mus. Clty of Milwaukee, Vol. 12, Pt. 1, p. 11, (193

11 Thwaites, F. T., Written communication (\Iarch 6, 1931)

12 Logan, W N., The Geology of the Deep Wells of Indiana: Dept. Conservation, Div.
Geology, Pub. 55, p 8 (1926).

3 Thwaites, F. T Personal communication.

1® Thwaites, F. T., The Paleozoic Rocks found in Deep Wells in Wisconsin and northern
Illinois : Jour. Geol.,, Vol. XXXI, No. 7, pp. 546-5538 (1923).
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DOMINION OF CANADA

WELLS WHICH PENETRATE
TRENTON LIMESTONE
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Figure 4. Wells which have penetrated Trenton 1i t -
bers indicate the thickness of the Trenton). mestone in Michigan.  (Num
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which are sandstone and sandy dolomite in the Lower Ordovician, com-
paratively pure limestone in the Middle Ordovician, and fossiliferous
shaly limestone and shale in the Upper Ordovician. The divisions, with
their respective correlations for the several states surrounding Michigan,
are indicated in Table ITII. The formations equivalent to the new Ozark-
ian and Canadian systems proposed by E. O. Ulrich are shown.

In Michigan the early name for rocks of the Prairie du Chien group
which outerop in the northern peninsula on Calciferous creek, a branch
of the Au Train River, and on the St. Mary’s River near west Neebish
rapids, was the Calciferous!® formation. The lower part of this forma-
tion was called the Hermansville?® limestone, and this term is still used.

The Prairie du Chien group consists of white to buff dolomitic sand-
stone and sandy dolomite, usually with red ferruginous beds and often
oolitic. In describing Wisconsin and Tllinois occurrences, Thwaites?!
emphasizes that “the presence of oolitic chert is a certain marker of the
Lower Magnesian group, since it has not been discovered in any of the
adjacent dolomite formations. 1In places where the underlying or over-
lying sandstones are absent this criterion is almost indispensable.” Wells
which have penetrated the group in the southern peninsula of Michigan
have not revealed with certainty the three-fold division of Shakopee, New
Richmond, and Oneota, but the general lithologic characteristics are very
typical of these members. The New Richmond member is now considered
by many stratigraphers to be merely a lenticular sandstone bed in the
Shakopee dolomite. Greenish shale; red, pink, and purple fine grained,
sandy magnesian limestone and dolomite; and white, buff, and pink
oolitic and dense chert are the prevalent rocks of the Prairie du Chien. A
very great thickening of the formation is noted in the deeper parts of the
synclinal basin.

The St. Peter sandstone occurs rather irregularly because of the pro-
nounced disconformity at the base. Wells drilled in the Upper Peninsula
show a rapid change in thickness of the formation from place to place,
and none of the holes which have been drilled through the Trenton in
southeastern Michigan have found typical St. Peter beds. The formation
is present in Calhoun and Berrien counties, and also in Ottawa County
where an abnormal thickness was found. The sandstone is “clear white”
to buff and some beds are very pure. Special studies?? of the St. Peter
sandstone, which correlate its beds over wide areas and outline the
physical and chemical properties of the rock, show the extent of pre-
St. Peter erosion with a relief ranging from 40 to 200 feet, and conclude
that the formation is primarily of marine derivation from the north and
northwest.

The Middle Ordovician, or Mohawkian Series, is commonly shown in
well records as “Trenton,” a name familiar to all drillers in the Middle
mA. C., and Seaman, A. E., Notes on the Geological Section of Michigan: 10th Ann.
Rept. 1908, p. 40 (1909) : also Jour. Geol,, Vol. XV, p. 694 (1907).

% Bayley, W. S., The Menominee Iron Boarma District of Michigan: U. 8. Geol. Survey,
Mon, 46, p. 494 (1904)

2 Thwmt(s F. T., The Paleozoic Rocks found in deep wells in Wisconsin and Northern
Illinois : Jour. Geol. Vol. XXXI, No. 7, p. 542 (1923).

22 Dake, Chas. L., The DPreblem’ of the St. Peter bandstone School of Mines & Metallurgy,
TUniv, of Missouri, Bull. Tech. Ser., Vol. 6, No. 1 (1921).
2 OBe(ri\g(\)f )C. P., Paleogeography of St. Peter Time : Bull. Geol. Soe. Am., Vol. 17, pp. 229-
5 6).

Sardelsglné)F. W., The St. Peter Sandstone: Bull. Minnesota Acad. Seci., Vol. IV, pp.
64-88 .

Lam(ar, J. E., Geology and Economic Resources of the St. Peter Sandstone of Illinois:
Illinois Geol. Survey, Bull, 53, pp. 14-31 (1928).



30

TABLE III.—Ordovician
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Western states. The exposures of Trenton limestone in Michigan are
confined to localities in the Upper Peninsula, which are mostly in the
vicinity of the Iiscanaba, Whitefish, Menominee, and Rapid rivers. A
few scattered outcrops are in the eastern part of the peninsula near the
St. Mary’s river and north of Drummond Island.

The “Trenton” is best developed in the southeastern part of the State
where the rocks are under cover. The thickness of the formation in the
southern peninsula (see fig. 4) ranges from about 400 feet on the west
side to over 860 feet on the east side near the St. Clair and Detroit rivers.
In well samples the brown shade of the limestones is characteristic and
casily distinguishable. The shade changes from buff to variegated browns
with occasional gray. The beds are usually rather pure calcium car-
bonate, but in Ottawa County the lower part of the formation is slightly
dolomitic and there is a sandy phase which probably correlates with the
sandstone in Wisconsin described by Thwaites®®. He states: “The base
of the Black River is sandy in many localities, and along a belt which
runs south from Milwaukee parallel with the Lake Michigan shore, there
is a distinet bed of sandstone near the bottom of the group; this is known
to well drillers as the ‘Trenton Stray Sand.” Tt has a maximum known
thickness of about 30 feet and consists of rather coarsegrained gray
calcareous sandstone. This rock differs from the St. Peter in greater size
of grain, lack of chert fragments, and in its dolomite cement which is
locally sufficient to cause the rock to break in thin chips under the drill.”
Occasionally shales are penetrated in the Trenton from wells in southern
Michigan but their occurrence is comparatively rare.

According to Smith?%, in the northern peninsula the Trenton has three
phases, (1) an upper granular, crystalline, dolomitic limestone of alter-
nating blue and brown layers terminating at the base in a dark or black
bituminous limestone, (2) a middle portion of cherty layers or lenses
alternating with thick beds of limestone, and (3) a basal member of blue
shales and limestone, a part of the latter being black or dark. The sandy
middle division and the lower blue shaly one appear to have a widespread
distribution. A partial correlation of the Trenton rocks has been made
by Robinson* and Ulrich?. The Trenton probably comprises several
formations which correspond to the Lower Blue, Upper Buff, Upper Blue,
and Galena of the Wisconsin section, and to beds between and including
the Lowville and Trenton of the New York section. Black River and pos-
sibly Stone’s River have been recognized from well cuttings, and Hussey??
makes reference to Black River affinities of fossils found in the Rich-
mond beds. The “Trenton” of Michigan probably includes, therefore, the
Galena, Black River, Lowville, and possibly Stone’s River formations.

The Upper Ordovician, sometimes fermed the Cincinnatian series or
group, consists largely of gray to black shales and gray fossiliferous lime-
stones. In the southeastern part of the State, the upper beds of the group

2 Thwaites, F. T., Paleozoic Rocks found in Deep Wells in Wisconsin and Northern Illi-
noig: Jour. Geo., Vol. XXXI, No. 7, p. 540 (1923).

% Smith, R. A., The Occurrence of Oil and Gas in Michigan: Mich. Geol. & Biol. Survey,
Pub. 14, p. 23 (1912). .

% Robinson, W. I., Unpublished manuscript.

Case, E. C., and Robinson, W. I., The Geology of Limestone Mountain and Sherman Hill in
IIIoGug(hgon County, Michigan: Michigan Geol. & Biol. Survey, Pub. 18, Geol. Ser. 15, pp. 174-
76 (1915).

* Ulrich, E. 0., Communication on Ford well, (1917) : also tentative correlation of named
Geologic Units of Michigan, compiled by M. Grace Wilmarth (June 1, 1929).

* Husgey, R. C., The Richmond Formation of Michigan: Cont. from Mus. of Geol., Univ.

of Michigan, Vol. I1, No. 8, p. 150 (July 15, 1926).
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may contain red, purple, or green shales which disappear almost entirely
on the west side of the southern peninsula. The Cincinnatian series is
commonly from 570 to 610 feet thick in southeastern Michigan, 360 to
390 feet in western Michigan, and 170 to 250 feet in northwesferﬁ Michi-
geay?(;e Ol;hgeéa;k of red and green color seems, therefore, to be due to ab-
- The' Dtlca~QOIIing\x'00(1 formation is gray to black bituminous shale and
its thickness is generally 50 feet in the Upper Peninsula and from 100
to over 200 feet in the Lower Peninsula. The formation is not exposed
bpt Collingwo00d?® fossils have been found near Newberry in drift mate-
rial, and from these fragments the approximate boundaries can be somé-
what accurately traced in this part of the northern peninsula.

The presence of the Lorraine formation in Michigan is questionable
and, althou'gh Eden was recognized from well cuttings and Eden fossilé
were deoscrlbed by Rominger?® there is evidence from later work by
Hussey®® that the Bill’s Creek locality represents a stage of the Richmond
The rocks considered to be Lorraine age consist of blue fossiliferous s‘halé
nelar gle top, black and gray shale near the base, and are very dark
gi)igﬁ’fga]?hen wet. They are from 200 to 300 feet thick in southeastern
. The Richmond beds have been divided by Hussev?! in as i
into the Bill’s Creek, Stonington, and Big Hill Ir{embrér{;.%ce’lll‘ﬁlengo?:ll;d?:
thin bedded, often very fossiliferous soft shale which contains oceasional
hard laye}“s. Numerous thin strata of argillaceous limestone are inter-
bedded with shale. The color is dark gray to dark chocolate brown on
fresh. su'rfaces but invariably bluish after weathering. Locally the
bedding is even but more generally it is irregular. 7

The upper part of the Bill’s Creek formation is correlated with the
I\nguqketa Sha'le, but the lower part, together with the Stonington and
Bl.g Hlll beds s more definitely Richmond age. The Richmond rocks of
Ml?hlgan contain faunal elements resembling forms from southwestern
Oh'IO })eds and the Elkhorn (Upper Richmond Group) of Indiana and
Tllinois. Some of the Michigan fossils also bear strong resemblance to
those frqm equivalent strata in Wisconsin.

The Richmond-Queenston rocks are different in southeastern Michigan
where the l?eds are red, purple, and greenish. The beds when separated’
on the basis of color, amount to 275 feet at Chesterfield (Macomb
County) ; 190 feet at Dearborn (Wayne County) ; 60 feet at Dundee (Mon-
roe County) ; 10 feet at South Rockwood (Monroe County) ; and 40 feet
at St.rasburg (Monroe County). These figures indicate a, pronounced
%}élnnmg of the red hori‘zon from Macomb county southward through
thg}:sgs%nai 3[(1)11;?2}? vffgls];]tle& The Cincinnatian series as a whole thins to

SILURTAN

The Silurian rocks of Michigan congist lar i i
. Tichi sig gely of limestones, dolomit
and products of evaporation such as salt, gypsum, and anhydr’ite. Xl f::s;

* Ruedemann, R., and Bhlers, G. M i N i i
Cont. Michigan Mus. of Geol. Vol. 11,"1\90c.cg,r oo, %zzo-flgh%?]?;migsgi?d Formation in Michigan :
gllllsosl%yi', R. Cé Pler%?na}l communication. ) ’ '
nger, Carl, Geological Survey of Michigan - Vol. I
Ofa;\/,[}ilcliﬁsem R. C., The Richmond Formation of Michigari: 'Cft))irt? g(l)ymp%iu’ésl-%% ((}1@%’173)U i
Michigan, Vol. 1L No, 8, p. 181 (July 15, 1926} ' v
Hussey, R. C., Op. cit,, p. 120.
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shale beds were laid down during the ecarly stages of the period. Appar-
ently Silurian time marked the beginning of conditions which were dupli-
cated throughout the area several times during the remainder of geologic
history. Isolation of the Basin occurred periodically to such an extent
that conditions of evaporation recurred in the three successive Devon-
ian, Mississippian, and Permo-Carboniferous (?) periods at times when
no exactly comparable beds were deposited in the adjacent basins of
deposition. The tentative correlation of the Silurian formations in the
states of the Michigan Basin province and New York is shown in Table
Iv.

The Cataract formation at the base of the Silurian is not exposed in
Michigan so far as known, but rocks of this age have been identified
from well cuttings at various places in the sonthern peninsula and were
first recognized in 1914 by R. A. Smith. The formation outecrops on
Manitoulin Island, Ontario, and the exposures and fauna were described
by Williams®2, who differentiated the basal Manitoulin limestone and the
Cabot Head shale members and referred to their original descriptions®3,

The Manitoulin member is gray to cream colored magnesian limestone
or dolomite and the color is so very characteristic that the formation is
readily identified by the examination of well cnttings. The exposed sec-
tion is described as “a resistant, thin to thick bedded, gray or buff
weathering dolomite, which when fresh, is hard and of light, blue-gray
color. . . ... .. The contact with the underlying green Richmond shale
is sharp but the basal Manitoulin dolomite is somewhat argillaceous.
The two faunas have practically nothing in common.” :

The Manitoulin varies from 40 to 50 feet thick in the southeastern part
of the State, 90 to 100 feet in the south central part, and 130 to 150 feet
in the northwest part. Minor variations in thickness are possibly due
to the coral and bryozoan reefs described by Williams?4, but in general
there is a progressive thickening to the northwest toward the Upper
Peninsula. At Seul Choix Point near Manistique, Schooleraft County, 50
feet of strata are correlated as Manitoulin, indicating that the beds are
thinning again. The formation has been found in every deep. well drilled
and probably underlies the entire Silurian area of the southern peninsula
of Michigan, and southwestern Ontario. The Manitoulin beds are corre-
lated®® with the Kankakee of Tllinois and the Brassfield of Ohio.

The Cabot ITead shale is more variable in lithology than the Manitoulin
member. The beds usually consist of red, purple, and greenish gray limy
shales, and isolated dolomite lenses or lentilles are described from the
type locality. The thickness ranges from 25 to over 100 ‘feet in wells.
The average is about 70 feet and the thickest series was found in the
south and southeast part of the state. This contrasts sharply with the
Manitoulin which thickens in the opposite direction. The shades of color
are also less pronounced in the western part of the synclinal basin.

A definite correlation has been made between the Cataract in Ontario
and Michigan by identification of faunal species from- well cuttings.

32 Williams, M, Y., The Silurian Geology and the Taunas of Ontario Peninsula, and Mani-
toulin and Adjacent Islands: Canada Dept. of Mines, Geological Survey, Memoir 111, No. 91,
Geol. Ser., pp. 28-39 (1919). ] )

3 Williams, M. Y., Manitoulin: Ottawa Nat.,, Vol. XXVII, p. 37 (1913).

Grabau, A. W., Cabot Head : Bull.. Geol. Soc. Am., Vol. 24, No. 3, p. 460 (1913).

3+ Williams, M, Y., Op. cit., p. 28 (1913).

3% Savage, T. C., Silurian Rocks of Illinois: Bull.. Geol. Soc. Am., Vol. 37, pp. $513-533

(1926).
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Ehlers®® examined samples from St. Clair and Dearborn in 1923, and on

S E- 3 S?%’ Sila £ the discovery of Sceptropora fustiformis (Ulrich) and Dalmanella aff.
s O 2|OZEEE|T| & & Q eugeniensis (Williams) pronounced them “Cataract.”

s |8 §5 §5§$% = & g 8 g The Niagaran rocks of the northern peninsula have been divided by

g KB R0 &l g gl g Ehlers into the Clinton and the Lockport groups. The Clinton includes

il a the Mayville dolomite at the base, and the Burnt Bluff and Manistique

limestones and dolomites. The Ingadine dolomite is about equivalent
to the Racine of Wisconsin and Illinois, a portion of the Huntington of
Tndiana, and probably parts of the Guelph of Ontario and New York.
There is a difference of opinion about the Burnt Bluft and Mayville being
equivalent to the Clinton of New York State. Cumings®® believes that

/
/

Ubpper coral beds
Lower coral beds

g
Z
=]
g these strata should be correlated with the beds lower in the scale, pos-
B sibly the Cataract of Ontario. In 1930, he stated38, “the Mayville and the
8 3 Byron are believed to be western calcareous equivalents of the entire
= Sl 2 = Cataract formation of Ontario and Manitoulin Tsland, and may rise even
3 s|E | 32 8t into Clinton and Rochester horizons.”
E R 3 g;g The rocks of Niagaran age outcrop in two widely separated areas in the
- 1 . )
T N T A R northern peninsula. The larger of these forms a broad arcuate belt ex-
g s ] ° tending from St. Martin, Poverty, Big and Little Summer Islands at the
g 3 % g 3 trance of Green Bay to the eastern side of D d Island. Th
£ &le g S entrance of Green Bay to the eastern side of Drummond Island. e
5 | = 8 : ; 3
= E1% g |E s éa: smaller area is located in southeastern Houghton County about 117 miles
S Y D af LA S g F from the nearest Niagaran rocks which are to the south and probably
represents a Paleozoic outlier protected from erosion by down folding or
= a series of faulting movements.
g - R The Mayville formation was first described by T. C. Chamberlin®® and
E ° £58 5 g: can be traced from northeastern Wisconsin into Michigan. The rocks
~ g g %’2 o |8 are mostly thick bedded dolomites with uneven structure and rough
3 E52 S |z pitted surfaces on the weathered ledges. The beds are gray, light buff,
“M\ S a8 yellowish, and cherty. Scattered outcrops extend from the head of Big
. T N D R Bay de Noc, northeastward and then easterly to Drummond Island. The
5 . . .
Y thickness is from 50 to 100 feet and increases westward toward the
os 88T . . .
o |gRAgT - ~ Wisconsin line
Sudg £ = X .
5 ;g@;gg . g e - 2 In 1921, Ehlers*® correlated the rocks of the Burnt Bluff formation as
§§§;5 g §~§ ‘5:3) £ % follows: “The overlying Burnt Bluff formation seems to be limited above
A ] 35|55 g s by a disconformity, and without doubt is a northeastward extension of
w | & a ) > .
I T e e oI RN S S the Byron, Transition, and lower part of the Lower Coral Beds of Wis-
. ’ . ? p- . 0 .
o 7 EE consin. Certain beds of the formation, that is, the Fiborn limestone and
E =~§* - 5 83 the upper part of the Hendrick’s Series of R. A. Smith’s tentative classifi-
- + 2 = . - .
g £8 g8 ) é I § §§§ cation, are regarded by Savage and Crooks as being of .Alexandrlan age.
L% 3z |Ig] ¢ S| E 8 The Burnt Bluff formation, which includes these beds is thought by the
“m 3 51 2 ol =2 o0 N . ’ vug y
. A &| O = writer to be of Niagaran age.” Recently Ehlers?!, has included the
. } ase M :
B B S — Hendricks and Byron as individual members of the Burnt Bluff forma-
228 2 la < tion. Excepting several limestone beds of the Hendricks member, the
TEAET o G w EE| . . . . . . ?
5;:;‘;?“:5 N &gg—g I3 lithologic character of the Burnt Bluff formation is persistent for long
Sag =S|y S8C . . N : . .
q |“ETgE £ 523 S B8Ees g8 distances. The strata consist of variable limestones and dolomites with
[} w‘e:!hg ] g 2z h,g @ D'Sﬁg"" ﬁgoﬂ . . N .
g | BALES % S,, £S3 €| ES3 a?% §2§§ some shale, and dolomite in many places grades into limestone along the
s |A 3 ¢ | 5 5° S
S S M - &R S0 3 Ehlers, G. M., The Presence of Cataract Strata in Michigan Supported by Faunal Evi-
—~ = dence: Michigan Acad. Sci.,, Arts & Letters, Papers, Vol. 3, pp. 281-283 (1924).
L5 a= o o= 37 Cumings, E. R., Written communication (1931).
gg: gg gq) &8 ¥ Cumings, E. R, Two Fort Wayne Wells in the Silurian and Their Bearing on the
g5 b=t ] ggggg Niagaran of the Michigan Basin: Proc. Ind. Acad. Sci., Vol. 39, p. 198 (1930).
g‘v g}% gqaq 332;??‘{15211?2?71%1)1, T. C., Geology of Hastern Wisconsin: Wisconsin Geol. Survey, Vol. II, pp.
] O~ Y g - .
o 4 b=l * Ehlers, G. M., Niagaran Rocks of the Northern Peninsula of Michigan: Abstract Bull.,
Geol. Soc. Am., Vol. 32, pp. 128-130 (1921).

4 Bhlers, G. M., Unpublished manuscript.
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bedding. The type section of the formation is at Burnt Bluff on Big Bay
de Noc, and the top is clearly marked by a massive, coarsely crystalline
lighe brown dolomite of the Manistique tormation containing molds of
Pentamerus. This section is 248 feet thick, which includes the Byron
member with 117 feet of thin-bedded and laminated light gray dolomitie
limestones, and the Hendricks member with 121 feet of strata, containing
a greater number of dolomite beds. Thick beds of brown dolomite are
‘prominent in the upper part but in the lower part there is more lithologi-
cal similarity to the RByron member.

Between southeastern Schooleraft County and southern Chippewa
County most of the Ilendricks strata are comparatively pure limestones.
Smith** named these pure limestone beds in the upper part of the Hen-
dricks the Fiborn limestone, These beds are buff fo grayish buff dense
grained. to lithographic limestone con faining small disseminated crystals
of calcite. Smith observed the possible Ienticular nature of the Fiborn
and stated that, “further field work and faunistic studies . . . . may show
that the Fiborn limestone should be included in the Ilendricks Series.”
Savage and Crooks® also favored this explanation of conditions and the
detailed work of Ellers** has added further supporting evidence.

The Rochester formation has not been found exposed in Michigan,
but both Lane and Smith+s correlate cuttings from wells with the Roches-
ter of New York. Williams® believes that the formation thins westward,
but recently Cumingsi? points out evidence that the Mississinewa shale
which probably extends into southern Michigan, has Rochester affinities.
On the basis of lithology and stratigraphic position, beds ranging from
10 to 50 feet thick which have been cbserved in wells in western Michigan
( Muskegon, Newaygo, Ottawa, and Oceana counties) are correlated ag
Rochester.

At the type locality®® the Rochester shale is 85 feet thick and consists

" of fissile, dark gray shale with some caleareous beds, In the entire State
of Michigan, the beds correlated as Rochester are from 30 to 80 feet thick
and contain blue shale or shaly limestone. Occasionally the horizon is
absent.

The Manistique formation is exposed over a wide area and forms
regular and pronounced escarpments or cuestas across the northern penin-
sula. The best outcrops give rise to bluffs on the west side of Garden
Peninsula, near Manistique and Gonld City, north of Engadine, east of
Trout Lake, at Rockview, and on Drummond TIsland. The formation was
defined by Smith® as a thick succession of dolemite and high magnesian
limestones extending from the base of the Engadine dolomite downward

# 8mith, R. A., A Report on Michigan Limestones ; Michigan Geol. & Biol. Survey, Pub.
21, Geol. Ser. 17, DPart 11, pp. 153-156 (1915).

‘®Savage, T. B., and Crooks, H. F., Early Silurian Rocks of the Northern Peninsula of Mich-
igan: - Am. Jour. Sci., Vol. XLV (195), p. 62 (1918).

M IEhlers, G. M., Op. cit.

* Lane, A, C., and Seaman, A, I., Notes on the Geological Section of Michigan ; 10th Ann.
Rept. of State Geologist, p. 56 (1908).

Smith, R. A., The Oceurrence of Oil and Gas in Michigan: Michigan eol. & Biol. Sur-
vey, Pub. 14, Geol. Ser. 11, p. 24 (1912).

* Williams, M. Y., The Silurian Geology and Ifaunas of Ontario Peninsula, and Manitoulin
anid 2adjlﬂci\3§ Islands: Canada Dept.. Mines. Canada Geol. Survey, Memoir 111, Geol. Ser. 91,
p. 52 (1919).

Y Cumings, E. R., Silurian Studies. Two Fort Wayne Wells in the Silurian and their bear-
ing on the Silurian of the Michigan Basin: IProc. Ind. Acad. Sei., Vol. 29, p. 196 (1930).

Cumings, E. R., and Schrock, R, R., Geology of the Silurian Rocks of Northern Indiana :
Dept. Conxervation, Div. Geology, Indianapolis, Pub. 73, pp. 62-68 (1928).

0. 8. Geologieal Survey, Niagara Folio No. 190, p. 7 (1913).

#8Smith, R. A., A Report on Michigan Limestoney Michigan Geol. & Biol. Survey, Geol
Ser. 17, Pub. 21, Pt, IT, p. 152 (1915).
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to the top of the Fiborn lim]estofr%e. El{)]ers50 later divided the Manistique
i ‘ordell and Schoolcraft members. . B
mJEthl’fllicc?mess of the formation is_about ISQ feet ’and 1nvlcl‘1t1des1.d§1toln11’;es
and dolomitic limestones varying in color from pure white, lig 2 f‘g iy,
dnd buftf to blue, dark gray, and brown. The texture is earthy or 1nety
21-Vstalline to coarsely crystal.]i.ne, and some mas'sn'? Ee‘dseaasrtiﬂly)sisli?sé
Mhny of the beds are very f(1§s1]1fe1-01ls, e.sp‘emall)‘f in T ec“a eas 11 ‘County
which occur two or three miles north of I‘Lngfld}pe 1%1 Acac A 4 s
and about seven miles north of ngarvﬂle in (,,luppe?xa vound)].mnded ge
number of the beds are dense with conchoidal fI“stl(liI‘Ol a‘n nd¢ ed or
laminated; others are granular, extremely cherty, nodular, a
&]]'ll‘clifeieglafgfssﬁ(slue correlates with the Coral Beds =(?K7é1§rl(e§‘lla)j£quzéﬁ
consin and the Liston Creek of Indiana, which according ;0 1/unéefgkcoral
Schrock® oceur “inter-related to the pronounced unusua 7‘11*1 ol
structures.” Cumings® believes that “the coral beds (LO.IEISJ(XI t%e isten
Felfable and easily (raceable horion o the eit're Niagnran. n the Michs
-eli nd easily traceable horizon in the entire Niags . he A
lgt;lrlla%zgndregioi, they constantly occur imm‘edlatvely_ ber;ea‘;{l;1 ogtv ;egysf
massive, saccharoidal, light gray, pure dolomll‘(e,yxar’l,ousy

Racine, Engadine, Lockpor't, and Huntington ( ()r\\r.er). ¢ the Nincaran

The Engadine dolomite is the uppermost foynla,tlor}clo o e o %On of,
equivalent to the Racine of Wisconsin, a portion of 1ef Omtl i(g); oy
Indiana, and possibly the lower part of .the Gl‘lelph o] n arar. e
formation crops out across the Upper Peninsula in a bro {GI} (fscd pChi ;
from Seul Choix Point, Schooleraft County, to Dl*llmmf)nd d'S an Iiextog
pewa County. It is extensively exppsed .?t or near Engg gleé e and,
and Garnet; north of Hessl?],I)Cedam'lllie,lhlgggs Creek, an etour;
the southern shore of Drummond Island. )

al(’)lfiiqe Engadine strata co‘nsist‘ of very ‘ghick a,nd‘n?as_sllvei llnqc}ls O*fhik‘lciri%
crystalline, saccharoidal dolomite \.\'h](fh Is pred()mmam v b 11151 x§ He
color. Some beds are mottled 1’)1111sh.wh,‘re and very hg‘ht g,layt, (g})ds he
mottling resembles marble. \Veaﬂlermg cha'nges the })hush whi e) f ‘the
light buff or brown, but the w%nte color is presel'\—ed on 1?101?1;0f e
weathered surfaces of the dolomite, {H‘ld the huge detached 0(1. ks)o e
rock can thus be recognized for long (h's‘rances. Some qf fhc? -bveff Sl(,on '[c‘he
many cavities, which are generally lined with dolomlltelf(fyvs;z} S.)OOI"]V
Engadine is normally pure dolomite, and the beds d1§lp dfy, \{/I.ﬁ %omi{e
developed irregular jointing. Thg massive cha "acfer o}"‘ t 1Ye. f1tes11 (:(ensive
is usually changed to a very thin agd even~be(}ded 1.0¢1, 3 51 Aexwh ive
weathering. Occasionally sand grains are dls‘semn}‘a_tc nyou,t, e
beds, and the rounded and frosted surfaces of the grains sugges
action. ‘ . )
dcftl‘l(;elzl dark argillaceous dolomites of Salina age overlie tlf\e -Lln-gﬂadlneﬁlf)gg
the contact of the two formations_has. never been seen 1n.Ah(j nbt?n‘ el
cuttings show a marked change in lithology at this p(;mt Em (11?112 atl
graphic sequence and a rather exact separation of the 1nga he and
Salina can ordinarily be made on this basis. The individua 1me];cil :
the Niagaran are not easily distinguished in well cuttings. The blue-gray

ZS (Ej}hleg's, ﬂGlI?f“.ﬁu?llx)ll(llblésc}llﬁgcrl?,a?{l.lslc{{lp(t;:eology of the_ Siluriag Rocks ogfr)gorthem Indiana :
Dept; 1181()1:1]5&1‘7&&01{: S Ge(’ls(}tg“& lndi’&]g?vaop%l‘i)?t ]\)\l}‘?'vn'ze“'\&%]iiq]ig;lgvtlhee‘l S(illur“iazl' and their bear-
o i . R., Silurian Stuodies. ) ay s i 1 o |
ing (?r;n?ﬁggssi’hﬂ'i;;’oflt?le Michigan Basin: Proc. Ind. Acad. Sci, Vol, 39, p. 193 (1930)
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color and fineness of drill samples characterize the Engadine (Guelph)
and variable gray colors characterize the Manistique, Rochester, and
Burnt Bluff formations (Lockport-R()(:llester»Clinton). The thickness of
the entire Niagaran series ranges from 100 to 130 feet in the southern
part of the Lower peninsula, 140 to 300 feet in the central part, and up to
420 feet in the northwestern part. These figures indicate a progressive
thickening of the Niagaran to the northwest in a similar manner to the
Manitoulin dolomite. The Niagaran of the northern peninsula is com-
posed of about 600 feet of strata.

The Salina formation is more extensively developed in the Michigan
Basin than any other region. Although its maximum thickness has prob-
ably never been penetrated by wells, over 1,200 feet of Salina has been
found in the western part of the state. The presence of an additional
500 feet of Salina strata in the central part of the “basin” is suggested
by convergence studies.

The formation first named by Dana in New York in 1864 was deseribed
in Ohio by J. 8. Newberry™, and the series was later recognized in Michi-
gan rocks by A. C. Lane™. The yocks of this age may possibly be included
in exposures in the St. Ignace peninsula region of upper Michigan, but
the type locality ‘s in northern Ohio on the peninsula north of Sandusky
Bay and at South Point on Put-in-Bay Tsland. Williams™ has described
the Salina rocks in Ontario and the distribution and correlation of the
Salina beds in the surrounding states have been discussed at length by
Alling?s,

The character of the Ssdlina rocks is variable. The formation usually
contains buff to brown dolomite, anhydrite, gypsum, and salt beds with
minor amounts of red, green, and rarely blue to black shales, and dolo-
mitic marls or oozes. In the western part of lower Michigan, pink and
red dolomites associated with light greenish buff dolomites are invariably
present near the bottom of the Salina. These red strata may possibly
be Clinton in age. The salt beds are absent near the margin of the
“basin,” and several writers? have outlined the area supposed to be
underlain by salt. (See fig. 9). Cook™ described the Salina rocks in the
deepest part of the Michigan synclinal basin which had been explored up
to 1913, These individual salt beds may differ slightly in stratigraphic
position because of their formation in separate basins of evaporation.
Minor salt beds also occur which cannot be traced over wide areas. The
thickness of the larger beds is usually over 200 feet and this increases
locally up to 300 feet. Cross sections show how the thicker salt beds
persist and diverge into the center of the basin area, (See figs. 10 and
11),

% Newberry, J. 8., Ohio Geol, Survey, Vol. I, Pt. 1, pp. 68, 182 (1873).

5 Lane, A. C., Report of State Geologist of Michigan : Michigan Geol. Survey, Rept. for
1891-1892, pp. 66, 67 (1893).

% Williams, M. Y., Op. cit.

5 Alling, H. L., Geology and Origin of the Silurian Salt of New York State: Bull. New
York Statfe Mus., Pub. 275, Dp. 7-22° (1928).

% Smith, R. A, Mineral Resources of Michigan : Michigan Geol. & Biol. Survey, Pub. 35,
p. 36 (1924), (Discussion written by W, 1. Robinson).

Cole, L. M., The Salt Deposits of Canada and the Salt Industry: Canada Dept. Mines,
Mines Branch, No. 3825, p. 20 (1915).

Alling, H. L., Op. cit.,, p. 9.

Newcombe, R. B., Mineral Rescurces of Michigan with a report on Oil and Gag Develop-
ment: Michigan Geol. & Biol. Survey, Pub. 37, p. 91 {1628).

hiens . ariT——— Interpretation of Recent Discoveries in the Salt-Bearing Rocks of
Michigan : Michigan Acad, Sci., Arts and Letters, Vol. XI1, p. 249 (1930).
P 5; Cfgkﬁg'lés\y" The Brine and Salt Deposits of Michigan : Michigan Geol. & Biol. Survey,
ub. 15 .

rocks in Ohio. woe” | ’ seded
]Iomiltenllgasq Island dolomite or Bass Island series proposed by Gra
v »

nppermost Salina.
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The Upper Silurian rocks of Michigan were first named the “Monro

s” by Lane®® who included under this division all of t(lile se)ctmn from
ped )of the Niagaran to the base of the Dundee.’(()nqn aga). Jrahau
thc’“:? 76T more definitely limited the “Monroe’ :c’o its present tatus
an(f ?“lt(;lrlzlm‘” suggested the term Monroe “division” for the equiva
anag Ld o 8 >

Grabau

igi Lower ‘0¢” has been superseded
The original term “Lower Monroe” has I

i ined®, is rather indefinite
The base of the Bass Island formation, as defined®, is re

1 ca (o] § be 114 I e 1) 11\111g 1he tOp ()' the 11]5‘ Sdlt bed as ‘he
anda an 111 ()‘e min )d y N

This is a very uncertain method of s_epgatiﬁlgtrt(gi

-0 formations because the existence® of persistent 'saltt in reu(; erno
t“; b')er is liable to cause erroncous correlation. A(:cordln%t ? “bqse pirn
gii;“ed’ e ol thel Batszgglz%gﬁ (1#.11;[5@1; (z)fthsgr ré(l)ial;]e criteria
AT re) is generally about et. U S ¢ 2
w;llz)‘ill)g\ (;T): wﬂ]b be necessary to define the formation on the same bas
are ,

S e' = . . . .
S ass Leian ite i ¥ % into four subdivisions:
The Bass Island dolomite is separated

i feet
Rasin River doloml‘re ........................ ]238 fget
Put-in-Bay dolomite ... . .. L .. 00 root
Tymochtee shale ... ... ... .. ... ... .. .. .. Loy seel

Greenfield dolomite . ... ........... ... ... ... et .
The Raisin River dolom‘te is the only merpber exposedh in )ix(tz}ng%r&r(}lit
incom iete section® of the entire formation was studied at the ot
e mclorg‘[? The other members of the formation outerop in vves‘cerj;nIa‘:l nd
?a];ﬂf\:ist'ern Ohio, as well as on the isiands in the westerrll) e?ﬂdiﬁacéous
g‘?ﬁie/ The formation as a whole is composed of grayttoldrabe:ng()bserved.
golox'nite gypsum, anhydrite, and some shale. Flu'orjl) e labSrOC(‘ithed rod
The beds, are usnélly thin, compact, an‘d often f)O]ltlL or Molnfo(e Cileboy-
breceiation is very characteristic and is consplcuouf1 mSt Ignaée Leboy-
:fan and Emmet counties, Mackinac Isiand, nndioél‘ ]erellé e o
s la. This same type of breccia is also encountered in wells. Ren drillies
form tion is noted for its hard compact texture which ma S Iriifing
fOr’madilr?ﬁr(lzuIt The oolitic beds are characteristically underlauit I;y.rns ne
;;??ifned dolbfnites which show gnarled, mottled, and streaked patte
Y f color. ) ) _
bll'll’ehzl n(greg;?%e;)(;l f(fio(i?)mi‘te is a drab, fine grained f)lolom}te l:z;t}lclhiccalt{rbl?lxllt
aceous partings and commonly occurs in bedsrfrom 2 t.o 6 ltnlcod ! I;]tra-
iocally there are more massive beds which forn} pror;ulrllfeenarea;g hz.we- e
formational brecciated beds and stromatoporoid reef-

% Lane, A Report o tate Geo 18t O Michigan Michiga €eol. urvey, p.
C ort of Sta logis f Mic an : C n Geol. S 66
=) -

——————————— i X 26-28 (1895).
1891-92). ice 4 Michigan: Vol. V, Pt. II, pp. (18 and
( 3 = _1(;;golgﬁt\crdylorsu\ve"rlffThflz f\Ionroe Fgrmthlonseorf 1S0(ultélle(§§l Michigan
G?Grflbf‘]ﬂ f}fons Y i\lichigah Geol. & Biol. Survey, P}]‘b.. d,OGl‘rl(ig - Ser. 1 G0 Vol 35, No. 6,
A%Jloé{lxlrr;gan et:T Ernest, The Monroe Division of Kocks in : -
( e Y i iluri y : st.
PP; 481»5061\}19207)’ A Revised Classification of the North American Silurie System:
02 r onroe—-4 Vs S sl . .
o Iﬁ?wsé_ nd 2§’ fo 62%\”63(\390[?1)@01" Situric Fauna from Southern Michigan: Bull. Geol
Bass Island Series— > ‘ ' ne g
Sog A, VoL 19Yap1i(1;)5s'%ea(§1?1?19):&. E., Notes on the Geological Section of Michigan:
»Lane, A Co an Geologist, pp. 62-67 (1909). in the Salt-Bearing Rocks of Mich-
Ann. Rept. o R. B., Interpretation of Recent D]SO?\(}I‘I(‘S 5550 Ti8309 "
ig;;Ne“’\'ﬁ)cIﬁ%ﬁén Acad. Sei., Arts and Letterts, V%l. éé'zlip' 239- ‘ s e
Sral < i y . cit., . 2741, . 1, .
ﬁz (q}lxl'abau, %7 }’-&I’.’ géloelx;)zf?;"yozvi\'g}leo&)unty :p Michigan Geol. & Biol. Survey, Pub.
Sherzer, W. H., 2

Se%a% I(z;il%ef?tl Iﬁgél%z)i'ft ot the Detroit Salt Company :

Eng. & Min. Jour,, 91, p. 565 (1911).
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found, and a green shale is at the hase in its type locality near Greenﬁeld, P 2 8 slg o %”Q
Highland County, Ohio. This member seemed to be absent in the Detroit 5l %ﬂ@ g g;; E - = 3 § e85
Salt Shaft and this condition, together with the occurrence of other thin Z 2 ES g ») E8S £ | 3 ARt
sections of the Bass Island rocks found in wells, suggests that the Green- 5 § gé s E é’éﬁ % S 2|0 & |C|E
field and perhaps higher heds rest by overlap on the Salina. .
The Tymochtee shaly dolomite seems to have been identified from well o 8
cuttings, but the formation does not outerop in Michigan. The Tymoch- g :::}
tee beds have never been observed in contact with the Greenfield or g E
Putin-Bay members and itg stratigraphic relation is somewhat uncertain, E g
Possibly the Tymochtee represents a shaly phase of the Greenfield but Cos ]
Carman would prefer to continge its classification as a separate mem- 5 £ E|l.2[3
ber. The rock is described as a drab shale with bituminous films, weather- Z E gl = gl %0
ing blue and chocolate. The shale is very dark colored in places and £ 5 7 Z % 5|E%|E
resembles the Ohio shale. S 3 3| & 5 s1g§5|3
The Put-in-Bay dolomite consists largely of fossiliferous waterlime S
which is well exposed on Putin-Bay Island, one of the Bass Islands in x| =
western Lake Erie. The rock is typically a gray-drab, brecciated, rough % h;g’ g 23
textured, massive dolomite that weathers with a knobby surface.” Some g g8 58 ClzE| 8 2
. . . . 3 -39 29 5|89 | a8 ©
of the beds are thin and apparently all of them were 1aid down in this g 2 28 & Z% | &n £
form. The beds are rich in celestite (mineral strontium sulfate) as well = ES z2 & £0 | 8¢ i
as fluorspar, and two horizons of breccia have been observed at several z= * sl s
éxposures. The contacts with the Greenfield and the Tymochtee have not t
been found, but the thickness probably varies from 50 to over 100 feet, g ~ . g 2
The Raisin River dolomite is extensively exposed in the vicinity of A EE % & e w2 B 9
Monroe and along the Raisin River in eastern Monroe County, Michigan. S| 2|88 E = g g5 _gje 589 g
The member usually has a thickness of about 200 feet, and there are ] 91Tk g é" z 8 e £)554 |z
several oolitic zones. The rock is commonly blue gray to drab, banded | £°° 7 Q0 dla ®
and argillaceous dolomite with humerous carbonaceous partings along >
the bedding planes. The Raisin River member contains layers or zones E 30
of variegated dolomite which are dense, compact, break with conchoidal £ g . @ g Eeox
fracture, and resemble castile soap in color. The intimate character of 2 2 = & o gg > Ew§§§ g
the oolites has been studied by Sherzer® who concluded that their origin g g 5‘295 g § <8 g E8593 | &
was similar to the oolitic sands of the Great Salt Lake, Utah. He helieved °© -8 Eggg g s188 B 53458 1
that these beds were Very possibly laid down in bodies of water tem- ;0: e mESE © Ao © A %
porarily separated from the open sea and resulted from g secretionary
growth of calcium carbonate caused by colonies of algae. The alter- b )
ation of this calcium carbonate to dolomite ((Ca, Mg) CO3) has some- o g 8 o £ ) Bei
what modified the original physical structure and conceals its identity, ES g R E%&.s%_a g |58, 828 .
DEVONIAN = £3 EE8 F1E (& |E|gR<<k 2
5= & mlA (& [o]A” n
The Devonian period opened with a basal deposit of sandstone and ‘ =
ended in a widespread series of black and gray shales. Early in Devonian ‘ g
times the Salina was apparently reworked and conditions favoring evap- g a ®
oration were again in force, The Middle Devonian was essentially a time & 4 £ £
of limestone deposition, and the great thickness of Traverse and Dundee §g§ g b 5
limestones is typically developed in the Michigan Basin area. The cor- 858 £ 52
relation of Devonian rocks in Michigan with the adjoining states, and 5 .
the typical New York section is shown in Table V.
The Sylvania sandstone was laid down on a relatively uneven surface = % é
2 =1
 Carman, J. Ernest, Op. eit., p. 489. g g é
% Sherzer, W, H.. Geological Report on Monroe County - Michigan Geol. Survey, Vol. VII, E ~
Pt. 1, p. 62 (16007,

*Ulrich places Chagrin below Huron
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and rests on different members of the Bass Island for i : 69
who foqnd Detroit River fossils within a foot of the baéréa(ffl(icllll.e fg?;nn;?i%n,
determined the age of the Sylvania as Devonian. He also believed that,
the sandstone was only locally of wind blown origin and that as the sea
transgressed over older beds in the northwestern Ohio region a thin laver
of wmd»\yorked sand was redeposited under water. T -
A detailed study of the Sylvania by Grabau and Sherzer? produced
evidence in support of its aeolian origin. The rock consists of remark-
ably pure white quartz sand which is usually but slightly coherent. Bind-
ing material when present consists of dolomitic cembent.b The grains are
frosted and well rounded, giving evidence of wind action. The sandstone
may grade into dolomitic sandstone, arenaceous dolomite, and white
cherty dolomite. Often the Sylvania is separated into two or more thick
massitve sandstoue beds by layers of siliceous dolomite. Sometimes
strat}ﬁcat}on is obscure and the beds range from a few in.ches to a few
.fee't in thlckngss. Cross bedding at unusually high angles is character.
istic. The grains are somewhat uniform in size, ar?d secondary rz)wth of
?‘I;laii'ézqil('iound ge original grain is common. The color is g‘e‘nel(%ally very
y and spar 1 ) 8¢ i : :
orTgranulatéd suﬁ’f ind the sand is often compared to snow, flour, salt,
he thickness is usually 100 feet or less but locall
sa.ndstone' may be replaced entirely by white Chertx}: 3‘171((3111 S,Qi??cefsgg d’—(?lk(l:f
m}te and is not easily recognized in wells. The formation is widely dis-
tributed throughout the Michigan Basin and practically all borin yth t
go degp enough encounter beds which in some way resemble the S glian'a
Even in southwegtern Michigan where much of the formation seen);s to Ibt
gigl?ffge(?geg pngﬁlt gfeein shalle, occasionally well rounded sand graing
m the shale. The absence of water j ion i
some wells.nearl')y those having a large flow is additi;?la?leirifioer;?gttlﬁgt 11]%
was deposited irregularly and on an uneven surface. The Sylvania
brines are strongly sulfurous, and masses and veing of celestite (%rSO
and native sulfu‘r are common in the rock. Weathered ex osu;*e ‘)
str'eak(?d and stained a brown color from iron compounds dergved bs %lll'e
reduction of dlssen_u'nated pyrite and leaching of iron from 0§7erburd€n ‘
A belt of Sylvania which is mostly drift covered, extends nor‘the‘aste‘f‘l
through Monroe‘ County. Outcrops are not abundant but on account ¥
its unusual purity, the sandstone where it is at or near the f H
worked for glass sand, Turtace s
The Detroit River formation rests unconformab i
:gﬁg:w%}héu}d is typica‘llydthe Michigan represengtﬁiof)fﬂé}elesﬁgzﬁég
. our recognized members in ascending order consist of
Il«jllligslii%(ilém(}géom%‘fé (;&l?i(ilirgoon litr.nestlone, Amhersthurg dolomite, ;Illlg
. e formation is no & i
geciz;u]s?e' somle Olf the lower members are elilltligrlll‘z:"(;gsbgrﬁieeﬁfazs d’%shcg I%Ge(i
"0t hiaver beds are made up of gray to buff, granular db]o. it '
nesian sandy limestone, pure coralline fossilifex,‘ous 1 ' shaly Tins.
stone, anhydrite, gypsum, and rock salt. ronce of shaly Hhme
ﬁn;g t(i) t}tle nor;%h central part of the }\Itich?q};(il Oézlslg‘ence of salt s con-
e Detroit River series shows a rapid thickening ‘
of the Basin, where its thickness is overp],,OOO fizlé(’z.nII&‘%J(EE?ﬁalﬂgﬁiigzgg

% Carman, J. Ernest, Op. cit., p. 497.

" Grabau, A. W., and Sherzer W H., Tt
L ! vy AU (oon Ve ot lhe d ati ichi
Joining Regions: Michigan Geol. & Biol. sfrsgg?lﬁﬁbF%f%géfnsgi Sloulggelgll»lg%p}(]i%%%)and Ad
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for the Detroit River district is between 200 and 300 feet, and type
exposures, therefore, represent a relatively small part of the formation.
The outcropping areas and important quarry localities are shown in
Figure 2. The individual members of the Detroit River have not been
separated in the northern part of the State.

The Flat Rock dolomite member is named from Flat Rock, Wayne
County, Michigan. The rock is dark gray, very compact, porous, mag-
nesian sandy limestone, or locally a shaly limestone. At Flat Rock the
formation is described as a brown dolomite, thin bedded, hard and prac-
tically devoid of fossile. Nodular concretions of gypsum were observed
in some of the beds uncovered by ditching operations along the Huron
River. In the Detroit salt shaft, the lowest beds are Flat Rock dolomite
with a thickness of 47 feet, and the thickness for southeastern Michigan
ranges from 40 to 100 feet. The separate members of the Detroit River
formation cannot usually be identified from well samples.

The Anderdon limestone is extensively quarried about a mile northeast
of Amherstburg on the Ontario side of the Detroit River. This is the
typical exposure of the formation. It is made up of stromatopora reefs
passing laterally and downward into evenly bedded shaly limestone. The
limestone has conchoidal fracture, and some of the lowest beds show
mottling. Others are laminated. There are thin beds of sandy limestone,
and one of these containing a few crinoid discs is oolitic. The limestone
is very pure and analyses showed as high as 99% CaCOs;. The exposed
section is 24 feet thick and the upper surface is an important discon-
formable contact, with characteristics suggesting aeolian erosion. The
Dundee limestone of Middle Devonian age rests directly on the Anderdon
at this place.

Test holes at Sibley quarry, Wayne County, and the Detroit salt shaft
enabled Sherzer™ to determine the approximate limits of thickness of the
Anderdon to be from 35 to 60 feet, but this range is probably only appli-
cable over a very restricted area. The formation is not usually recog-
nized in deep wells, but fossiliferous limestone™ has been found in well
cuttings of probable Detroit River age. It is very possible that much of
the oil derived from the Muskegon oil field, Muskegon County, was pro-
duced from porous Anderdon beds.

The Amherstburg member or “transition” bed was the name applied
by Grabau and Sherzer™ to the rocks exposed in the bed of the Detroit
River by the Livingstone channel cut opposite Amherstburg, Ontario.
The range of thickness in Wayne County is probably about 20 to 50 feet.
The rock is brown or drab, porous, fossiliferous dolomite, and the layers
are generally thick and cavernous. The Amherstburg fauna®™ is the
largest and most robust of the Monroe and contains an abundance of
corals. Grabau™ emphasizes the affinities of this fauna with the Akron
dolomite and Bertie waterlime of western New York.

The Lucas dolomite is typically exposed in Lucas County, northwestern
Ohio. Tn Michigan, 189 feet of the formation was found in the Detroit
salt shaft. Southwestward from Oakwood, the suburb of south Detroit

™ Sherzer, W, IL, Geology of Wayne County: Michigan Geol. & Biol. Survey, Pub. 12, Geol.
Ser. 9, p. 210 (1912).

% Newcombe, R. B., Middle Devonian unconformity in Michigan: Bull. Geol. Soc. Am., Vol.
41, p. 733 (1930).

8 Grabau, A. W., and Sherzer, W. H., Op. cit., p. 48,

4 Carman, J. Ernest, Op. cit., p. 499.

" Grabau, A. W., and Sherzer, W. H., Op. cit.,, p. 284.
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where the shaft is located, it is i
here the shaft i ed, S entirely cut out in sever it
glanelo%ng (j)jtacé toil?gl . ;eé:‘n?eaeli ‘thai found a s’(ylolsie‘g(f3 liiilislc(z)cnaflégﬁzblg
thickness of. thg L'ucas is probabhl:e‘.;gg i‘t tthe ’EOp o ﬂ}e omation. The
so%‘gheastern Michigan. : Seh v more in some places in
Ahe rock is a dral dolomite wit ' i
tain tayen & drab 1th some banding ang inati
almost}131fr-eil(tza?}=limkeq and mottled with blue, gand oiigglir(l)igllo% dCer-
thinmer e a,nulm czzr’bonate are present, The Lucas str te " me
Graing of -2de hqvé 1 more even grained than the Amherstbur ! ]? lare
River sk botl; e Jtelen found near the contact at the top of thégD ?COV'V'
Sugpes th:;t oth o 1 fle outcrop and in wells, This occurrence st oty
B Michigan ants of sand deposited in Oriskany time are resont
The fauna of the Luc -
basis. thap ! qtr‘lir(.,zlsz member has Silurian affinities, and it is on thi
Rivor ot I)evonikana ,l(g:I(:l,pheljf are hesitant about Cailing the Det ‘?:
by o e De Wostel:n A\{Z(\l\pf{g;rl})(%leves that Lucas time wag represenrt(t)eld
Maﬂlhnifan? Rondout of eastern ‘Ne:xlff;'g;}li the beds are canivalent to the
e Mackinac limestone descril
northery kinae lin : >scribed  from  the Macld i i
CO]Ilm(;II;h?lII;CtILIé’JI? ((()111ta,1ns a fauna™ fixing it :Om\ef‘zil;n?gwréegl.on Illn
is gray foan ¢ h‘m(};‘? ce va the southeastern part of the State ';hén X Ig
sy te recemonfb dmll)e w ]11(.311 has been greatly broken up an& shattr(?cd
Sccasionall, fonﬁd , | y a ‘hmes’ro‘ne sand or flour. The ffa ment Car
into a o I mqqqa 11113,% in plage, but more often they arg qc‘tt’? ?rg
dipping layefs ‘m(d s 1‘ese brecciated rockg grade laterally int:) Cst ’eli
oy Jave wéll L Izllgpal ently were developed along a shore line le‘ip ir
ity or L) éfud ! ezstood, and this problem offers unusual op ort .
stone are on \Ifu‘kig: Some of the best exposures of the Mackinlzxp l’un-
. o l;ezié qrac IIsland and near St. Ignace in the Upper (i)em'ﬂe-
Tiles goles and ;g(; f] also exposed in the Lower Peninsula two to fmn-
i oot qpcﬁk }} heast of Mackinaw City. This region includ the
e Dundéé m(l)lréqtm the r%ort}}west corner of Cheboygan Counqc o the
Now yode wideqk) f)ne which is about equivalent to the Ono‘nd}'rll f
from Tose ey a0 f[{ceq,d in the Michigan Basin, The thickness Vario
naw Doy réO‘ioll’ V]eev In western ;\Iiclligzi,n to over 300 feet in th nge's
In the wes t% . }‘u‘] &ele til? formation has been penetrated in man ewéﬁb
cuttings ot ijc ) .cen Tal parts of the State, the correlation }(;f lsl
Tand septaro™s 1 gy thin or locally abgent. The irregularitie; fWe
domy el ° ] %h en()}xroézcl;ft%e Dundge was deposited and the prozo?mctgg
ne;_q[‘sl of the fepmac 1o Dundee time contributed to the variable thick-
¢ exposur
cocti {)(f)sklﬁgssotf‘l?undee are confined to the southeastern and north
DR qnm"riel Aate and have heen extensively described™. T} Vo
0 § are the Sibley quarry of south Detroit and .the (l]e lh'vo
" Granin 4wl O <t p 300 o
, AW, herzer, W, H., Op. cit., p, 234,

8 Grabau, A. W Di
Vol. 17, pp! 718, 719 (1905, °f the Scoharie Ky fn Michi
)8 W 719 (1907). auna in Michigan: Bull. Geol. Soc. Am.,

 Sherzer H. Ge
= - . 0logy of Wav .
Geol. Ser. 8. pp. 199208 (1917), " O 1¢ County: Michigan Geol. & Biol. Survey, Pub, 12

— Detroit Folio: U, g
e Geologv AN Geol. Survey, Geol. .
Pt’sé’it’ﬂ”ﬁgioo 4(1900)? oY of Monroe County: " Michizan Geol. & Big] gs({?fwgy' Yot Vit
» R A A Report . X ' ' ey, Vol. s
21, er. on Michigan Lime . T+ ot
Geol. Ser, 1%, p. 159+ pp. 248—249;’; 250-121?§F;;t(22%%s~6671\1(11CSI;ig'an Geol. & Biol. Survey, Pub

Lane, A ¢, R .
(1853) » Report of State Geologist for 1891-1892 : OMichigan Geol. S
FCOL Durvey, p. 66

(Footnote 79 continued on page 45.)
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Quarry in Presque Isle County near Rogers City where over three miles
of quarry face is open. Many beds recogunized in the formsation in the
Kibley quarry do not correlate with those to the north, and similarly the
fauna at Caleite differs materially from that in the southeastern part
of the State. The Dundee of Michigan apparently consists of a number
of faunal elements due to the presence of local basing and barriers in the
region.

Generally speaking, the lithologic features of the beds are fairly con-
tinnous over the State. The rock is gray to buff, cherty, crystalline,
fossiliterous limestone usually of high purity. Dolomitic beds appear
near the bottom of the formation, and there are occasionally sandy strata
at the base. If the shale which is usualiy present above the Dundee is
thin or absent, the Dundee beds penetrated in wells can be distinguished
from the Traverse only with greatest difficulty.

The chert in the formation occurs as nodules, seams, or beds up to
several feet in thickness. Bituminous matter is frequently encountered,
and porous layers of the limestone are important oil and gas reservoirs
in the State. Some of the coralline, crinoidal and other fossiliferous beds
are very porous and stylolitic structures frequently exist through the
rock. Numercus seams of crystalline caleite show that extensive solution
has taken place.

Although the Bell shale is regionally a wedge shape deposit and thins
to the southwest, it occurs at the base of the Traverse formation with
great uniformity over relatively large aveas. The shale is generally blue
gray to dark gray calcareous rock, often very fossiliferous, and usually
nearly black at the base. The beds are correlated with the Marcellus of
New York.

Exposures of the Bell shale are not abundant because the formation
weathers readily and is rapidly removed by erosion. In fact, the strata
are apt to cave when drilled and the beds are frequently termed “soap
rock” by drillers. The shale was named from an outcrop north of Bell,
Presque Isle County, but it is best exposed now in the quarry of the
Kelley Island Lime and Transport Company at Rockport, northeastern

Alpena County. :

The thickness of the Bell shale usually varies from 60 to 80 feet in the
northern part of the State, but the upper and lower limits of the member
are frequently difficult to determine in wells. The shale at the base of
the Traverse is over 200 feet thick in central Michigan, and possibly the
beds correlated with the Bell shale in well records may include other
parts of the Traverse formation. The basal shales of the Traverse thin
very rapidly to the south and southwest and show considerable irregu-
larity in thickness in this part of the State. Recognizable beds of Bell
shalé cannot be found in many wells in southwestern Michigan. The
formation seems to have been deposited in a sea which transgressed to
the west, and the basal shale member of the Traverse in western Michi-
gan probably corresponds stratigraphically to higher beds of the Trav-
erse farther toward the center of the State.

The Traverse formation is widely exposed in the northern part of the
Lower Peninsula. Its boundaries and the location of many important

Lane, A. ., and Seaman, A. E., Geological Section of Michigan: Michigan Geol. & Biol.

Survey, Ann, Rept. for 1908, pp. 69-71 (1909). .
Grabau, A. W. Geology and Palcontology of the Devonie Formaticns of Northern Mich-

igan: TUnpublished manuscript.
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exposures are indicated in Figure 2. The principal areas
: . of T
rocks are in Alpena and Presque Isle counties, 'I;,nd the Littlera’l“rg?f
?\Esev Bray region. TS}(I)E beds are partially equivalent to the Hamilton of
lj ew lork., but Pohl®® has recently shown that the Traverse group should
be placed in the column between the Onondaga and Hamilton, The mem-
d?xfissigfl ?l;eéogg}?u% hav% bkeen variously subdivided®!, but the threefold
j ¢ Long Lake series, Alpena limestone, and Th
ieorlllegs E:?(Iélssto' be k;[hedploé‘e appropriate. Ver Wiebe$? suggestusnfcilfgtliiz
eries be divided into the upper, lower, a d Rockport 1j
stone. Pohl® has separated the Trave , ' the Ct o of e
State in descending order into the P skiey formation Cromen o the
) etoskey formation, Charlevoix st
(a)md Grlavgl Point stage. The committee®* of the U. 8. Geological Sirifgg;;
ﬂlll geotpglc names has accepted only the term “Traverse formation” for
%ﬁen ire group and does not recognize by name any subdivisions.
aa e (’friewerjs_e 1§ composed of an alternating series of beds of limestone,
begne,ob:ex('}xlrl(laglc lllmgstonezl,l and anhydrite. The beds of anhydrite havé
) only in well cuttings and may be in tl
The limestones vary greatly i : nposition. Te ook
! Y 1n color, texture, and composition. Th 1
1s commonly neutral gray weatherin ; . ‘ fonally
I 4 ) g to buff or brown, but occas 11
gvlél%ieb;rggglter grsitly, buff, or even white. The numerous shall;y(r)nl?ed};
i I'Se a characteristic blue-gray color in trast
sistent light buff of the Dundee. The text imestone. vactas foon:
: i . f the limestone ies T
fine grained or lithographie to coar “erpatalli 1 coral reof
rain sely crystalline. Reworked cor.
material is present in the form of consolid i o Time g
ted lime sands and li
The shales are usually calcareous and i m Tossiliterany,
Generally, shale predz)miliates in th thern and southstoss ferous.
s L ‘ e southern and southeaster |
the State and limestone beds are less common. Limestone ig m(flré) :‘Il;?n((;{f

The Traverse formation was first i indi
r separated into individual
by Grabau® in 1902. The nomenclature of Grabau is still used, 11)1111?;3;11.:

of the Traverse which exceeds 800 feet is i
| ‘ : et Is in the north central t
s;ateBm an area trending northwest-southeast from the mou‘?harofoé;hf
W Bay to the head of Grand Traverse Bay. 1In the Alpena region al%d

The Traverse formation is tvpi i

! 1 ypically developed in Michigan and -
zii)ns a large variety of fa.una. A wide diversity of forms, maany i? Wl(lz;)g;l

W a northern derivation, have been classified by several students86

. ®Pohl, B. R., The Middle Devonia ichi

AI‘SESP%;IE %‘?t%ﬁ%‘ sbgoti;?, 11;113 £§1;?1p922y (:(l)gzéa)l.pena County, Michigan : Michigan Acaq. Sei.,

IQEQX‘z:aTtZ lilv G;ZZ; Ten%atik’e.correlation of the named units of Michigan (June 1,

fgan poat ’Re.pt., .,pp. 163%2118}13(713%2%}? Traverse Group of Michigan: Geol, Survey of Mich-

Mmggggi;{iz‘zéﬁinggyp(gf;oi%g?i.clsssaec(tliggli)r.l Alpena and Presque Isle Counties,
, G. M., y ¥, Hussey, R. (., Oral communication.
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of the region and this point has been emphasized by Pohl®? in his recent
discussion.

The Long Lake series (Lower Traverse) in the Alpena-Presque Isle
district has a 40 foot bed of limestone at the base, which Smith®® named
the Rockport limestone. This member is essentially a stromatoporoid,
corraline, fossiliferous limestone with a dark or black bituminous crystal-
line matrix. Locally it is shaly and very siliceous. The middle member
of the series is about 70 feet thick, largely shaly, and cannot usually be
found outcropping because it weathers away. The upper member contains
about 80 feet of thin bedded, shaly, and fossiliferous gray limestone.
Most of the limestone beds of the middle and upper members of the Long
Lake are largely a mass of crinoid stems and fragments. The total thick-
ness of the Long Lake series ranges from 190 to 200 feet.

The Alpena limestone is the comparatively pure middle limestone mem-
ber of the Traverse characterized by an extensive system of coral reefs.
This member is a distinct lithologic unit of gray to buff, cherty, bitumin-
ous limestone strata joining the reefs which locally possess dolomitized
“chimneys.” There are a number of thin lenses of shale, generally very
calcareous and fossiliferous. The Alpena beds are more resistant than
the rest of the Traverse and form a pronounced topographic feature. On
this elevated area are superimposed the network of low ridges caused
by the coral reefs. Grabau® stated in his latest work that there was
155 feet of Alpena limestone in the Thunder Bay region, but Ver Wiebe®
determined this member to be 126 feet thick.

The Thunder Bay series (Upper Traverse) crops out in several locali-
ties in Alpena County, on Thunder Bay, and along the Thunder Bay
River. Ver Wiebe®! limited this series from 110 to 140 feet thick, con-
sisting of thin limestones, shaly limestones, and calcareous shales. The
limestone layers are bluish gray to pale buft in color and weather to a
rusty yellow or brown. The beds are usually very fossiliferous, contain-
ing crinoids and abundant corals. The blue gray to black shales weather
readily into blue clay. None of the beds are particularly distinctive, and
the series is an alternating sequence of shales and limestones which
possess no outstanding characteristics.

The Antrim shale is essentially brown to black and dark gray bitum-
inous shale with many concretions, particularly concentrated in a zone
near the base. The concretions are of two types, the one made up largely
of bituminous slightly magnesian limestone and iron carbonate (siderite)
and the other of iron sulfide (pyrite). The type of concretionary struc-
ture made up of carbonates has been extensively discussed by Daly®? and
Ver Wiebe?®, and occurs widespread throughout the State at about the

same horizon in the Antrim shale. When encountered in wells it is
usually termed “lime” or “hard shell” and is brown to greenish colored
and coarse textured. The average diameter of the concretions is about
2 feet and the usual maximum about 3 feet, with reported sizes up to 6
feet. The bituminous calcite (anthraconite) has a concentric crystalliza-

87 Pohl, E. R., Op. cit,, pp. 33-34.
58 Smith, R. A., Report on Michigan Limestones: Michigan Geol. & Biol. Survey, Bull.

21, Geol. Ser. 17, p. 175 (1915).

8 Grabau, A. W., Geology and Paleontology of the Devonic Formations of Northern Mich-
igan: TUnpubliched manuscript, p. 84,

% Ver Wiebe, W, A., Op. ecit.,, pp. 186, 187; also unpublished manuscript.

1 Tdem, pp. 187-190; also unpublished manuscript.

%2 Daly, R. A., The Calcareous Concretions of Kettle Point, Lambton County, Ontario;

Jour. Geol.,, Vol. 8, pp. 135-150 (1900). .
® Ver Wiebe, W. A., Unpublished manuscript: Michigan Geological Survey files.
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tion with the long directions of the crystals normal to the central core.
The beds are usually bent or domed about the concretions and planes of
jointing do not split them, thus indicating that they attained their
present form at a comparatively recent time.

The pyrite type of concretion is distributed through the formation, or
arranged in definite rows more or less parallel to the bedding. The éon-
cretions are spherical or somewhat flattened spheres (sphéroids) and
their size ranges from an inch to approximately 3 inches in diameter.
These pyrite concretions scem most abundant near the base of the forma-
tion. .

Thero_ are exposures of the Antrim shale in the Alpena region (Paxton
quarry in particular), southern Cheboygan County, and south and south-
west of Little Traverse Bay. The beds crop out under the drift in an
arcuate belt circling the northern part of the Lower Peninsula and the
southeast and southwest corners of the State, as shown in Figure 2.

" The Ant?im beds usually contrast rather sharply with the Traverse
below, but in central Michigan they may alternate upward with gray and
green shales which grade into either the Bedford or Kllsworth forma-
tions. The brown color is largely caused by macerated organic fragments
and spore cases (Sporangites huronensis) disseminated tﬁrough the rock.
The similarity of the brown well cuttings to coffee grounds has given rise
to the term “coffee” shale which is extensively used by drillers. The
bedding is thin or fissile, and tarry, brittle, coal-hlack seams oceur in the
ledges where the rock is exposed. The formation is comparable to the

~Ohio shale, with which it is generally correlated.

The thickness varies from less than 100 feet to over 430 feet in various

"~ parts of Michigan, with the beds thickest in the central area of the Basin
‘and the north Saginaw Bay region. The maximum thickness may be
~exaggerated by incorrect correlation, as the physical appearance of the
overlying Bedford may be very much like the Antrim. The problem of
.correlating the black shales in Michigan seems to be as perplexing as that
-which caused the famous Ohio controversy of overlap versus lateral
gradati()n, which Prosser? very thoroughly summarized. The possibili-
_ties are essentially the same. There i meager subsurface evidence to
shows that the Antrim is overlapped® by the Bedford in the western part
of the.State, grades laterally® into the Bedford in the north central
part of the State, and that the Berea-Bedford pinches ot between the
~Antrim‘ and Su1‘11)ury in the south central part of the State. U]I'ichgé
iﬁg?edlia;;r}[ile :\(f;((}j?:]ll(f(; ]1;)(;1'1‘(\);;?‘?11&15 ﬂ}e upper part (3f the An'tfim black

e is : le 3 Alississippian age. The final solution of this
problem'wﬂl probably be complex and require detailed study of micro-
fauna from well cuttings and a much larger number of accurate sectiong
than are now available from present well records.

“ Prosser, Chas. S., The Devonianu : Mississippi g i
Olgi_or?qoll. Sﬁu‘geyTBull. e 4[’11\(gi‘,]rl.flp[;.“%()?; gss(llpé)ll%l)l formations of Northeastern Ohio :
2 Ulrich, B, 0., The Chattanoogan Series wi speci o g
Amﬁ‘ I-g],‘)ulli S(]?ji‘, éth gslﬂ'ut Vol }34», (]8>4()1.‘1e1)\1)}\ ;t:}l?'sl%%u:(ﬂ] Srlcé(;rencu to the Black Shale Problem :
“ Kindle, B. M., Stratigraphic Relations s ronian 3 N i
.T<»;171:.\ISCL. 4‘1‘}} Scer., V(()ll. 1g (?84). 1)1).11180’?—?21?); (tlhgeml?e\oman Shales of Northern Ohio: Am.
Morse, . C, and Foerste, A. F. e Wav ¢ Tor i ‘
Jo;}lgr[.v]G,etI)l., ]VOI(')”' . 1(64:—1077\(115)(59’)1‘,1”‘ Waverly Formations of East Central Kentucky :
L jlvich, K. O., Black Shale Problem in Michigan : B
331 (1oor) pa © phate Lroble Michigan : Bull. Geol. Soc. Am. Vol. 38, p.
2 M.( Ehle)rs,, }11Jnted by title 91113 substance of discussion by verbal communication with
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The opening of the Mississippian period marked the return of condi-
tions in Michigan favoring the accumulation of clastic deposits. On
the eastern side of the State, these conditions continued with brief inter-
ruptions throughout the entire period. A thick and almost continuous
shale series was deposited in the central aud western parts of the State
pnear the middle of the period.

Although continuous salt beds have not been found, the Michigan
synclinal basin again became an area in which drying up of the seas was
going on near the close of the Mississippian. Possibly, evaporation was
frequently interrupted or else the rock salt formed was entirely removed
by subsequent solution. The latter explanation seems plausible when
one considers the amount of weathering and extensive erosion which
must have followed at the end of Mississippian times.

The period ended in a general invasion of the sea giving rise to a thin
but rather continuous deposit of limestone. Iixcepting when impure
limestone was laid down during Coldwater time on the west side of the
State, this was the first return of seas rich in lime (calcium carbonate)
since Devonian. At the close of Mississippian, the area was uplifted and
deeply eroded, removing many of the upper members and bringing about
the uneven surface of disconformity. This disconformity is the most
pronounced since the close of Silurian., The correlation of the Mis-
sissippian rocks of Michigan with those of neighboring states in the
Michigan Basin region is shown in Table VI.

The exact time at which the Mississippian began is still somewhat
uncertain. The Bedford formation was tentatively placed in the Devon-
ian by Lane®, and his correlations have been followed in subsequent
publications of the Michigan Geological Survey. The discovery of
Mississippian fossils in the upper beds of the Antrim would seem to show
the Mississippian age of the Bedford formation. In Michigan it is simply
a lithologie¢ unit as no distinctive fauna has been found locally in the
strata of apparent Bedford age.

The beds exposed south of Tllsworth, Antrim County, have not been
correlated definitely with the Bedford shale of Ohio. Similar strata to
those near Ellsworth were described by Winchell'® in 1861, when he
stated “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 posi-
tion above the black shale. It is rather a soft, semi-indurated clay, trav-
ersed by bands of lighter color, apparently calcareous. ‘

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

The best exposure of these strata is about 114 miles south of Ellsworth,
in the Petoskey Portland Cement Company quarry, where a ledge of 30
to 40 feet of greenish gray shale is being worked. The location of this
quarry is in the NI.14 NIZ.1j4 see. 26, T.32N., R.8W., Banks township,
Antrim County, Michigan. The total thickness of the strata hetween
"the top of the brown Antrim shale and the base of a red shaly limestone,
'probably of Coldwater age, in the western part of the State is between
500 and 600 feet. It is proposed that these beds be called the Ellsworth

% Lane, A. C,, and Scaman, A. E., Notes on the Geological Section of Michigan: Ann. Rept.
of State Geologist, Michigan Geol. Survey, pp. 73, 75 (1909). .

1% Winchell, Alexander, Geology, Zoology and Botany of the Lower Peninsula: First Bien.
Rept. Geol. Survey of Michigan, Pt. 1, Geology, p. 72 (1861).
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ghale and that the type section be referred to the above locality. A com-
slete section of the formation is found in the Charles Reeths No. 1 well,

2%
i‘:g E\*W.% NW.14 see. 9, T.10N., R.16W. Muskegon township, Muskegon
GE County, where the shale series is 530 feet thick. This section includes
5 blue shale, light and dark gray shale, and greenish gray shale, and follows
pelow. The green color and smooth fracture along the bedding planes
% are the principal lithologic characteristics. Loecally, thin layers may
- ;:3’ £ be sandy or calcareous,
g g |z 2| aag
S FER E 3 3 e | 8§-§$ Ellsworth Section from log of Muskegon Oil Corporation’s—Charles Reeths No.
° # o |%|a |k MRS 5538 1 Well.
On the Charles Reeths farm, NW.14, NW.14 sec. 9, T.10N.,

Location:

2
Q
3 " ;_3 o R.16W. 14 mile from north property line and 300 feet from west prop-
+ . . , - .

% wl » & | ) i 5 erty line. Elevation: 628.5 feet above sea level. Drilled for Muskegon
s|lE £152s8 |E o iF 559 P o 0il Corporation by Gray Drilling Co., Milwaukee, Wisconsin. Com-
S8 88 A8E-8| zFess BEl S 8c & sleted in December, 1927. Initial production--330 bbl. oil and 494,000

® g3 EiET @ =1 2 I ’ 5
S|E §%| oS855 |S2aslss P8 20 e 8 ) \ . . il . )
B85 85|8&85E2| 29538 £ w |8 28 & TF 2 cu. ft. gas. Record compiled from driller’s log and set of samples by

B &6 | OmOES | AESSAsSE 2 5 |5 @des 28 5 3. B. Newcombe.
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o} o Formation. Feet Feet
e SR LR SR fal RCN Ll Z
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= Ellsworth Formation:
B Shale, blue and red (calcareous)........... 10 880
° 2 Shale, light gray. . ....... . 40 920
g Lol by Shale, blue gray (hard) . 20 940
o ° = 2 Shale, soft, light gray. . . 30 970
= AR o o Shale, blue... .. .. S 100 1,070
i a S £ v R Shale, gray to greeniSh gray. . ........ccoouiitin i 30 1,100
1 s l'a 2las < Shale, greenish gray............ e 80 1,180
! o |z g gg ;g ISJ}ilmlestone, standy (Wi%h showofoil). . ... .. i i 2(1) %%2%(1)
ale, gray to greenish gray . . ....... ... ... ... .. . i 5
N A il ®|mAR O Shale, g GFaY . - . . . vrvvr oo 10 1°220
| ] — Shale, GFEENISIL LAY . . - oo vt o e s oo e 70 1,290
H Shale, Hght gray. .. ... ... i e 20 1,310
2 I | o Shale, BreEniSh LAY . . - o ..o oo ool - 40 1.350
= ’ —~ = Shale, Bray . . ..ottt s e 10 1,360
3 g | 518 Shale, Ereenishl Gray . . . ..o ittt e 30 1,390
: [ % , E g ShALe, B . . ottt e 10 1,400
w0 -—
g s g8
= Y g 4 =2
I8 IS c 2 . . .
=8 l[ 2 |Z5s 'f:g bl o S) . This section formerly was correlated in wells as Berea-Bedford, but
55 S 8518 S8 |8 convergence studies indicate that the beds are not exactly equivalent to
2.0 80
ga | & |ER3 % I RE these f ti e fig. 21 d f th trat lder th
5 & | g s 8158 |5 ese formations (see fig. 21), and some o ese strata are older than
= l ®iRA |- the Berea and Bedford of eastern Michigan. A plausible explanation for
g g g this relationship is that the “basin” was tilted downward to the northwest
5 o g g gb during early Mississippian time, and the thick shale series (Ellsworth)
S E g ¢ was probably deposited by a sea which came in from the south and south-
g g - g g L . 1
7 g 5 Fos i west. At the beginning of Bedford time, a southeastward tilting took place
o g i o= § - i / i
8 S g E“S along the same general axis, and the Bedford sea of Ohio entered the
5 : Michigan Basin from the southeast. DPerhaps, the waters from this

direction mingled with the sea previously existing in the western part of
Following the Bedford sea, the Berea incursion occupied

§ - f the Basin.

g2 &5 ; about the same area.

g3 §§ The Bedford section is thin in the central part of the State and sand-

& i stone members of the Berea appear above it. The Bedford which occurs
beneath the Berea in this area and farther east is gray in color and
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varies in thickness from a few feet up to 300 feet. The area underlain
by the Bedford has not been separated on the map from the Antrim.
(See pl. IT).

A red shale occurring locally in the upper part of this gray shale sec-
tion is very similar to the red Bedford of Ohio. On these grounds,
Robinson'™! suggested that this bed be correlated with the Bedford.
Lane!®? had previously believed that the red horizon represented land
waste from the Berea. The correlation with the Ohio red Bedford seems
essentially correct in Jackson, Eaton, and other southern counties of the
Lower Peninsula, but apparently it does not hold for a persistent red
limestone at about the same stratigraphic position in the western coun-
ties. There is substantial proof to show that this red limestone should
be placed in the lower part of the Coldwater shale. Tt can be correlated
in wells across the Lower Peninsula with a red shale member which is
from 0 to 30 feet above the Sunbury shale in the eastern part of the State.

The Berea formation has never been observed at the surface in Michi.
gan, but its outcrop can be traced in wells in an interrupted are around
the east side of the southern peninsula.  Tn wells the rock cuttings from
the beds are fine grained, somewhat micaceous sand with disseminated
pyrite staining the characteristic gray color to a yellow or brown. The

qnartz grains are angular, usually transparent, uniform in size, and

sometimes poorly cemented. The sand is much coarser grained on the
east side of the State in the “Thumb” region northwest of Port Huron.
Gray shale generally separates the individual beds of sandstone and
calcarecus layers have been found in certain localities.

The Berea thins rapidly westward in central Michigan and has always
been found absent west of {he line indicated on the map. (See fig. 5).
Apparently during Berea deposition, there was a land area extending
from northern Gladwin County in the central part of the Lower Penin-
sula to southern Calhoun County in the southwestern part. The area of
greatest sinking in the synclinal basin during this period was in the
“Thumb.” As shown in Figure 5, the formation extends in this direction
over a large part of the adjoining States to the southeast. The beds are
well developed in Ohio and West Virginia and have been traced into
Pennsylvanial®3, Ty thege States, the Berea has been an important pro-
ducer of oil and gas. The unusnal depositiont in deeply eroded chan-
nels, so common in northern Ohio, will probably be found to extend into
the Michigan Basin. The thickness of beds varies from a mere parting to
over 300 feet, and abrupt changes evidently take place over very short
distances. Tn wells, the Berea has frequently been mistaken for sand-
stone beds in the lower part of the Coldwater shale. These layers re-
semble one another strikingly and may have been derived from similar
sources.  Possibly, the lower Coldwater sandstones came from the re-
working of Berea beds exposed elsewhere.

The Sunbury formation usually rests directly upon the Berea and con-
sists of brown to black, nnctuous, pyritous shale. In some places, the

11 Robinson, W, I., Unpublished manuscript,

12 Lane, A. €., and Seaman, A. E., Notes on the Geological Section of Michigan: 10th Ann.

Rept. of State Geologist, p. 73 (1909).

"% Ver Wiche, W. A., The Berea Formation ot Ohio and Pennsylvania: Am. Jour. Sei, Vol.
XLII, pp. 46, 47 (19186).

1t Burroughs, W. G., The Unconformity between the Bedford and Berea Formations of
Northern Ohio: Jour. Geol. Vol. 19, pp. 655-660 (1911).

1 oo, .~ Berea Sandstone in Eroded Cleveland Shale: Jour. Geol.,, Vol. 22, pp.
766-7T71 (1914).

. o Bconomic Geology of the Berea Sandstone Formation of Northern Ohio:
Ee. Geol,, Vol. 8, pp, 469-488 (1913),
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shale is dark gray and has several lithologic phases. The Sunbury is not
exposed and has not heen mapped as a separate formation in Michigan.
It is included with the Coldwater, a mnch thicker shale series above.

The maximum thickness of the formation is over 100 feet, but it usually
has from 10 to 30 feet of strata. A red shale member is often present at
from 0 to about 30 feet above the Sunbury. This shale changes to a red
shaly limestone in the western part of the State and is one of the most
persistent “marker” beds in that region. Where this red limestone ig
found, the Sunbury does not usually amount to more than a carbon-
aceous parting. Locally the black shale becomes abnormally thick, as in
northeastern Ottawa ang southern Newaygo counties,

The type locality for the Sunbury shale'is on Rattlesnake Creek about
two miles east of Sunbury, Delaware County, Ohio. The beds have not
been classified ag a definite formational unit in Mlichigan but they are
correlated with the Oh’o section because of lithologic similarity and the
typical Bedf()rdJ}erea-Sunhm‘y order found in well cuttings. This seems
to be a plausible supposition and ig tairly well established. Diagnostic
fossil species have never been found in the comminuted material from
wells.

The Coldwater formation is the thickest series of shale beds in Michi-
gan and although predominantly shale, its lithologic character changes
progressively across the State, In the “Thumly” and Saginaw Bay regions
the Coldwater formation is almost entirely shale. Tn the western part of
the State, local limestones and caleareous beds are characteristic, Some
of these limestones are oolitic, and beds have been traced by means of
wells across several townships. Nodules and concretions of clay iron-
stone and siderite are present in well confined zones, Red shale beds are
occasionally found in the Coldwater formation in the eastern countiesg
of the State,

The typical color of the shales is blue gray to greenish, and there are
occasionally dark gray beds which may appear black when wet. The
shale layers vary in hardness from slatelike to almost like gumbo. Drill
cuttings often contain large chips.

The area underlain by the Coldwater formation forms a wide arcuate
belt around the southern peninsula. Exposures and rock near the surface
have been described from Branch, Calhonn, ITuron, Hillsdale, Sanilac,
and St. Joseph counties, The type locality is in the valley of the Colg-
water River, Branch County, where shale from several quarries has
been used for the manufacture of cement. The exact age of the formation
is rather uncertain, but the lower bhedsg are probably equivalent to the
Cuyahoga of Ohio and the New Providence of Indiana. The upper strata
of the Coldwater may be equivalent in part to the Black Hand of Ohio.

The base of the Coldwater as originally defined is delimited by the top
of the Berea sandstone, but in the present classification it is marked by
the top of the black Sunbury shale. The top of the formation grades
upward without sharp demarcation into the basal beds of the Marshall
sandstone. The change ig frequently inconspicuous and very indefinite,
Three criteria have been used for fixing the top of the Coldwater: the
appearance of highly micaceous sandstone, red color, and locally a cal-
careous, fossiliferous bed, None of these characteristics are continuous
throughout the entire State and the top of the formation as now used is,
therefore, often very hypothetical.
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sugh a pronounced break within a named unit. %‘}w 1}(1)62111 e oant
art ot the Napoleon and also beds of the Lower N alr’s 2; Slgnificant
br oof of the intensity of erosion which took place at the ¢ o'seI parshall
}3_1“ e. It is logical to assume that there were numerous is gnt sn n the
:zlélslof the succeeding age and much of the Napoleondsvarghs Ocontain,
iherefore reworked and redeposited}. .The resultlTng ll)e s 'J?hsese ntain
nd ‘1‘ai7ns which are remarkably similar to the Napo e(f)n. e sand
:?onesg would occupy a position above the c()ilqt ]aﬁld s&qzhéicg?naformation
7 ’ g e Mi 1
Marshall age but would correspond to the Mi or
gg(gvge O’f‘ﬁis%explana‘?ion seems to harmomze.\xlflltfh eX]St%;Jg‘C g?;ggggf%eds
' iy di to distinguish from t !
The Lower Marshall is difficult ly be dotermined by the
the gradational change _can_usually y '
:f)l];)gg’ra%uci 013 ese%eral varieties of mica disseminated through the layers
15 Thomas, W. A., A Study of the Marshall Formation in Michigan: Michigan Acad. Sci,

Arts and Letters, Papers, Vol. XIV, p. 493 (1931).
8 Thomas, W. A., Op. cit. .
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