DESCRIPTION

- INTRODUCTION.

GENERAL RELATIONS.

The area mapped and described in this folio and here called
the Detroit district lies between parallels 42° and 42° 30’ and
extends westward from Lake St. Clair, Detroit River, and
Lake Erie to meridian 83° 30". It comprises the Wayne,
Detroit, Grosse Pointe, Romulus, and Wyandotte quadrangles
and includes a land area of 772 square miles. It is in south-
eastern Michigan and includes the greater part of Wayne
County and small parts of Macomb, Monroe, and Oakland
counties. The city of Detroit is in the northeastern part of
the district. (See fig. 1.)
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FIGURE 1.—Index map of southeastern Michigan and parts of adjacent
, - States.
The district described in the Detroit folio (No. 205) is indicated by the darker ruling. The

- lighter ruling shows the area described in the Ann Arbor folio (No. 155).

In its general geographic and geologic relations the district
forms a part of the Glaciated Plains, which lie between the
Laurentian Upland on the north, the Appalachian province
on the east and southeast, the Ozark province on the south-
west and the Great Plains on the west. The Glaciated Plains
and Appalachian province merge into each other in a border
zone where the minor topographic features are due to glacia-
tion but where the drift sheet is not so thick as to conceal the
larger relief of the bedrock surface. For convenience the
boundary between the two provinces across Indiana and Ohio
is placed along the southern limit of the area invaded by the
Pleistocene ice sheets.

GENERAL GEOGRAPHY AND GEOLOGY OF THE CENTRAL GREAT
LAKES REGION.

Inlerest and tmportance—The central Great Lakes region,

the part of the Glaciated Plains in the heart of which the
Detroit district is situated (see fig. 2), includes Lakes Michigan,
Huron, and FErie and their drainage basins. Northern and
central Indiana, central Ohio, and northwestern Pennsylvania,
although lying in the drainage basin of the Mississippi, are
closely associated with the rest of the central Great Lakes
region in their geologic history and their commercial relations
and are regarded as parts of it.

Although marked by relatively simple rock structure the
region is one of interesting geologic relations and has had a
complicated and fascinating history, especially in Quaternary
time. The resulting geographic conditions are of great impor-
tance from the human point of view and have made the region
one of the most densely settled and commercially important
parts of North America. Chicago and Milwaukee lie on its
western, Cincinnati on its southern, and Pittsburgh and
Buffalo on its eastern border, and within it are Cleveland,
Detroit, Indianapolis, and Columbus. The largest water-
borne commerce of the world is that carried by the central
Great Lakes and Detroit River, and the region is crossed by
the trunk-line railroads that connect Chicago and the upper
Mississippi basin with the Atlantic seaboard and most of which
run along or near Lake Erie. The facilities for cheap water

transportation of raw materials like ore and lumber and the

proximity of great coal fields on the south have made the
region a manufacturing territory of the first importance.

1 Prepared in cooperation with the State Geological Survey of Michigan.
The introduction was prepared mainly by Laurence LaForge, of the
U. 8. Geological Survey.

~a deep valley therein.
feet or more higher than the Huron Plain, from which it is -

OF THE DETROIT DISTRICT.

By W. H. Sherzer.!

The Detroit district, as will be shown later, occupies a sort‘»

of focal position in the region—geologically, geographically,
and commercially. This advantage of position, a favorable
climate, and abundant natural resources of several sorts in the
immediate neighborhood have combined to cause the rapid
development of the city as a commercial and manufacturing
center.
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FIGURE 2.—Map showmg the topographic divisions of the central Great
Lakes region.

The Allegheny Plateau lies chieﬂy in the Appalachian province, the southeastern boundary of
the Glaciated Plains (not shown on the map) being an irregular dlagonal line which
crosses central Ohio to northwestern Pennsylvania.

Divisions.— The topographic divisions lying wholly or

partly in the central Great Lakes region are the Lower Penin--

sula of Michigan, the Erie-Huron Plain, the Mississippi
Lowland, and the Allegheny Plateau. The Lower Peninsula
of Michigan constitutes a topographic subprovince by itself,
comprising three minor parts—the Northern Upland, the
Saginaw Lowland, and the Thumb Upland. (See fig. 2.)
The Northern Upland, as its name implies, occupies most

of the northern part of the peninsula; the Saginaw Lowland

extends from Saginaw and Thunder bays southwestward across
the peninsula and along the shore of Lake Michigan; and
the Thumb Upland, named from the land projection east of
Saginaw Bay (the “thumb” of the “mitten” to which the
Lower Peninsula has been compared in shape), occupies most
of the southern part and extends a short distance into Ohio
and Indiana.

The southeast corner of Michigan, northwestern Ohio, and
the peninsula of Ontario are occupied by the Erie-Huron
Plain, which also forms the bed of Lake Erie, as the lake is
shallow and lies in a low part of the plain itself rather than in
In New York the Erie Plain lies 100

separated by the Onondaga escarpment, but in Ontario the
escarpment is low and obscured by drift and the two plains
are virtually one, which extends northwestward to form part
of the bed of Lake Huron and laps around the north end of
the peninsula into the basin of Lake Michigan. On the
northeast it is bounded by the Niagara escarpment, which
faces toward the Ontario Lowland. Southwestward the plain
extends into Indiana and merges into the Mississippi Low-
land, which also extends to the basin of Lake Michigan. The
uplands of the Lower Peninsula are thus surrounded by
plains partly covered by lakes.

Southeast of the plains is the Allegheny Plateau, which

“occupies about_ two-thirds of Ohio and extends westward into
Indiana, southward into Kentucky and West Virginia, and"

northeastward across Pennsylvania into New York. It lies
chiefly in the Appalachian province, as the margin of the
drift-covered area, which forms the boundary between the
Glaciated Plains and Appalachian provinces, is an irregular
line that crosses the plateau from southern Indiana and northern
Kentucky to northwestern Pennsylvania. In New York and
Pennsylvania the plateau is bounded on the north by the
Portage escarpment and stands from 800 to 1,500 feet above
the Erie Plain, but in Ohio the escarpment is lower and less
steep and is broken by broad embayments. It decreases in
height southwestward and in western Ohio and eastern
Indiana, where the bedrock topography is much obscured by

a thick mantle of drift, it becomes a broad, gentle slope that
rises 300 to 400 feet in 20 miles.

Relief.—The aliitude of Lake Erie is 573 feet and that of
Lakes Huron and Mlchlgan 582 feet above sea level, and the
land surface of the region ranges in altitude from that of the
lake shores to 1,700 feet in the Northern Upland and on
the Allegheny Plateau. Lake Erie is nowhere more than 150
feet deep, but the greatest depth of Lake Huron is more than
700 feet and that of Lake Michigan nearly 900 feet, so that
parts of the bottoms of both those lakes are below sea level
and the total relief of the region is 2,000 feet or more.

The general altitude of the Northern Upland is 1,100 to
1,300 feet above sea level, rising to -1,700 feet near Cadillac.
There is generally a rather abrupt descent about the border of
the upland to 800 feet and around the north end of the
peninsula the margin of the upland is indented by valleys and
lowlands that lie below 800 feet. The Saginaw Lowland lies
in general from 600 to 800 feet above sea level, but it is
crossed by morainic ridges which in places reach an altitude
of 1,000 feet. The Thumb Upland has a general altitude of
900 to 1,000 feet but reaches 1,300 feet at points in Oakland
and Hillsdale counties.

The upland border of the Erie-FHuron Plain lies in general
between 800 and 900 feet above sea level and the plain slopes
from that altitude to the shores of the lakes. Its surface is -
smooth or broadly rolling and is broken here and there by low
morainic accumulations and by the beach ridges of former
lakes. Southwestward the plain merges, at an altitude of
about 800 feet, into the Mississippi Lowland, which, in
Indiana, ranges between 700 and 900 feet above sea level and
descends gently northward to Lake Michigan and southwest-
ward to central Illinois.

The general surface of the Allegheny Plateau lies between
900 and 1,100 feet above sea level in eastern Indiana and
western and southern Ohio and between 1,100 and 1,300 feet,
with here and there hills rising to 1,400 feet, in eastern and
northeastern Ohio. Its culminating point in Indiana, in
Randolph County, stands a little above 1,200 feet, and in
Ohio two hills in Richland County and one in Logan County
stand above 1,500 feet, the hill in Logan County being the
highest point in the State. In northwestern Pennsylvania the
surface rises eastward and northeastward, at first gently and
then more abruptly, and reaches 1 800 feet above sea level at
the western boundary of New York.

The surface of the plateau in Indiana and in western,
central, and northeastern Ohio is broadly rolling and is dis-
sected by wide and rather shallow valleys with gently sloping
sides. In southern and southeastern Ohio the country, though
in general no higher, is much rougher and the surface is
rather closely dissected by steep-sided valleys, the largest of
which are 400 to 500 feet deep and have flat bottoms of some
width. - This difference in topography is due largely to the
character of the underlying rocks, but it is also due in part to
a difference in the drainage history, in part to the fact that
one region has been glaciated and the other has not, and per-
haps in part to a slight southeasterly tilt of the land surface.

Bedrock surface.—In the Allegheny Plateau the altitude,
relief, and larger topographic features of the present surface
are due chiefly to the form of the bedrock surface and in only
a few areas is the drift thick enough to conceal the bedrock
topography. The Erie-Huron Plain, however, owes much of
its smoothness and the present altitude of its surface to' the
drift mantle, which is not very thick near the lakes but which
increases in thickness southwestward and in parts of the Mis-
sissippi Lowland in northern Indiana is several hundred feet
thick. The present surface of northern Indiana is formed
entirely of drift and is but slightly affected by the form of the
bedrock surface; of which only the broader features are known.
The slope bounding the Allegheny Plateau owes its position
and height to the underlying rock, however, and if the
mantle of drift in the lowland were removed the plain and
plateau would be as distinctly separated and the escarpment
would be nearly as high and bold in central Indiana as in
northeastern Ohio. _ ‘

The general altitude of the Thumb Upland is due to the
resistant Marshall sandstone. Beneath the drift the bedrock
surface of the upland is in general high and is highest where
the present surface is highest. (See fig. 3.) The Saginaw Low-
land occupies a depression in the bedrock surface, which rises
again beneath the Northern Upland to about the same altitude
as beneath the Thumb Upland. There, is thus a rude corre-
spondence between the form of the present surface of the
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Lower Peninsula and that of the bedrock surface. The bed-
rock surface is covered, however, with a heavy mantle of drift,
which in the northern part of the peninsula reaches a thickness
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F16UrRE 3.—Relief map of the bedrock surface of the Southern Peninsula
of Michigan.

Elevation above sea level is shown by different shading for vertical intervals of 200 feet. The
lakes are about 580 feet above sea level.  The hachured line in the southeastern part of the
peninsula represents the crest of a rock cuesta which slopes gently northwestward.

of 1,000 feet, and it not only lies far below the present surface,
but beneath about half the area of the peninsula it lies below
the level of the lakes. (See fig. 3.) Indeed, the bedrock sur=
face of a considerable area in the northwestern part of the
peninsula lies nearly 600 feet below the lake level and a small
part of it is actually below sea level.

These low areas of the bedrock surface of the peninsula, as
well as much of the bottoms of Lakes Michigan and Huron, at
present lie too low to be drained to the sea. It is probable,
therefore, that they are now lower than they were in preglacial
time, but it can not yet be determined whether they have
been carried down by warping or by general subsidence or
have been scoured to a great depth by glacial erosion, although
both causes seem likely to have been operative.

Drainage.—The region lies partly in the drainage basin of
the St. Lawrence and partly in that of the Mississippi.
The Lower Peninsula of Michigan; the Erie-Huron Plain,
and a small part of the Allegheny Plateau in northeastern
Ohio and northwestern Pennsylvania are drained through the
Great Lakes to the St. Lawrence. The rest of the Allegheny
Plateau within the region and the part of the Mississippi Low-
land in Indiana are drained to the Mississippi, chiefly by way
of Ohio River but partly through Kankakee and Illinois
rivers. The divide between the two great drainage basins lies
near the northern margin of the Allegheny Plateau in north-
western Pennsylvania and in northeastern and north-central
Ohio. In western Ohio it turns northwestward and extends
across Indiana nearly to Lake Michigan between the tribu-

taries of Maumee and St. Joseph rivers on one side and

those of Wabash and Kankakee rivers on the other. Thence
it turns southwestward again parallel to and not far from the
lake shore. For much of its length it traverses nearly flat
country and is scarcely perceptible. .

The part of Ohio south of the divide and the part of
Indiana south of the latitude of Fort Wayne are well drained,
except at the extreme headwaters of the streams, and contain
few swamps and -almost no lakes. In northern Indiana and
the Lower Peninsula of Michigan the streams are postglacial,
the drainage is still youthful and obstructed, and swamps and
small lakes abound. The Erie Plain in northwestern Ohio
and southeastern Michigan is much better drained, but the
streams are still youthful, much of the country was swampy
before it was settled and artificially drained, and a few small
~lakes are scattered about.

Stratigraphy.—The indurated rocks of the region, exclusive
of the area north of Georgian Bay, which will not be here
considered, are wholly stratified rocks of Paleozoic age rang-
ing from early Ordovician to Pennsylvanian. (See fig. 4.)
The strata consist chiefly of limestone, dolomite, shale, and
sandstone, but they include also some conglomerate, as well
as thick beds -of rock salt, gypsum, and coal. The rocks
have been comparatively little disturbed or altered from their
original character. Many beds are richly fossiliferous.

The upper part of the Ordovician system is represented by

600 to 700 feet of limestone and shale. These rocks occupy
an area in southwestern Ohio and southeastern Indiana and a
belt along the northeast side of the peninsula and islands
between Greorgian:Bay and Lake Huron: The same belt turns
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- southward west of Lake Michigan, and a little of it is shown in |

the upper left corner of figure 4. The Ordovician strata
probably underlie all the rest of the region except northeast of
Georgian Bay and they have been penetrated in several places
by borings.

The Silurian system is rather fully represented by 200 to
1,000 feet or more of shale, limestone, dolomite, rock salt, and
gypsum. The rocks occupy a large area in eastern Indiana,
western Ohio, and about the west end of Lake Erie, and a
belt extending across the Ontario peninsula, along the north
side of Lake Huron, around the north end of the Lower
Peninsula of Michigan, and along the west side of Lake
Michigan. They also probably underlie all the rest of the
region except the area north of Georgian Bay and those where
Ordovician rocks occupy the surface.

- Although strata of Devonian age are more widely distributed

in the region than those of other ages, the system is not fully
represented, as Lower Devonian beds are almost wholly absent
and the Upper Devonian series is not well developed. Several
formations are found in only part of the region and the whole
assemblage of beds thins very greatly to the west and south.
The strata consist chiefly of limestone and shale but include
some sandstone. They occupy the western part of the Ontario

peninsula and both sides of Lake Erie except at its west end.

From this central area, where their thickness is about 1,700
feet, a narrow belt extends southward across Ohio, another,
somewhat wider, extends southwestward past Detroit and
across northern Indiana to Lake Michigan, and a third extends
northwestward beneath Lake Huron and reappears about the
north end of the Lower Peninsula. It continues southward
beneath Lake Michigan to join the second belt, and thus the
Lower Peninsula is surrounded by a belt of Devonian strata.
A fourth belt crosses Indiana from northwest to southeast.
Strata of Carboniferous age, comprising the Mississippian,
Pennsylvanian, and Permian series, occupy more of the region
than those of any other system. (See fig. 4.) They consist of
shale, sandstone, some conglomerate and limestone, and many
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FIaURE 4.—Geologic map of the central Great Lakes region.
From geologic map of North America, U. 8. Geol. Survey, 1911,

beds of coal. All three series are represented. Mississippian
strata, chiefly shale, sandstone, and limestone, 900 to 1,600
feet thick, occupy a belt extending westward across north-
eastern Ohio and thence southward across central Ohio, a

‘broad ring surrounding the central part of the Lower Penin-

sula of Michigan and occupying about half the area of the
peninsula, and a belt in west-central Indiana. Pennsylvanian
strata, in which the most abundant and thickest coal beds are

~ found, occupy eastern Ohio and extend southwestward toward

Kentucky, and also occupy the central area of the Lower
Peninsula of Michigan. In Ohio the Pennsylvanian series is
nearly 1,000 feet thick, in Michigan about 700 feet. The
lower part of the Permian series, consisting of 500 feet or more
of shale and sandstone with some beds of coal and of lime-
stone, occupies an area in southeastern Ohio, southwestern
Pennsylvania, and northern West Virginia.

Throughout nearly the whole region the indurated rocks are’

covered by a thick blanket of unconsolidated deposits of
Quaternary age, chiefly of glacial origin or derivation, which
in places is hundreds of feet thick. These deposits consist
chiefly of till and glacial outwash, but they also include much
alldvium in the valleys of the larger streams and extensive
lacustrine deposits about the shores of the Great Lakes and in
other places. :

Structure.—The strata were originally deposited in a nearly
level position- and have been but slightly disturbed since.
However, as they were laid down in more or less basin-like

" areas they probably had at least some original dip of deposition, -

and they have since been gently warped in such a manner as
nearly everywhere to accentuate that dip. Accordingly the

region. now displays broad and subdued but nevertheless
definite structural features. These are the Michigan basin,
the Pittsburgh basin, and the Cincinnati arch with its pro-
longations toward the northeast and northwest.

The Michigan basin or syncline, the most prominent of
these features, occupies the whole of the Lower Peninsula,
with some of northwestern Ohio and northern Indiana and
parts of the beds of Lakes Michigan and Huron. The cen-
ter and structurally the lowest part of the basin is in the
center of the peninsula, toward which the strata dip from
all sides. The formations are arranged like a nest of wooden
butter bowls, concave side up, with the youngest and small-
est occupying the surface at the center of the basin and
successively older formations emerging from beneath about
the margin and outcropping in concentric zones about the
central area. ’ o
~ The southeastern part of the region shown in figure 4 is a part
of the Pittsburgh basin or syncline, a similar but less regular
synclinal basin whose center is not far from the southwest
corner of Pennsylvania. The arrangement of the strata
therein is similar to that of the Michigan basin, except that a
greater thickness of strata is involved and younger beds occupy
the center of the basin. In western Pennsylvania and eastern
and central Ohio the beds dip southward, southeastward, and
castward toward the center of the basin and in a direction
opposite to those of northwestern Ohio and southeastern
Michigan.

In western Indiana the beds dip southwestward toward a
third synclinal basin, that of central Illinois, of which only
a part of the northeastern flank is included in the area shown
in figure 4. '

Between the Pittsburgh and Illinois basins lies the Cin-
cinnati arch or anticline, a broad, roughly oval dome. The
oldest and stratigraphically lowest strata are exposed at the
center or structurally highest part of the fold, from which the
beds dip outward in all directions, and successively younger
and overlapping formations outcrop in concentric zones about
the central area. The strata west of the Cincinnati arch dip
west toward the Illinois basin, those north of it dip north
toward the Michigan basin, and those east of it dip east toward

- the Pittsburgh basin. Only its northern part is included in

the region shown in figure 4. The southern end of the main
arch is in central Kentucky, beyond which area a broad, low,
anticlinal swell extends southwestward into Alabama.

At its north end the Cincinnati arch divides into two
anticlinal swells, one of which extends northwestward across
Indiana to the neighborhood of Chicago as a broad, low, anti-
clinal cross fold which separates the Illinois and Michigan
basins and connects the Cincinnati anticline with that extend-
ing from northern Wisconsin southward into Illinois. The
other and more important branch extends northeastward across
the west end of Lake Erie and into Ontario as a similar broad,
low, anticlinal belt which separates the Michigan and Pitts-
burgh basins and connects .the Cincinnati anticline with the

- pre-Cambrian area of east-central Ontario.

The region immediately about Detroit, including Lake St.
Clair and the southwest end of the Ontario Peninsula, is
situated nearly where this anticlinal swell is crossed by a line
joining the centers of the Michigan and Pittsburgh basins, or, in
other words, in a “saddle” at the lowest part of the anticlinal
axis. This peculiar position and the consequent relation of
the district to several of the broad structural features of the

‘general region have had a marked effect on the geologic history

and physiographic development of the district.

Qutline history—The decipherable history of the region
begins in the Paleozoic era, as all record of the long and
perhaps complicated series of events of pre-Cambrian time has
been destroyed or is buried beneath the Paleozoic strata. In a

* great part of the region the record of early Paleozoic time also

is so deeply buried that the strata deposited then have been
penetrated only in a few widely separated deep borings, and
much of the history of that time has to be inferred from the
record exposed in adjoining regions. That part of the history
of this region of which the record is still legible comprises
three general periods, during each of which conditions in the
region were strikingly different. The first, which lasted until
near the close of the Paleozoic era and probably was several
times as long as the other two together, was characterized
chiefly by marine sedimentation. The second, which lasted
throughout the Mesozoic era and the Tertiary period of the
Cenozoic era, was a time of subaerial denudation of a conti-
nental land mass. The third and shortest, lasting only through
the Pleistocene epoch of the Quaternary period, was a time of
glaciation. As it closed but recently, geologically speaking, its
record is comparatively fresh and legible and its share in the
development of the topographic form and physical conditions
of the region is much more obvious, especially in matters of
local detail, than those of the previous ages. As will be shown
later, however, the events of the Paleozoic era have had a con-
trolling effect on all the subsequent history of the region and
therefore were the principal factors in the development of the
present conditions.



During the early part of the Cambrian period the region was
presumably land which was being worn down by erosion to
near sea level. This land was a part of the ancient continent
of Laurentia, which occupied nearly all of eastern Canada and
some of the northern United States. It was separated by the
Appalachian Strait from the continent of Appalachia, which
occupied the southeastern United States and extended for
an unknown distance eastward and southward. The south-
western part of Laurentia gradually subsided and in Upper
Cambrian time the interior Paleozoic sea spread widely over
the region. The earth’s crust was constantly undergoing slow
warping and the relative level of sea and land and the position
of the shore were constantly changing, but probably the sea
was never quite absent and marine deposition was going on
somewhere in the region until well into Permian time. Dur-
ing much of the Paleozoic era a great part of the region was
submerged and thus, in course of time, the several thousand
feet of strata now found in the region were accumulated. At
times, especially early in the Devonian period and again at the
beginning of the Pennsylvanian epoch, the land rose so that

~ the sea withdrew from nearly all, perhaps all, the region and

land conditions prevailed generally for a time. At other times
deposition was confined largely to the main basins and the
rest of the region was land. This may have been the case
late in Devonian time and probably was the case in mid-
Mississippian time.

By the beginning of the Silurian period, if not earlier, the
main structural features were already outlined. The Cincin-
nati arch had begun to rise and formed an island, which prob-
ably was never again completely submerged and which several
times became a peninsula joined to Laurentia. The Pittsburgh
and Michigan basins also began to develop at an ear]y date.
At length, near the close of the Paleozoic era, the region, in
common with a large part of eastern North America, was
greatly elevated—certainly many hundred, perhaps several
thousand feet—the sea withdrew finally from the whole region
and marine deposition ceased. In a large part of the Appa-
lachian province the elevation was accompanied by great defor-
mation of the rocks and extreme metamorphism of some of
them. In the central Great Lakes region, however, the defor-
mation seems to have been confined almost wholly to warping,
which generally somewhat accentuated the structural features
previously outlined, and was unaccompanied by metamorphism.

The net result of the fluctuations of the Paleozoic sea and in
the conditions of sedimentation was that the strata deposited in
it are not uniform in lithologic character but differ from
place to place and from one formation to another. Moreover,
the formations were not uniformly deposited throughout the
region but are more or less local in their distribution, are of
irregular thickness, and different ones thin out in different
directions. All these factors, as well as the broad geologic
structure of the region, have had an influence on its subse-
quent history and the development of the present topography.

During the Mesozoic era the region was undergoing denuda-
tion by the weather and by streams. Alluvial deposits were
undoubtedly formed and later cut away, but at no time,

so far as any record remains, was the region submerged,

by standing water. Only the general outlines of the his-
tory of this time are known, however. The surface of the
originally higher parts of the region was.lowered hundreds of

feet by denudation and at length practically the whole region '

was reduced to a nearly featureless plain lying near sea level.
Such reduction, followed by renewed uplift and dissection of
the uplifted plain, probably occurred more than once during
the long time included in, the Mesozoic era, but that the sur-
face was at least once so reduced, toward the close of the era, is
fairly certain. The highest parts of the bedrock surface in the
Lower Peninsula, both in the Northern Upland and in the
Thumb Upland, and the general upland bedrock surface of
the’ Allegheny Plateau in Indiana and western and southern
Ohio are regarded as remnants of this old, nearly base-leveled
surface, or peneplain which is tentatively correlated with the
Highland rim peneplain of Tennessee. Here and there small
areas, either along the main divides or underlain by more
resistant rocks, remained standing somewhat above the general

level, and a large part of central and northeastern Ohio also

seems not to have been reduced so low as the rest of the region.

Near the beginning of the Cenozoic era the region was
again uplifted several hundred feet and active denudation
was resumed. The uplifted peneplain was extensively dis-
sected by the revived drainage and the parts now remaining
as plateau and uplands were deeply trenched by the new

valleys. This erosion cycle lasted until a considerable part

of the surface was reduced nearly to the new base-level and
formed a partly developed peneplain, now represented by the

- bedrock surface of the Erie-Huron Plain and probably of at

least part of the Mississippi Lowland. In the formation of
the older peneplain the erosion cycle had been so long that
the rock structures had been beveled, and resistant and weak
beds alike had been planed down to a nearly uniform surface,
across which the trunk streams flowed in courses that were

- mainly independent of the rock structure.

Detroit,
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In the new cycle the areas underlain by the less resistant
beds, which are in general those of Ordovician, upper Silurian,
and Devonian age, were soon reduced nearly to the new base-
level. On the other hand, those underlain by the more resist-
ant beds, in general those of middle Silurian, Mississippian,
and in the Allegheny Plateau also of basal Pennsylvanian
age, were little reduced, though much dissected. When this
cycle in turn was closed by uplift such areas formed residual
plateaus and uplands. The younger peneplain was developed,
therefore, chiefly in areas where the surface was occupied by
Upper Silurian and Devonian rocks, and the areas where those
rocks were protected by a capping of more resistant Mississip-
pian formations remain as dissected residual areas of the older
peneplain. The broad reentrants in the northwest margin of
the Allegheny Plateau are opened out on belts of the less
resistant formations that extend southward along the flanks of
the Cincinnati arch and so were exposed on the surface of the
old peneplain.

As the streams sank their valleys into the uplifted older
plain the main streams cut down so rapidly that they held
their courses across the rock structure and thus deeply notehed
the escarpments that were being formed along the margins
of the more resistant formations. One such stream seems to
to have flowed directly across the Michigan basin, apparently
from east to west, before the uplift. When it again began to
deepen its valley it breached the ring of Mississippian strata
about the basin and began to open out a lowland on the less

resistant Pennsylvanian beds in the center of the basin, the

beginning of the Saginaw Lowland. Thus was outlined the
present form of the bedrock surface of the Lower Peninsula—
uplands on resistant Mississippian rocks in the north and
south, separated by a broad valley cut largely in Pennsyl-
vanian strata, and the whole surrounded by a belt of plains
opened out on Devonian and upper Silurian beds.

The younger erosion cycle was at length terminated by
renewed uplift, probably in late middle Tertiary time. The
streams of the plateau and uplands began again to deepen
their valleys and those of the plains and lowlands began to
cut new valleys. This process was going on when interrupted
by the advance.of the Pleistocene ice, and the present features
of the bedrock surface, except those due to glacial erosion, date
from this time. The surface at this time had much the same
form as the present land surface, though probably differing
considerably from it in altitude. The position of some of the
main drainage lines is fairly well known, though geologists are
not agreed as to the direction of the master drainage and its
point of ultimate discharge. The depression in part occupied

by Lake Erie and in part by the basins of Maumee and

Wabash rivers was undoubtedly the main axis of drainage,
toward which several streams draining the Allegheny Plateau
flowed in general northwesterly courses. The eastern part of
the Thumb Upland also was drained southeastward to that
valley, and the western part was drained to the Lake Michigan
basin, largely by the stream that flowed westward through the
Saginaw Lowland.

In the Quaternary period entirely new conditions set in.
Great sheets of ice that formed continental glaciers spread out-
ward from centers of accumulation in Labrador and in an area

* west of Hudson Bay and advanced southward into the United

States as far as New Jersey on the Atlantic coast and to the
thirty-eighth parallel in southern Illinois. Four or five such
ice sheets successively invaded the North Central States and at
least two of them—the third or Illinoian and the last or Wis-
consin—covered the Lower Peninsula of Michigan. At the
time of 'its greatest extent the Illinoian ice covered about two-
thirds of Ohio and five-sixths of Indiana, and between Cincinnati
and Louisville it reached a little south of the present course of
Ohio River. At both times the ice that covered this region
came almost Wholly from the center in Labrador and advanced
across the region in a general southwesterly direction. As the
ice advanced it eroded the surface more or less, making the
relief greater in some places and less in others, and it picked
up and carried along a great quantity of stones, clay, and sand.

These times of glaciation were separated by interglacial
stages ‘when the climate was mild, perhaps milder than at
present, and the ice sheets melted away from the region and
far back into Canada and may, in fact, have wholly dis-
appeared. As the ice melted, some of the material it had
carried along was left where deposited from the ice, and some
was carried away by streams flowing from the ice and deposited
as outwash. The mantle of glacial drift was several hundred
feet thick in places, and in areas of slight bedrock relief it
formed an entirely new surface. During the interglacial stages
the surface was clothed with vegetation and inhabited by ani-
mals, and huge mammals—some of types now extinet, such as
the mammoth and the giant sloth—roamed over the plains.
During each interglacial stage, as well as since the final disap-
pearance of the ice, a new system of drainage was established
on the new surface and dissected it more or less.

In its advance the Wisconsin ice sheet destroyed almost all
record of the previous events of Pleistocene time in the area
covered by it, but the record of events during its wane is well

preserved and is of great interest. The flow of the ice appears
to have been spasmodic rather than regular, and times of com-
paratively rapid advance were separated by intervals of stagna-
tion. At first the forward movement dominated, but after the
ice sheet had reached its greatest extent and the climax of the
Wisconsin stage had passed the reverse became true, and the
ice melted rapidly, the sheet as a whole became much thinner,
and during the stagnant intervals its margin retreated a long
way. During the short times of renewed flow or reduced

melting, however, the ice front again moved: forward for some '

distance, and thus while the ice was disappearing its margin
oscillated back and forth across the region, though the domi-
nant movement was that of retreat. At each time of revived
activity fresh material was brought forward and deposited
where that movement ceased and formed a recessional moraine.
A complicated series of such moraines was formed during the
dlsappearance of the Wisconsin ice from the central Great
Lakes region, and in areas of slight relief, like the Detroit

district, they are the most prominent features of the present

topography.

The larger features of the bedrock topography in the region
before the ice invasion were much the same as at present and
must have affected the flow of the ice, at least locally. At the
time of its greatest extent the ice was so thick over the Detroit
district that its movement could not have been greatly influ-
enced by the form of the bedrock surface in that neighbor-
hood, but during the wane of the ice sheet, when it had
been greatly thinned by melting and its margin had retreated
a considerable distance, both the direction of movement and
the form of the ice front were practically controlled by
the topographic conditions. The ice was held back by the
areas of high ground—the Northern Upland and Thumb
Upland and the salient points of the Allegheny Plateau—

. and pushed forward in the areas of low ground—the basins

of the present Great Lakes, the Saginaw Lowland, and the
low country between the Thumb Upland and the Allegheny
Plateau—and the ice margin thus assumed a markedly lobate
form. From the farthest points reached by the lobes they built
crescentic recessional moraines across the lowlands. The ice
spread both ways from the axes of the lobes and carried con-
siderable drift onto the surface of the uplands. Each series
of recessional moraines is thus a chain of loops between which
are deep reentrants occupied by interlobate morainal deposits
of great thickness that have materially increased the altitude of
the uplands.

In the vicinity of Detroit there were three such lobes that
have affected the history of the district. The Erie lobe moved
westward along the valley now occupied by Lake Erie and
spread northwestward to Detroit and southwestward into Ohio;
the Huron lobe moved south in the southern part of the
Huron basin and spread to the east and west; and the Saginaw
lobe moved southwestward in the Saginaw Lowland. (See
fig. 8, p. 14.) The Thumb Upland was an interlobate area
between the three, at first completely covered by ice, but
later, when the ice had melted away to the Detroit neigh-
borhood, it barred further advance of the ice and remained
bare.

The drainage from the meltmg ice at ﬁrst.escaped freely to
the south and found its way to Mississippi River, but as the
ice margin began to retreat northward down the slope to
the present drainage basin of the St. Lawrence, the water was
ponded in a series of small lakes between the ice and the
northern margin of the Allegheny Plateau. As the ice melted
back and lower ground was uncovered in front of it the level
of these lakes was lowered and at the same time they broadened
and united to form the first small representative of glacial
Lake Maumee, which soon grew to its full size. This was the
first of a long series of glacial lakes that occupied the basin of
Lake Erie and more or less of the surrounding territory.
During the oscillatoiy retreat of the ice margin across the
Great Lakes region several outlets were successively opened
some of them to be closed again by readvance of the ice, and
the drainage of the region immediately about Detroit was first
westward into the Mississippi, later eastward into the Mohawk
and Hudson, and finally into the St. Lawrence. The water
level fell, on the whole, from the first to the last of these lakes,
but as a much greater part of the region was free from ice

the later lakes were larger than the earlier ones. - Most of the

lakes lasted long enough for distinet beaches to be built about
their shores, and this series of elevated beaches forms one of the
most interesting parts of the geologic record in the Detroit
district. The history of the lakes and of the formation of the
beaches is given in detail under “Geologic history.”

The end of the Pleistocene epoch was marked by the ﬁnal
disappearance of the ice from the drainage basin of the Great
Lakes. The lakes did not assume their present form and
relations for some time after that date, however, as, owing to
a progressive uplift of the land to the northeast which followed
the disappearance of the ice, outlets were still shifted and the
size and ‘level of the lakes changed from time to time. Lake
Erie was for a time smaller than at|present, and the conditions
about Detroit were quite different from those of to-day.




Since the ice disappeared the streams have in places cut
through the drift to bedrock and have cut gorges in it, and in
other places have partly cleared out the old drift-filled valleys.
They have also cut into and terraced the outwash deposits left
by the glacial streams and here and there have cut through the
recessional moraines and the lake beaches, although the general
course of the postglacial drainage has been determined very
largely by the position and trend of the beach and morainal
ridges. . The surface has again been covered with vegetation
and rendered habitable. The latest chapter in the history of
the region has been the story of its settlement by man, who
has taken advantage of geographic and geologic conditions
where they were favorable and has to some extent modified
them where they were not.

The commercial importance of the Detroit district is due to
the combination of favorable conditions already noted. One
of these conditions is the abundance of rock salt, anhydrite, and
limestone just beneath the surface of the district, another is its
situation adjacent to navigable waters, and a third is the prox-
imity of the coal field of the Michigan basin and the forests
of the Northern Upland. More important still, however, is
its situation at the point of crossing of two great routes of
trade.

Perhaps the most important land trade route of the country
is that which connects Chicago and the agricultural region of
the Middle West by way of Buffalo with New York and the
densely settled belt of the Atlantic seaboard. The traffic
between these points of course follows more than one route,
but the most used route is the one which is naturally the most
favorable and which crosses northern Indiana, traverses the
Erie-Huron Plain to central New York, and thence follows
the Mohawk and Hudson valleys to the sea. It is throughout
~ a low-grade route, traversing plains or valleys and nowhere
more than 800 feet above sea level. Some of the railroad lines
that follow this route run south and some north of Lake Erie.
The northern route, which is shorter, is possible because Lake
Erie is separated from Lakes Huron and Ontario by peninsulas
and is joined to them; not by broad straits, but by rivers, one
of which is easily tunneled and the other easily bridged, thus
affording a continuous land route. A great part of the heavy
freight therefore takes the northern route, though the bulk of
the passenger traffic follows the longer southern route, partly
because it is wholly within' the United States, but chiefly
because it passes through several large cities.

Again, the most important water trade route of the continent
is the one which eonnects ports on the upper Great Lakes with
those on ‘Lake Erie ‘and with the Erie and Welland canals.
All the traffic, which is heavy in both directions, passes
through Detroit River. The Detroit district lies alongside the
water route at the point where it is crossed by the northern
land route between Chicago and Buffalo, and in a most favorable
place for a manufacturing and distributing center.

That two great trade routes cross at this point is due partly
to the fact that Lakes Huron and Erie are not a continuous
body of water but are separated by a fairly wide land bridge,
though joined by a large and deep river, and partly to the fact
that the Mississippi Lowland and the Erie-Huron Plain form
a continuous low belt between the uplands of the Lower
Peninsula of Michigan on one side and the Allegheny Pla-
teau on the other. The land trade routes naturally follow and
are concentrated in the lowland belt and are not seriously

“interrupted by the river that joins the lakes, which is, how-
ever, large enough to permit uninterrupted water traffic between
 the lakes, though confining it to a single line. All the traffic

therefore maturally converges at the point where the railroads

can reach and cross the river most easily, and at that point
Detroit is situated.

The controlling. conditions are, therefore, the number, form,
and manner of connection of the three lakes—Huron, Erie,
and Ontario—and the relief of the surface. The lakes owe
their existence to the fact that the region has been glaciated,
and their number, outlines, and mutual relations are controlled
largely by the recessional moraines formed by the Wisconsin
ice sheet during its disappearance from the region. The
depressions in which they lie, however, are very largely
features of the preglacial relief, which was also the chief factor
that affected: the flow of the ice and the form of its margin
during the building of the moraines and the birth of the lakes.
The preglacial relief was the result of the denudation, at times
interrupted by uplift, of a region underlain by stratified rocks

of different sorts which had been somewhat tilted and warped

into arches -and basins. Lastly, not only the attitude of the
strata but their lithologic differences are due to oscillations of
the earth’s crust during and after their deposition in Paleozoic
time, as such movements affected not only the position of the
beds but the conditions under which they were laid down.
Back of this it is impossible to go, as the cause of the oscilla-
tion of the earth’s surface is not known. The present topo-
graphic conditions in the region are therefore not only due to
the processes that have modified .the surface in Mesozoic and
Cenozoic time but trace their origin back to the events and
processes of early Paleozoic time.
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To recapitulate briefly: The oscillations of the earth’s crust
during and following the deposition of the strata in the
Paleozoic era caused the deposits to differ greatly in character
and thickness from place to place and from time to time and
gave to the accumulated strata slopes away from some areas
and toward other areas.
produced in the region, its planation in late Mesozoic time,
long after final emergence and uplift, produced a surface that

‘was occupied in different parts by rocks of greatly different

resistance to erosion. When the region was again uplifted and
further denuded a new surface, diversified by uplands and low-
lands, was produced. The region was then glaciated, its his-
tory during the glaciation being controlled largely by its
relief, and the form of its surface and the course of its drain-
age was greatly modified, and the Great Lakes were formed
in the larger and deeper depressions.. The final results are
the present geographic conditions and relations in the region
and their control of its occupation by human beings. The
Detroit district, then, in common with the rest of the central
Great Lakes region, owes much of its present character and
development as the abode of civilized man to events which
took place relatively early in geologic time, many millions, of
years ago. '

TOPOGRAPHY.
RELIEF.

General character—The main topographic features of the
district are a moderately hilly morainic belt (see Pl IV),
which occupies the northwest corner, and a rather expression-
less plain, which occupies the rest of the area. The two
regions are now separated by the old beach of glacial Lake
Whittlesey, whose crest within the district ranges from 735 to
740 feet above sea level. Between the beach and the 800-foot
contour is. a narrow strip which partakes somewhat of the
character of each of the two areas but which falls more natur-
ally into the hilly belt.

Hilly belt.—The character of the hilly belt, which occupies
only 7 per cent of the surface of the district, is due to numer-
ous clay and gravel knolls and interlocking ridges, whose
summits range in altitude from that of the Whittlesey beach
up to 960 feet above sea level. The slopes are as a rule gentle
(see PL. IV) and in many places descend to undrained depres-
sions low enough to furnish a local relief of 100 to 125 feet.
The highest summits, which are in Novi Township, are nearly
400 feet above Lake Erie, and the total relief in the district is
therefore nearly 400 feet. The surface of the hilly belt is more
or less strewn with subangular to.rounded bowlders and cob-
bles, disposed in no apparent order. Toward the southeast the
knolls and ridges are more subdued and near the Whittlesey
beach they merge into the lake plain.

Lake plain.—From an altitude of 720 feet above sea level at

the inner margin of the Whittlesey beach the surface descends

southeastward to Lake Erie and Detroit River at a slope of
approximately 8 feet to the mile. Much of this area appears
absolutely flat and featureless, although it has been, incised by
streams to a maximum depth of 70 feet below the general level.
Along the east side of the area, near the lakes and the river,
the lake plain merges into low swampy tracts, which lie
slightly above the lake level and occupy about 11 square miles.
Ridges of sand, and here and there of gravel, having a general
northeast-southwest trend, are superposed upon the lake plain.
The slopes of the higher mounds and erescentic ridges, which
rise 20 to 25 feet above the plain, are steep, and the rise from
the outer margm of the lake plain to the crest of the Whit-
tlesey beach is also rather abrupt and conspicuous, as well as
strikingly regular.

Detroit interlobate moraine.—A  broad, low swell, known as~

the Detroit interlobate moraine, extends from the vicinity of
Birmingham, just north of the district, southeastward across
the lake plain. As a topographic feature it is poorly defined
and inconspicuous and merges into the lake plain along its
flanks. Although quite unrecognizable to the eye, it has,
nevertheless, controlled the drainage and has determined the
position and trend of the beaches crossing it. Where it enters
the district it is approximately 8 miles broad and its crest lies
about 700 feet above sea level, but it narrows considerably
toward Detroit and its crest descends gradually at an average
rate of 6 feet to the mile. Near Detroit River the slope is
steeper, 25 feet in a quarter of a mile.

Parallel ridges.—The eastern part of the district, both on
the mainland and on many of the islands in Detroit River,
is characterized by a series of parallel subdued clay ridges,
so evenly spaced, regular, and continuous as in places to
resemble corrugations in the surface. The individual ridges
are rarely a mile long, die out gradually at their ends, have
gentle side slopes, trend in general parallel to the river, and
are so disposed that their crests are commonly a fourth to an
eighth of a mile apart. The relief from trough to crest ranges
from almost nothing in the most subdued ridges to 15 feet in
the boldest ones. These ridges are most conspicuous in the
northeastern and the southeastern parts of the district and in

Owing to the diverse structure thus’

 imum of 2,780 cubic feet.

reality they form a continuous belt, but the middle part of the
belt lies across Detroit River in Canada. At the south the
belt is about 12 miles broad, but it narrows northward. It
is rather generously supplied with bowlders and cobbles.
Throughout its course it lies mainly between the 580-foot and
600-foot levels, and the ridges are, therefore, only imperfectly
indicated on the topographic maps.

DRAINAGE.

General character.—The drainage of the district is character-
ized by several noteworthy peculiarities—all the streams are
still in the stage of youth; most of them have northeasterly or
southeasterly courses; the streams along the eastern border of
the district are much younger, both in years and in stage of
development, than those in the western part; and the lower
ends of the valleys of the streams that flow completely across
the district are younger than the middle and upper parts.
Another striking characteristic of the streams that flow into
Detroit River and the two lakes is their drowned condition
near their mouths, where they have sluggish currents, their
former banks are submerged, and they are bordered by broad
marshy tracts. In the narrow main channels the depth is
greater than would be expected for slack-water conditions,
the beds of the streams being from 10 to 30 feet below the
level of the bodies of water into which they flow. All the
larger streams except Detroit River are bordered by rela-
tively broad flood plains, which extend well up to their heads,
consist of the ordinary dark alluvial soil, and contain numerous
oxbow lakes. -

Detroit River.—Receiving as it does the natural drainage
from the upper three Great Lakes, the Detroit originates in
Lake St. Clair as a stream of magnificent proportions, whose
breadth increases from 2,200 feet opposite Detroit to 4 miles
where it enters Lake Erie. Its greatest measured depth, oppo-
site Woodward Avenue, in Detroit, is 45 feet. Along the
main channels the depth ranges from 18 to 40 feet, being
least at Limekiln Crossing. Where it cuts through the
Emmet and Grosse Isle moraines, near Detroit and Trenton,
the river is dotted by islands, apparently the higher parts of
clay or gravel ridges. From the head of Fighting Island to
Belle Isle, a distance of more than 9 miles, the river channel
lies west of the moraine, contains no islands, and is narrow
and deep.

The altitude of the surface, the velocity of the current, and
the volume of discharge of the river vary greatly with the
levels of the two lakes which it connects, and these levels are
in turn dependent on the season, the special climatic condi-
tions, and the force, direction, and duration of the wind. The
mean altitude above sea level of the surface of Lake St. Clair
is 576.17 feet and that of Lake Erie is 573.11 feet; hence the
river has a fall of 3.06 feet, or 0.11 foot to the mile. Opposite
Detroit the average surface’ velocity is approximately 2 miles
an hour and the average discharge is 210,000 cubic feet a
second. The water ordinarily shows little turbidity, is never
laden with much sediment, and contains, in comparison with
ordinary streams, little mineral matter in solution.

Tributary streams.—The largest and most completely devel—
oped drainage system of the district is that of River Rouge,
with its eastern, middle, and southern branches, which unite in
a short trunk stream east of Dearborn. Its basin includes
nearly all the Wayne quadrangle and about one-half of the
Detroit—approximately 320 square miles. Its headwaters rise
in the hilly belt, draining the swampy uplands in poorly
defined channels or coursing down the flanks of the morainic -
knolls in sharply cut gullies. Their average fall is from 8 to
11 feet to the -mile. The valley of the main stream east of
Dearborn is nearly 8,000 feet wide, with broad flood plaing
6 to 10 feet above the ordinary river level and banks about 20
feet higher. The stream itself is 40 to 50, feet wide, 8 to 10
feet deep, and generally charged with yellowish sediment.
The fall to Detroit River is only 4 feet in 7} miles, which
produces a very sluggish current. At Oakwood a small tribu-
tary, now known as Campbell Creek but originally as the East
Branch of the Rouge, enters from the north, with its short
drowned tributary Knaggs Creek. Near its mouth the Rouge
makes a detour to the north and east to reach Detroit River,
to which a direct connecting canal about half a mile long was
constructed in 1888.

The Huron enters the Romulus quadrangle near Belleville,
is deflected eastward for 3} miles, and thence pursues a general
southeasterly though winding course to Lake Erie. The
average fall is about 24 feet to the mile but becomes less toward
Rockwood, below which place the stream is drowned. The
average depth in midchannel is 12 feet in this part of its
course, but depths as great as 30 feet are reported. The mean
monthly discharge of the river at Flat Rock ranges from 551
to 820 cubic feet a second, with a minimum of 116 and a max-
Moderately clear during ordinary
stages, at flood the stream carries much sediment, and has
formed a delta in Lake Erie hetween 2 and 3 square miles in
area. At New Boston the valley is 1,800 feet broad and its
banks are 34 feet above the bed of the stream. The modern



flood plain is about 12 feet above the bed, with remains of a
terrace approximately 8 feet higher, or about 625 feet above
sea level. At Flat Rock the valley is 1,600 feet broad, with
banks 22 feet high, the stream itself having a breadth of 130
to 140 feet. At South Rockwood the valley has narrowed to
1,400 feet and the stream to 100 feet, with a depth of 7 feet,
the altitude being the same as that of Lake Erie.

The southwest corner of the district is crossed by two nearly
parallel streams—Swan Creek and Stony Creek—with south-
easterly courses into Lake Erie. The north branch of Swan
Creek parallels Huron River for about 23 miles, generally
only 2 to 4 miles distant but on a higher level. West of
Willow the divide between the two is less than a quarter of a
mile across. :

In the eastern part of the district a number of minor streams
flow directly into Detroit River. Named in order, from south

to north, they are Brownstown, Big Marsh, and Monguagon
~ creeks, on the mainland, and Frenchmans Creek, on Grosse
Isle, Ecorse River (with its three branches), Conners Creek,
and Fox Creek. Within the present limits of Detroit two
other streams—Savoy Creek and Bloody Run—have been in
large part obliterated by grading and sewers. In the main
these streams are youthful, have rather straight courses, are
intermittent for considerable distances, have no branches, and
do little cutting. Conners Creek has a fall of about 60 feet,
an average of 6 feet to the mile, and in the middle part of its
course has banks 12 to 18 feet high. All, like the larger
streams, are drowned near their mouths.

Ponds and swamps.—In striking contrast to the adjacent
parts of Oakland and Washtenaw counties the Detroit district
is deficient in ponds and small lakes. Aside from the numer-
ous oxbow lakes or bayous, on the river flats, Yerkes Lake is
the only natural inland lake. It lies about a mile east of
Northville, is approximately 1,170 feet long by 840 feet wide
and elliptical in outline, and has an average depth of 28 feet,
and, so far as known, a maximum depth of 839 feet. It is fed
by springs, is surrounded in part by swamps, and at high
stages drains southwest into the Middle Rouge.

Where the streams are dammed ponds are formed, which
give rise to swampy conditions about their margins. The
largest such pond is at Belleville. Other small artificial ponds
occupy hollows and abandoned excavations at many places.

Although the topography of the district is such that practi-
cally no natural lakes have been formed, the minor surface
features have obstructed the drainage sufficiently to give rise
to extensive marshes. Those bordering Lake Erie, Detroit
River, and the drowned lower courses of some of the streams
have already been mentioned. Drainage and cultivation have
done much toward the obliteration of the marshy areas, which
impeded travel in the early days of the settlement of the
region, served as breeding places for mosquitoes, and greatly
retarded the development of the State. The topographic map
issued by the first Geological Survey of the State shows the
location of the principal formerly marshy areas in Wayne
County, and a comparison of it with the topographic maps in
this folio shows the extent to which the marsh lands have been
reclaimed by drainage.

CULTURE.

The population of the district in 1910, according to the
census of that year, was approximately 542,000, chiefly con-
centrated along Detroit River. In 1915 (July) the principal
city, Detroit, was credited with a population of approximately
555,000. Wyandotte—more than 9,000 inhabitants in 19156—
is the only other city, but the district includes also 20 incor-
porated villages. The strictly rural population averages about
50 to the square mile, or about one family to 65 acres.

Detroit is an important manufacturing center. The clay-

working, salt, alkali, and soda-ash industries in the neighbor-

hood, as well as the limestone quarries in the lower Detroit
River. region, also furnish employment to a large number of
workmen. The chief industry of the rural population is
agriculture, including truck gardening, fruit growing, and
dairying.

Numerous lines of steam and electric railways radiate from
Detroit, and Detroit River is one of the great waterways of the
world, its annual tonnage exceeding that of the Suez Canal.
To obviate the frequent ice blockades experienced in ferrying
cars between Detroit and Windsor during the winter the
Michigan Central Railroad has constructed a double tunnel
beneath the river, through which trains are drawn by electric
motors. The district is well covered by a network of high-
ways, which, owing to the character of the soil, were formerly
in poor condition, especially at certain seasons of the year; but
an elaborate system of gravel, concrete, and macadam roads is
now in process of construction. Most of the roads follow town-
ship and section lines, being shifted here and there, however, to
take advantage of the topography. In a strip along the banks
of Lake St. Clair and upper Detroit River the main roads are
parallel or perpendicular to the boundaries of the old French
claims. This is also true of the streets of Detroit, scarcely one
of which runs north and south or east and west.

. Detroit.
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DESCRIPTIVE GEOLOGY.

STRATIGRAPHY.
CHARACTER OF ROCKS.

The rocks of the Detroit district, which are all sedimentary,
comprise indurated strata of Paleozoic age and unconsolidated
surficial deposits of Quaternary age. The latter, which consist
of till, gravel, sand, and clay, include glacial, fluviatile, and
lacustrine deposits of Pleistocene age and lacustrine and allu-
vial deposits of Recent age. They attain a thickness of 200
feet or more and occupy the entire surface of the northwestern
part of the district and most of that of the remainder, the
natural exposures of bedrock being few and scattered.
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F1auRE 5.—Generalized section of the rocks that form the surface beneath
the drift in the Detroit district, as determined by the Michigan Geo-
logical Survey.
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The later Paleozoic strata, which outcrop at the surface or
immediately underlie the drift, consist of dolomite, limestone,
shale, and sandstone, and range in age from late Silurian to
early Carboniferous (see fig. 5), though a considerable part of
the Devonian system is not represented. Their distribution
beneath the drift is shown in the bedrock-geology map. All
these formations thicken northwestward, and their combined
thickness in the district ranges from about 1,000 feet in the
southeastern to perhaps 1,600 feet in the northwestern part.
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F1aURE 6.—Section of Eureka deep well at Wyandotte, Mich.
From Michigan Geol. Survey, vol. 5; reinterpreted by the author.
Scale : 1 inch=500 feet.

NoTE.—S8ince this text was written a well at Dearborn, Mich., has been
sunk by H. R. Ford to a depth of 4,085 feet. The log of thls well has
been interpreted by R. A. Smith, of the Geological Survey of Michigan,
as shown below. The modifications in brackets were made by E. O. Ulrich.

Strata penetrated in well at Dearborn, Mich.

Pleistocene - . e 125
Dundee limestone._______ . ... ... e 90
Detroit River dolomite___.________________________________ 280
Sylvania sandstone___________._____________________ e 125
Bass Islands dolomite___________ . .. 370
Salina formation... . ____________ .l ___ 1,285
Niagara group... . e 100
Medina to Utica shale____.__._____ . __ .. ... 725
“Trenton” limestone [mainly Black River]._.____._.______ 875
Beekmantown dolomitic sandstone [St. Peter?].....__.___ 110

Depth oo e 4,035

Beneath the formations that outcrop or directly underlie the
drift within the district are other strata of Silurian and Ordo-
vician age, at least 2,000 feet thick, as revealed by deep borings
in and adjacent to the district. These are, in all probability,
underlain by still older Paleozoic strata, the whole resting on
a floor of pre-Cambrian crystalline rocks.

The sequence, age, approximate thickness, and general char-
acter of the indurated rocks that directly underlie the drift
of the district are shown graphically in the columnar section
(fig. 5), which is a generalized section for the whole district.
The record of the deepest well in' the district, from which
knowledge of the older strata is derived, is shown graphically
in figure 6. The several formations will be described in detail
in their order of age, beginning with the oldest.

ORDOVICIAN SYSTEM..
“PRENTON"” LIMESTONE.

The oldest formation entered by the deep wells of southeast-
ern Michigan is the “Trenton” limestone, which was reached in
the Eureka well at Wyandotte and in several of the deepest
wells in Monroe County, south of the Detroit district, but in
each well was entered for only a few feet. The rock encoun-
tered in these wells is a buff dolomite. At Wyandotte the top

~of the formation lies at a depth of about 2,600 feet, or some-

what more than 2,000 feet below sea level. By comparing
this depth with that at which the formation is encountered in
wells near Monroe its surface is found to descend northeastward
at an average rate of 42 feet to the mile and as the dip is to
the northwest the descent in that direction must be at an even
greater rate. None of the deep wells of southeastern Michigan
has passed through the formation, so its thickness in that
region is not known.

IjTICA AND LATER ORDOVICIAN SHALES.

Before reaching the top of the “Trenton” the borings pass
through a body of bluish to grayish, more or less calcareous
shale, which in the Eureka well is 400 feet thick and which
is believed to be the equivalent of the Utica shale and later
Ordovician formations of New York. The shale can not be
divided in the well sections, but the darker and more bitumi-
nous lower part is regarded as Utica.

SILURIAN SYSTEM.

MEDINA AND NIAGARA FORMATIONS.

The Ordovician strata are overlain by about 350 feet
of red and black shale containing a few thin beds of lime-
stone, dolomite, and sandstone, which are regarded as the
equivalent of the Medina and possibly the Clinton of New
York, but the formations can not be satisfactorily separated
in this region. In the Eureka well the top of the red shale
was reached at a depth of 1,890 feet, or approximately 1,300
feet below sea level, and it is overlain by 30 feet of limestone
and limy shale, the latter regarded by Lane as equivalent to
the Rochester shale member of the Clinton of New York.
This in turn is overlain by 350 feet of hard, compact fine-
grained light-colored dolomite, which is presumably the equiv-
alent of the Lockport dolomite of New York. The Clinton
and the Lockport constitute the Niagara group. Well ‘records
in Monroe County indicate that the shale thickens southward
and that the dolomite becomes thinner.

SALINA FORMATION.

In the Detroit district the Salina formation consists of alter-
nate beds of compact brown to drab dolomite, rock salt, anhy-
drite or gypsum, and thin layers of bluish-black shale. As it
contrasts strongly in color with the underlying Niagara, which
contains no beds of shale, rock salt, or gypsum, its base is well
defined. Its top, however, is less definite, and the separation
from the overlying Monroe group is made arbitrarily at the top
of the uppermost well-defined bed of rock salt or anhydrite.

The formation undoubtedly underlies the whole district, and
as it is economically the most important formation therein it
has been entered by many deep wells along Detroit River, few
of which, however, have passed through it. In the Eureka
well the thickness of the formation, between the limits just
assigned, is about 780 feet and the aggregate thickness of the
salt beds is 160 feet. The formation thickens northward and
at Royal Oak is at least 932 feet thick, 609 feet of which is
reported as rock salt. The most satisfactory section of the for-
mation was furnished by the Oakwood salt shaft and boring
(see fig. 19, p. 19), where a preliminary boring showed the
formation to be at least 929 feet thick, with an aggregate of
about 600 feet of rock salt. In the lower Detroit River region
the place of the salt appears to be taken by beds of anhydrite,
the salt giving out completely at the abandoned soda-ash plant
of Church & Co., just north of Trenton.

MONROE GROUP.
GENERAL CHARACTER
The Monroe group, which includes the uppermost Silurian

strata, overlying the Salina formation, comprlses the -oldest
rocks that outerop in the Detroit district. It is 500 to 600



feet thick and consists chiefly of dolomite but contains some
thin limestone and shale members and, near the middle,
about 165 feet of snow-white sandstone. It was formerly
regarded as a single formation, with a sandstone member called
the Sylvania sandstone in the middle, and the parts of the
formation below and above the sandstone were known respec-
tively as the “Lower Monroe” and “Upper Monroe.” It has
seemed advisable, in view of the faunal differences between the
“Lower Monroe” and the “Upper Monroe,” of their complete
separation by the Sylvania sandstone, and of the sharp litho-
logic difference between the sandstone and the underlying and
overlying beds, to regard the Monroe as a group comprising
three formations—the Bass Islands dolomite at the base, the
Sylvania sandstone in the middle, and the Detroit River
dolomite at the top. In publications of the Michigan Geolog-
ical Survey the divisions indicated by these names are regarded
as members, but in this folio they are regarded as formations.
(See fig. 5.)
BASS ISLANDS DOLOMITE. ‘
Definition and thickness—The Bass Islands dolomite, so
named from the Bass Islands in Lake Erie, where the forma-
tion is typically exposed, includes the strata, consisting of
dolomite with intercalated thin beds of oolite and of breccia,
which- lie between what is regarded as the top of the Salina
formation and the base of the Sylvania sandstone and which
were formerly known as the “Lower Monroe.” Where the
Sylvania is not present its horizon is indicated by an arena-
ceous dolomite, so that the top of the formation may be recog-

nized with considerable accuracy in sections and borings. The

separation of the base of the formation from the underlying
Salina strata is rather difficult, however, because of the litho-
logic similarity of the two and the general absence of fossils.
Ordinarily it is rather arbitrarily made at the top of the
uppermost thick bed of gypsum, anhydrite, or rock salt. In
the 17 wells of the Solvay Process Co., near the mouth of
Rouge River, the average thickness of the formation as thus
defined is 360 feet. In the Eureka well at Wyandotte it is
440 feet.

Distribution. — The formation underlies the drift in the
southern part of the Wyandotte quadrangle, mainly in Monroe
County. It is not exposed at the surface, either naturally or
artificially, anywhere in the Detroit district, but it is exposed
in numerous outcrops and quarries in the adjacent territory on
the south. The quarry at Newport, just outside the district,
now abandoned and filled with water, furnished a good section
of the upper members -and a collection of fossils. The forma-
tion dips to the north and northwest and underlies the younger
Paleozoic beds throughout the district.

Character and  subdivisions.—The formation consists of
brown to drab thin-bedded dolomite, with about the normal
proportions of calcium and magnesium carbonates and ordi-
narily 1.5 to 8 per cent of silica, alumina, and iron oxide. At
certain horizons the thin slabs bear ripple marks and mud
cracks. Brecciation along joint planes and in cavities is not
uncommon, in places involving the entire thickness of a
stratum. Large hemispherical masses, having a finely lamin-
ated concentric structure and resembling gigantic-Stromatopora

but apparently of concretionary origin, are exposed here and

there in the bottoms of quarries. Patches of pyrite are scat-
tered through the beds, and the cavities and seams contain
well-crystallized masses of calcite and celestite.

A feature of the formation is the occurrence of several oolitic
strata, each underlain by a peculiar bed of blotched, 'mot-
tled, and streaked dolomite. This dolomite is compact,
brittle, light gray, with conchoidal fracture, and free from
fossils.  The blotches and streaks are blue, except when
weathered to rusty brown, which indicates the presence of
iron compounds. -

The formation has been subdivided into the following
members, of which only the uppermost, the Raisin River
dolomite member, forms any of the bedrock surface beneath
the drift in the Detroit district: Raisin River dolomite mem-
ber, Put in Bay dolomite member, Tymochtee shale member,
Greenfield dolomite member. (See fig. 19, p. 19.) Immedi-
ately south of the Detroit district the Raisin River and Put in
Bay members are found, but the Tymochtee and Greenfield
members have not been determined to be present.

Relations.—The Oakwood salt shaft penetrated the entire
thickness of the formation, but no opportunity was afforded
for observing satisfactorily the contact between it and the
adjoining formations. At the top the separation from the
Sylvania sandstone is sharp, and the relation between the
two seems to be that of unconformity. The base of the for-
. mation appears to be conformable with the underlying Salina
beds, but the relation there also is believed to be that of
unconformity.

Fosstls.—The fairly abundant fossils of the formation have
been studied by A. W. Grabau, who has listed the following
species in a report on the Monroe formation:1

i Grabau, A. W., and Sherzer, W. H., The‘kMonroe' formation of south-
ern Michigan and adjoining regions: Michigan Geol. and Biol. Survey
Pub. 2, pp. 211-213, 1910,

Pholidops cf. P. ovata Hall. Pterinea lanii Grabau.
Schuchertella hydraulica Whit- | Goniophora dubia Hall.

field. Tellinomya sp.
Schuchertella interstriata (Hall). | Modiomorpha sp.
Camarotoechia hydraulica Whit- | Solenospira minuta (Hall).

field. . Loxonema sp.
Camarotoechia sp. Holopea sp. 1.
Rhynchospira praeformosa | Holopea sp. 2.

Grabau. Holopea sp. 8.
Spirifer ohioense Grabau. Cyrtoceras orodes Billings.
Hindella whitfieldi Grabau. Spirorbis laxus Hall.
Hindella rostralis Grabau. Leperditia angulifera Whitfield.
Hindella? rotundata (Whitfield). Leperditia altoides Grabau.
Whitfieldella prosseri Grabau. - Leperditia alta Conrad.
‘Whitfieldella subsuleata Grabau. | Kloedenia monroensis Grabau.
Meristina profunda Grabau. Eurypterus eriensis Whitfield.
Meristina profunda sinosus | Sphaerococcites? glomeratus

Grabau. ' Grabau.

The fossils are most abundant in the upper part of the for-
mation and are relatively scarce in the lower members. The
formation lacks entirely the coral and stromatoporoid fauna so
abundant in the Detroit River dolomite and is relatively
deficient in gastropods and cephalopods. Brachiopods and
pelecypods are more numerously represented. The. pelecypod
Pterinea lanii is abundant, well preserved, and easily recog-
nized, but the most characteristic fossil is the small brachiopod
Whitfieldella prosseri. The Raisin River dolomite member is
regarded by Grabau as closely related faunally to the Manlius
and Rondout limestones of New York.

SYLVANIA SANDSTONE.

Definition and thickness—The Sylvania sandstone, named
from Sylvania, Lucas County, Ohio, overlies the Bass Islands
dolomite and is in turn succeeded by the Detroit River dolomite.
As it consists of white sandstone, it is readily recognized and
in borings is easily differentiated from the other two formations
of the group. In the 17 wells of the Solvay Process Co., near
Detroit, it ranges in thickness from 70 to 165 feet, the average
thickness being 93 feet. Northwestward, in the direction of
the dip, the thickness increases to nearly 300 feet and south-
eastward and southward it decreases to 30 feet.

Distribution.—The formation does not outcrop anywhere in
the Detroit district and its distribution is known only from the
artificial exposures in numerous shallow wells and in’ the pit
near Rockwood. It occupies a belt, 2 to 3 miles wide, of the
bed-rock surface beneath the drift, which swings in from
Monroe County, curves eastward across the southern town-

ships of the district, and apparently crosses Detroit River at .

its mouth. The strata dip to the northwest and north beneath
all the younger formations of the district, and the sandstone

is encountered in all wells that are deep enough to reach its.

horizon.

Character—The formation is typically a sandrock consist-
ing of a remarkably homogeneous sparkling snow-white aggre-
gation of loosely cohering quartz grains. It is often compared
by drillers to snow, flour, salt, and granulated sugar. It is
rather friable, and when the less coherent varieties are placed
in water they fall apart like some kinds of clay. The small
amount of cement consists of dolomitic material, apparently
deposited from percolating water. Where immediately over-
lain by drift the rock is commonly strongly discolored by
iron oxide to a depth ranging from a few inches to several feet.
In places the rock is cemented by silica and is typical sand-
stone or even grades into quartzite. The proportion of silica
in the rock is generally more than 96 per cent, and: after the
crushed rock has been washed the sand so cleaned runs more
than 99 per cent silica. '

Wherever the formation has been exposed in open pits a
poorly defined and irregular stratification is displayed, the beds
ranging in thickness from a few inches to several feet. They
are level or only gently inclined and everywhere show a dis-
tinct lamination, the angle between the lamination and the
bedding being as much as 30° in places. The lamination is
indicated by slight differences in color and texture and in
places it is wavy as well as diagonal to the bedding. In the
pit at Rockwood and elsewhere oblique partings are displayed,
which make about the same angle with the bedding as the
most steeply inclined laminae but are not observed to be
conformable with them. '

Examination with the microscope shows that the sand grains
are remarkably well rounded and sorted, especially in the
upper layers at the Rockwood pit. Many grains have been
enlarged by the deposition of secondary silica in optical con-
tinuity with the original quartz, resulting in the formation
of minute doubly terminated crystals with sharp edges and
complete faces. To this is due the sparkling appearance of the
sand, its scouring qualities, and its rapid cutting of drills and
pump valves. The grains not so enlarged have frosted and
pitted surfaces, similar to those of typical grains of desert sand.
In view of the extent and thickness of the formation the
individual grains are remarkably fine and of uniform size, as is
shown by mechanical analyses.?

In several places the formation is divided by a bed of dolo-
mite, the so-called “Sylvania dolomite,” which in the Detroit
district ranges in thickness from 30 to 105 feet. According to

3 Gra,bgm, A. W., and Sherzer, W. H., op. eit., p. 77.

the logs of a number of wells, in some places two or even three
such beds are included in the formation. The dolomite con-
tains grains of sand seemingly identical with those of the sand-
stone. The proportion of silica in the rock is not uniform
but commonly ranges from 50 to 70 per cent.

The formation rests upon the Bass Islands dolomite in
apparent conformity, but there is some reason for believing
that the true relation is that of unconformity. This is inferred
from the supposed origin of the formation.

Fossils and age.—The body of the formation is quite barren
of fossils wherever exposed, their former presence being sug-
gested only by carbonaceous partings. The uppermost beds
contain obscure traces of plant remains, and compressed
Paracyclas-like casts are abundant in certain layers, the white
sand of which they are composed contrasting strongly with the
carbonaceous’ films surrounding them. Marine fossils occur
sparingly in the dolomite lenses, and among the species that
have been identified are Cladopora bifurcata Grabau and
Favosites basaltica var. nana Grabau. Both of these are found
also in the overlying Detroit River dolomite. Its position in
the middle of the Monroe group fixes the age of the Sylvania
sandstone as late Silurian. '

DETROIT RIVER DOLOMITE.

Definition and thickness.— The Detroit River dolomite,
formerly known as the “Upper Monroe,” or the “Detroit
River series,” includes the beds, consisting chiefly of dolomite,
between the top of the Sylvania sandstone and the base of
the Dundee limestone of Devonian age. The presence of the
Anderdon limestone member, with its high content of calcium
carbonate, has led to error in the interpretation of well records
along Detroit River, especially in sections in which the Lucas
and Amherstburg dolomite members are missing, having been
removed by erosion, so that the Dundee limestone rests
directly upon the Anderdon member. ‘ ,

In northwestern Ohio the Lucas dolomite member in its
type locality rests directly on the Sylvania sandstone, and the
beds which intervene in Michigan are missing on account of
overlap. The thickness of the formation appears to be about
100 feet at Wyandotte and 274 feet at Oakwood. From
records obtained in localities outside the district it is inferred
that the thickening continues for some distance to the north.

Distribution and exposure.—The formation occupies a belt,
from 2 to 5 miles wide, of the bedrock surface beneath the
drift, extending from the south side of the Romulus quadran-
gle northeastward and thence eastward across the southern
part of the Wyandotte quadrangle. It outcrops on Celeron
and Stony islands and Grosse Isle, and, for a short distance,
forms the ledges in the bed of Huron River at Flat Rock. It
has been exposed to a depth of 25 feet in the Patrick and
Gibraltar quarries and was laid bare in making the cut for the

" Livingstone Channel in Detroit River, as is shown in Plate I.

The beds dip gently to the northwest and north and extend
beneath all the younger formations of the district.

Character and subdivisions.—The formation consists chiefly of
dolomite, which is lithologically indistinguishable from the Bass
Islands dolomite. The oolitic beds, however, are not so numer-
ous, and the celestite, calcite, and sulphur associated with the
strata and deposited in the cavities are more abundant. The
formation is, moreover, characterized by an intercalated bed of
limestone, the Anderdon limestone member, much of which is
of high grade and parts of which appear to have been a veri-
table coral reef. Selected samples which have been analyzed
contained more than 99 per cent of calcium carbonate.

The formation has been subdivided into four members—thé -
Flat Rock dolomite member at the base, overlain in turn by
the Anderdon limestone member, the Amherstburg dolomite
member, and the Lucas dolomité member at the top. (See
fig. 19, p. 19.) The Lucas member comprises about three-
fifths of the whole thickness of the formation, and the Ander-
don and Ambherstburg members are thin. The members are
not everywhere present, the upper two in particular being
absent from many sections.

Relations.—In the limited sections that have been observed

* the formation appears to overlie the Sylvania sandstone con-

formably, but its irregular thickness and the absence of some
of its members from some sections in the Detroit River region
are evidences of a marked unconformity between the two, and
the numerous well records indicate that the four members of
the formation overlap successively on the eroded surface of the
Sylvania. In some places, north of the Detroit district, the
Sylvania sandstone is missing, or is represented only by sili-
ceous dolomite, and the Detroit River dolomite appears to rest
directly upon the Bass Islands dolomite. :

Fossils and correlation.—The formation is rich in fossils, of
which the following species are listed by Grabau:3

Clathrodictyon ostiolatum (Nich- | Coenostroma pustulosum Grabau.

olson). Stylodietyon sherzeri Grabau.
Clathrodictyon variolare (Von | Idiostroma nattressi Grabau.
" Rosen). Helenterophyllum caliculoides,

Stromatopora galtensis (Dawson). Grabau.

3 Grabau, A. W., and Sherzer, W. H., op. cit., pp. 211-213.



Cyathophyllum thoroldense | Solenospira minuta (Hall).

Lambe. | Solenospira extenuatum (Hall).
Heliophrentis alternata Grabau. | Loxonema parvum Grabau.
Heliophrentis alternata  var. | Holopea subconica Hall.

compressa Grabau. Holopea antiqua var. pervetusta
Heliophrentis  alternata  var. (Hall).

magna Grabau. Pleurotrochus tricarinatus Grabau.
Heliophrentis carinata Grabau. Acanthonema holopiforme Grabau.
Cylindrohelium profundum | Acanthonema holopiforme var.

Grabau. obsoletum Grabau.
Cylindrohelium heliophylloides | Acanthonema laxum Grabau.

Grabau. ' Acanthonema newberryi (Meek).
Cystiphyllum americanum var. | Strophostylus cyclostomus Hall.

anderdonense Grabau. Pleuronotus subangulatus Grabau.
Acervularia sp. Euomphalus cf. E. fairchildi Clarke

Synaptophyllum multicaule and Ruedemann.

(Hall). Eotomaria areyi Clarke and Ruede-
Diplophyllum integumentum mann.

(Barrett). Eotomaria galtensis (Billings).

Romingeria umbellifera (Billings). | Eotomaria sp.
Ceratopora regularis Grabau. Lophospira bispiralis (Hall).
Ceratopora tenella (Rominger). Euomphalopterus cf. E. valeria (Bil-

Favosites basaltica var. nana lings).

Grabau. Schuchertella interstriata (Hall).
Favosites rectangularis Grabau., Schuchertella amherstburgensis
Favosites tuberoides Grabau. Grabau.

Favosites concava Grabau. Stropheodonta vasculosa Grabau.
Favosites ef. F. maximus (Troost). | Stropheodonta demissa var. homo-
Cladopora bifureata Grabau. lostriata Grabau.
Cladopora cf. C. cervicornis Hall. | Stropheodonta praeplicata Grabau.
Cladopora sp. Stropheodonta sp.
Syringopora microfundulus | Camarotoechiasemiplicata (Conrad).
Grabau. . Spirifer sulecatus var. submersus
Syringopora cooperi Grabau. Grabau.
Syringopora hisingeri Billings. Spirifer modestus Hall.
Fenestella sp. 1. Prosserella modestoides Grabau.
Fenestella sp. 2. Prosserella modestoides var. depres-
Prosserella lucasi Grabau. sa Grabau.
Prosserella subtransversa Grabau. | Pleurotomaria cf. P. velaris Whit-
Prosserella subtransversa var. eaves.
alta Grabau. Trochonema ovoides Grabau.
Prosserella unilamellosa Grabau. Poleumita e¢f. P. crenulata (Whit-
Prosserella planisinosa Grabau. eaves).
‘Whitfieldella sp. Hercynella canadensis Grabau.
Meristospira michiganensis | Orthoceras cf. O. trusitum Clarke
Grabau. and Ruedemann.
Atrypa reticularis (Linnaeus). Dawsonoceras annulatum var. amer-
Panenka canadensis Whiteaves, icanum (Foord).
Pterinea bradti Grabau. Cyrtoceras orodes Billings.
Goniophora sp. - Poterioceras cf. P. sauridens Clarke
Cypricardinia canadensis Grabau. and Ruedemann.
Conocardium monroicum Grabau. | Trochoceras anderdonense Grabau.
Hormotoma subcarinata Grabau. | Cornulites arcuatus Conrad.
Hormotoma tricarinata Grabau. Proetus erassimarginatus (Hall).

Compared with the Bass Islands dolomite the formation is
strikingly rich in stromatoporoids, corals, brachiopods, gastro-
pods, and cephalopods. The most interesting feature of the
fauna is the commingling of Silurian and Devonian forms,
which reaches its climax in the Anderdon limestone member.
This mixed fauna is rich in corals and stromatoporoids,
Stylodictyon sherzert Grabau and Idiostroma natiressi Graban
being regarded as diagnostic forms. In the Lucas dolomite
member corals are poorly represented, although Cylindrohelium
profundum Grabau is characteristic, but gastropod molds are
very abundant at certain horizons, Hormotoma and Acantho-
nema being especially numerous.

According to Grabau, the Lucas member is to be correlated
with the combined Manlius and Rondout limestones of New
York and the Amherstburg and Anderdon members with the
Cobleskill and Rosendale of New York. The Rosendale of
eastern New York is, however, included in the underlying
Salina. The Flat Rock dolomite member is, so far as known,
not represented in New York.

DEVONIAN SYSTEM.

GENERAL CHARACTER.

The Devonian system is represented in the Detroit district
by three formations—the Dundee limestone, the Traverse for-
mation, and the Antrim shale—of Middle and Upper Devon-
ian age and in general equivalent to Devonian formations of
New York from the Onondaga to the Portage and probably
later Devonian. The Lower Devonian and the lower part of
the Middle Devonian aré not represented by any formations in
the district. .

DUNDEE LIMESTONE.

-Definition and thickness.—The Dundee limestone includes
the fairly homogeneous strata between the Detroit River dolo-
mite and the bluish shale and limestone of the Traverse for-
mation. Its upper limit is well defined, even in borings, but
its base can not everywhere be recognized so readily, as it is
somewhat magnesian in some places, and in others, where the
Lucas and Amherstburg members of the Detroit River dolo-
mite are lacking, it rests directly upon the Anderdon limestone
member, from which it can be distinguished only by its
fossils. Ordinarily, in the well records, it is to be assumed
that the Lucas and the Amherstburg members overlie the
Anderdon member; in such cases the base of the Dundee is
placed at the break between the more or less magnesian lime-
stone and the underlying true dolomite.

No complete sections of the formation are available in the
Detroit district, but from measurement obtained at localities
just outside it appears to be 100 feet thick along the south side
and 200 feet thick along the north side of the district.

Distribution.—The formation does not outcrop in the Romu-
lus quadrangle, but, so far as can be learned from the well
records, it occupies a belt of the bedrock surface beneath the
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drift from 3 to 7 miles wide and trending from southwest to
northeast across the quadrangle. In the Wyandotte quad-
rangle the belt broadens and occupies the northern half of the
quadrangle. The formation extends northeastward along
Detroit River almost or quite to Belle Isle, and it formerly out-
cropped where the Sibley quarry is now located. This quarry
is nearly 100 acres in extent and displays a section of almost
the whole thickness of the formation.

Character.—The formation consists of gray to bluish lime-
stone, ranging from massive to thin-bedded, and a few thin
layers of chert. Some of the beds near the base are magnesian,
but the rock rarely contains more than 15 per cent of magne-
sium carbonate. The purer and more desirable limestone is in
the upper part of the formation, and from some of the beds rock
is taken that runs more than 98.5 per cent calcium carbonate in
carload lots. A few beds contain silicified fossils and nodules
of chert. Much of the rock has a characteristic odor of
petroleum and some small cavities contain a few drops of thick
black oil. The following section, displayed in the Sibley
quarry, is typical of the formation: '

Section of Dundee limestone in Sibley quarry.
’ Ft.

g

Limestone, yellow, brown, or gray, thin bedded, very

fossiliferous _._._ .. ... 6 0
Limestone, gray to bluish, thin bedded __________________ 70
Limestone, gray, compaet, rich in fossils __. ___ ___________ 20
Limestone, bluish, compact, erystalline._________________ 5 0
Limestone, gray to blue, compact; abundant fossil frag-

ments __________._____ . ________ o —————— e e 6 0
Chert, bluish gray, brittle; some fossils_.________________ 12
Limestone, gray to bluish, thick bedded_____________.___ 6 0
Chert, impure, very brittle; some fossils.________________ 2 0
Limestone, blue to gray, compaect, thick bedded________ _. 9 0
Limestone, magnesian, oily .____ ... _________________. 6 0
Limestone, gray, thin bedded, fossiliferous...____________ 8 0
Limestone, magnesian, light to dark gray; fossils________ 12 0
Limestone, siliceous, thin bedded, firin; few fossils ______ 70
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Analyses of drill cores from borings that penetrated the
lowermost 30 to 40 feet of this section show that the rock of
the lower part of the formation contains from 75 to 93 per
cent of calcium carbonate, from 2.5 to 15 per cent of magne-
sium carbonate, and from 0.7 to 9.5 per cent of silica. The
transitional character of the basal bed, which here rests on the
Anderdon limestone member of the Detroit River dolomite, is
indicated by its high content of silica, due to the presence of
abundant quartz. grains which make up nearly one-tenth of the
bulk of the rock. .

Relations.—The Dundee rests unconformably upon the Detroit
River dolomite, but in restricted sections the unconformity is not
apparent. Where the two formations are examined over wide
areas a discordance in dip may be detected, as Lane has pointed
out. The unconformity is fully demonstrated, however, by the
fact that the formation rests on the Anderdon member of the
Detroit River dolomite at the Sibley quarry, on the Sylvania
sandstone in Monroe County and in northern Ohio, and on the
Bass Islands dolomite in other localities.

Where the formation rests directly on the Anderdon lime-
stone member its base consists of a few inches of white sand-
stone or about a foot of sandy limestone containing quartz
grains of apparently the same sort as those making up the
Sylvania sandstone.

Fossils and correlation.—The purer limestones of the for-
mation are very rich in fossils, which are excellently preserved.
Extensive collections have been made from the beds in the
Sibley quarry and have been studied by Grabau,! whose lists
include the following species. Comparison with lists of the
species found in other localities indicates that fuller search will
bring to light numerous other forms.

Zaphrentis convoluta Hall. Stropheodonta dundeensis Grabau.
Zaphrentis prolifica Billings. Stropheodonta hemispherica Hall.
Zaphrentis cornicula Edwards | Stropheodonta concava Hall.

and Haime. Stropheodonta costata Owen.
Aulacophyllum sulcatum Ethe- | Stropheodonta fissicostata Win-

ridge and Hall. chell.
Cystiphyllum vesieulosum Gold- | Stropheodonta demissa (Conrad).
fuss. Stropheodonta alpinensis Grabau.

Acervularia rugosa.
Eridophyllum simcoense.

Stropheodonta perplana (Conrad).
Stropheodonta iowaensis (Owen).
Favosites turbinata Billings. Leptaena rhomboidalis (Wilckens).
Favosites emmonsi Rominger. Schuchertella arctostriata Hall.
Cladopora ef. C. eryptodens Bill- | Chonetes mucronatus Hall.

ings. Chonetes gibbosus Hall.
Clathrodictyon cellulosum Nich- | Chonetes deflectus Hall.

olson and Murie. Stropholosia truncata Hall.
Fenestella planidorsata Ulrich. Produectella spinulicostata Hall.
Atrypa reticularis Linnaeus. Rhipidomella variabilis Grabau.
Atrypa spinosa Hall. Rhipidomella vanuxemi Hall.
Cyrtina hamiltonensis Hall. Rhipidomella penelope Hall.
Cyrtina hamiltonensis var. recta. | Rhipidomella livia Billings.
Spirifer bidorsalis Winchell. Schizophoria iowaensis Hall.
Spirifer gregarius Clapp. Schizophoria propinqua Hall.
Spirifer grieri Hall. Pentamerella cf. P. pavilionensis.
Spirifer manni Hall. Actinopecten decussata Hall.
Spirifer oweni Hall. Aviculopecten similis (Whitfield).
Sanguinolites sanduskyensis | Aviculopecten sp.

Meek. . Paracyclas elliptica Hall.
Actinodesma erectum Conrad Pleurotomaria lucina Hall.:
Conocardium trigonale Hall. Harmotoma maia Hall.
Cystodictya gilberti (Meek). Coelidum sp.

Stropheodonta inaequiradiata. Euomphalus decewi Billings.

1 Grabau, A. W., Preliminary report on ‘the fauna of the Dundee lime-
stone of southern Michigan: Michigan Geol. and Biol. Survey Pub. 12, pp.
327-878, 1918.

Trochonema meekanum Miller.
Platyceras dumosum Conrad.
Platyeceras attenuatum Meek.
Platyceras carinatum Hall.
Callonema bellatulum Hall. Proteus crassimarginatus Hall.
Tentaculites sealariformis Hall. Proteus planimarginatus Grabau.
Trematoceras ohioense Whitfield. | Dalmanites calypso Hall and Clarke.
Gyroceras ohioense Meek. Phacops rana Green.

Gyroceras inelegans Meek.

Nautilus inopinatus Hall.
Poterioceras amphora Whitfield.
Poterioceras hyatti (Whitfield).
Proteus conicus Grabau.

Grabau calls attention to the intermediate and comprehen-
sive character of the Dundee fauna, which is made up of
Onondaga and Hamilton forms, of Middle Devonian age.

The pelecypods and cephalopods show Onondaga affinities, the

corals and gastropods indicate an intermediate position, and
the brachiopods and trilobites incline toward the Hamilton.
He therefore prefers to combine the Dundee with the Traverse
formation in a single group, which he calls the Traverse group.
The Devonian limestone on the island of Mackinac (the
Mackinac limestone of early reports) he regards as older than
the Dundee and more nearly the equivalent of the Schoharie
and the Onondaga of New York.

TRAVERSE FORMATION.

Definition.—The Traverse formation consists of limestone to
which various names have been applied by the Michigan Geo-
logical Survey. It takes its present name from its excellent
exposure in the Grand and Little Traverse districts of Michigan.
It is rather sharply set off by the pure gray Dundee limestone
beneath and the black Antrim shale above.

Distribution and thickness.—The formation is not exposed
in the district. So far as can be made out from the available
well records its outcrop beneath the drift crosses the district
diagonally from the middle of the west side of the Romulus
quadrangle to Grosse Pointe and occupies a belt 2 to 5 miles
wide lying next northwest of that of the Dundee limestone.

The thickness of the Traverse in the district probably ranges
from 125 to 175 feet, measurements at localities outside the
district indicating that it is, like the other formations, thinner
toward the south and thicker toward the north. ,

Character—The most satisfactory section of the formation
was obtained in the Pontiac well, just north of the Detroit
district, and is as follows:

Section of Traverse formation in deep well ot Pontiac.
Feet.

Limestone, argillaceous, dark drab, coarse grained._____.. 25
Limestone, light drab, fine grained; 2 per cent insoluble
residue ___ . e 10
Limestone, light drab to grayish white; 8 per cent insolu-
bleresidue. == _ el S . 7
Limestone, light gray; 20 per cent insoluble residue_____.._ 8
Limestone, sandy, dark drab; 20 per cent insoluble residue 35
Limestone, argillaceous; 10 per cent insoluble residue. _..__ 15
Clay, caleareous, light blue; 90 per cent insoluble residue__ 50

150

The limestone strata are in many places so full of fossils as
to be called “shell limestone” by the drillers, and the bluish
calcareous shale is generally called by them “soap rock.”
Where such a stratum lies at the base of the formation, as in
the section just given, its separation from the Dundee lime-
stone is readily made. Where, however, the base of the
Traverse is limestone, as is the case at Milan, just west of the
Romulus quadrangle, the separation of the two formations is
less satisfactorily made. The limestone of the Traverse, how-
ever, contains a large percentage of argillaceous matter and is
typically of deeper blue color than the Dundee limestone.

Fossils and correlation.—The formation contains a rich and
varied fauna, the fossils being well preserved and those in the
soft shale being readily separated from the matrix. As-the
strata do not outcrop in the district the species are not enu-
merated here, but full lists are-given in the publications of the
Michigan Geological Survey. ’

The formation is of Middle Devonian age and closely related
to the Hamilton of New York. Lane, basing his correlation
largely on geologic position and lithologic similarity, con-
siders the basal shale member as equivalent to the Marcellus
shale of New York and the entire formation as the Michigan
equivalent of the Erian of Clarke’s classification. Grabau,
who includes the Dundee limestone in his Traverse group, also
refers the basal shale member of the Traverse to the horizon of
the Marcellus shale of New York.

ANTRIM SHALE.

Definition.—The well-defined and readily recognized shale
overlying the Devonian limestones in the central Lake region
has been variously designated by the several State geological
surveys. The name Antrim has been finally selected for use
in Michigan because of the fine development and exposure of
the formation in the Michigan county of that name. It com-
prises the beds between the uppermost bluish limestone or
shale of the Traverse formation and the Berea sandstone.

Distribution and thickness.—As it is entirely covered in
the Detroit district by surficial deposits, the distribution and
thickness of the formation can be determined only approxi-
mately from the available well records, which are generally
incomplete and. to some extent contradictory. The formation
crosses the northwest corner of the Romulus quadrangle and,
the middle of the Wayne quadrangle in a diagonal belt about



4 miles wide, which broadens eastward and occupies the north
half of the Detroit quadrangle and nearly the whole of the
Grosse Pointe quadrangle. Although many wells in the dis-
trict enter the formation, not one of them furnishes a complete
section of it, and the only knowledge of its thickness is
obtained from the records of wells in the adjacent territory,
which indicate a range in thickness from 160 to 275 feet, the
thickness increasing, as in the older formations, toward the
"north and east.

Character.—The formation is made up of coal-black shale,
‘which contains so much carbonaceous matter in many places
that the rock may be burned and has been mistaken for coal.
In places the shale is crisp, fissile, finely laminated, and very
evenly bedded, and approaches slate in hardness. On weath-
ering it assumes a gray or rusty-brown color from the oxida-
tion of the iron minerals. Crystals of pyrite and nodules
of marcasite are abundant and upon decomposition stain the
shale with iron oxide and sulphur and impregnate the perco-
lating water with the compounds of those elements.

Spherical to ellipsoidal calcareous concretions of considerable
range in diameter are abundant in the shale. Toward their
centers they contain crystals of calcite and siderite and not
uncommonly fossils. The remarkable fossil fish of Ohio,
described by Newberry, were obtained by Herzer from the
concretions of this formation. When these concretions are
encountered in borings they are likely to be reported as
“limestone,” and the larger nodules of pyrite and marcasite
are often reported as ‘““excessively hard.” In this way a wrong
impression is sometimes conveyed of the composition and char-
acter of the formation.

Much of the shale is impregnated with oil and when first
penetrated by the drill it generally gives a flow of inflammable
gas. Pockets of such natural gas are often encountered which
give a high pressure temporarily and lead to false hopes con-
cerning the quantity of gas. An analysis of a sample of the
shale from" Charlevoix County was made in order to test its
possible fuel value, with the following results:

Analysis of Antrim shale.
[W. H. Johnson, analyst.]

Volatile matter______ . _ 17.96
Fixed earbon . e 6.49
Ash e 75,55
— " 100. 00
Analysis of ash.

Siliea (S10s) - oo e e 70. 54
Alumina (Al,04) e 15. 88
Ferrie oxide (FeyOg) oo 5.81
Caleium oxide (CaO)_._____.. —— 2.88
Magnesium oxide MgO) . .78
Alkalies, ete., by difference___________________________.__ 5, 66
100. 00

- The high carbonaceous content of the shale is due to the
presence of immense numbers of minute disklike bodies with
relatively thick walls. These were discovered by Dawson in
the shale of Kettle Point, Ontario, and by Clarke in the
Marcellus shale of New York, and are believed to be the
fossil spores of floating plants. They have been described
under the name of Profosalvinia (Sporangites) huronensis Daw-
son. During the accumulation of the shale conditions seem to
have been unfavorable for the existence of the ordinary forms
of vertebrate life.

Age and correlation.—Fossils suitable for correlation are so
scarce that only the stratigraphic position and lithologic char-
acter of the formation are available for determining its age.
As it resembles the Genesee shale of New York so strongly
and overlies a formation of undoubted Hamilton age, it was
long regarded as equivalent to the Genesee. Since the dis-
covery by Grabau of a Naples fauna at its base, however, it
is evident that it is younger than the Genesee and that its

“lower part is to be correlated with the Portage formation of
New York.

CARBONIFEROUS SYSTEM.
-MISSISSIPPIAN SERIES.

GENERAL CHARACTER.

Only the Mississippian series of the Carboniferous system is
represented in the Detroit district. The strata consist of sand-
stone, shale, and a few thin beds of limestone, and are divided
into two formations—the Berea sandstone below and the Cold-
water shale above. Neither formation outcrops in the district,
and only the lower part of the Coldwater shale underlies any of
the area. Owing to their slight representation in the district,
their lithologic similarity, and the meager information regard-
- ing them obtainable from a few well records, it seems best to
treat these formations together.

BEREA SANDSTONE AND COLDWATER SHALE.

Definitions and distribution.—The basal formation of the
Mississippian series is the Berea sandstone, a massive, coarse
gray sandstone, generally contrasting strongly with the black
Antrim shale upon which it'rests. The next overlying forma-
tion, the Coldwater shale, named from the excellent exposures
along Coldwater River in Branch and Hillsdale counties,
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Mich., .is made up of light-colored thin-bedded shale and a
few layers of limestone and sandstone. ILarge nodules of
kidney iron ore are also met with and are often mistaken by
drillers for limestone or sandstone. Toward the base the shale
is black and forms a rather persistent member resting on the
Berea sandstone. The upper part of the formation is sandy
and in wells in areas northwest of the Wayne quadrangle it is
separated from the overlying Marshall sandstone only with
difficulty. - ‘

So far as can be learned from the meager data the two
formations occupy the northwestern half of the Wayne quad-
rangle, the boundary between the Berea sandstone and the
underlying Antrim shale cutting diagonally across the quad-
rangle from southwest to northeast. The greater part of the
area underlain by the two formations is occupied by the Berea
sandstone, only a few square miles of the northwest corner of
the quadrangle being underlain by the lower part of the Cold-
water. A deep well in Plymouth reached a gray shale (the
Coldwater), 25 feet thick, at a depth of 100 feet, beneath which
is sandstone and limestone. In another well, in the NW. %
SW. I sec. 27, a thin flagstone, presumably the Berea, was
entered for 6 inches, at a depth of 122.5 feet.

Thickness.—No data are available from which to determine
the thickness of the formations in the Wayne quadrangle, but
more complete records have been obtained in wells not far
to the west and north. In the Campus well at Ann Arbor,
Lane assigns 165 feet to the portion of the Coldwater shale
present, of which the lowermost 45 feet seems to represent
the Sunbury shale of Ohio. The upper part of the forma-
tion is not present at Ann Arbor and probably also does
not occur in the Wayne quadrangle. Beneath is 15 feet of
sandstone, assigned to the Berea and underlain by 115 feet of
sandy shale, also probably part of the Berea, but not easily
separated from the Antrim shale, and yielding salt water. In
the Courthouse well at Ann Arbor, Rominger identified 92
feet of coarse, gray sandstone charged with brine as the Berea.
The log of the deep well at Pontiac, just north of the Wayne
quadrangle and 32 miles northeast of Ann Arbor, shows the
Berea sandstone as 273 feet thick and overlain by 35 feet of
dark shale assigned to the basal part of the Coldwater and
probably equivalent to the Sunbury of Ohio. This indicates
an average thickening northeastward of the Berea sandstone of
4 feet to the mile.

Correlation.— The two formations contain no fossils in
southeastern Michigan, but their correlation with formations
in Ohio on the basis of stratigraphic position and lithologic
character is easy and reasonably certain, and the name Berea
has been adopted from Ohio. In Ohio the Sunbury and
Cuyahoga shales are regarded as separate formations, but in
Michigan the two are combined as the Coldwater shale. The
dark shale forming the lower part of the Coldwater is regarded
as the equivalent of the Sunbury and the lighter sandy shale
forming the upper part as the equivalent of the Cuyahoga and
possibly also of a part of the Black Hand formation of Ohio.

QUATERNARY SYSTEM.
GENERAL CHARACTER.

The blanket of surficial deposits that covers the bedrock
throughout nearly the whole district consists for the most part
of glacial drift and lacustrine deposits of Pleistocene age but
includes some alluvium and lacustrine deposits of Recent age.

'The glacial drift, which, although the scurce of nearly all
the material that forms the lacustrine and alluvial deposits,
itself occupies only between 8 and 4 per cent of the surface of
the district, is almost wholly of Wisconsin age, and only mate-
rial of that age is exposed at the surface. Till of presumably
Illinoian age and interglacial deposits of possibly Sangamon
age have been encountered in a few borings and excavations.
The iWsconsin drift includes the till of the ground moraine or
general till sheet, the till that forms a series of recessional
terminal moraines, and the stratified sand and gravel that is
either interbedded with the till or deposited on it. ,

The Pleistocene lacustrine deposits, which occupy about
three-fifths of the surface of the district, were formed in a
series of glacial lakes—the predecessors, in late Wisconsin
time, of the present Great Lakes. The deposits include beds
of perfectly stratified clay laid down in the quieter parts of the
glacial lakes, delta deposits formed at the mouths of rivers that
flowed into the lakes, and beaches and associated dunes formed
about their shores.

The Recent deposits, which make up only a small part of
the Quaternary deposits of the district, include alluvium, which
has accumulated along the courses of the larger streams and in
swamps and kettle holes, and delta deposits, beach sands, and

dune sands formed about the shores of Lake Erie and Lake

St. Clair. Deposits like these are still being formed.

PLEISTOCENE SERIES,

ILLINOIAN (?) DRIFT.

A layér of indurated till lies on the,bedrock beneath the

‘Wisconsin drift in several places in the district, as in the pit

of the American Silica Co., near Rockwood, where it is 14 to

16 feet thick and very hard, though only its lower part is
exceptionally stony. In the bed of Lake Erie near the Detroit
River Light uncommonly hard till was encountered in dredg-
ing, and similar hard, stony, rusted till was found in the bed
of the Livingstone channel of Detroit River. (See Pl V.)
The surfaces of pebbles from this deposit are so much etched
by solution that the delicate scratches characteristic of pebbles
from the Wisconsin drift are largely obliterated. Well drillers
often report that the bedrock is overlain by “hardpan,” which
may be this old, indurated till. It was not recognized, how-
ever, in either of the two salt shafts in the district nor in the
test borings made for the Detroit tunnel. Till that is regarded
as of Illinoian age has been found at several places in the
adjoining Ann Arbor quadrangle, so the old, indurated till
about Detroit may also be of Illinoian age.

INTERGLACIAL DEPOSITS.

Some well records show that a thin layer of soil or com-
pacted peat is embedded in the drift, but such records are
always meager and unsatisfactory. The thickest deposit of this
sort was reported from a well drilled near the center of sec. 30,
Erin Township, Macomb County, where, at a depth of 85 feet,
the drill passed through 17 feet of loose carbonaceous soil lying
on 23 feet of firm clay, which in turn lies on bedrock. These
layers of soil are presumed to be of Sangamon age, but the
evidence at hand is too meager to permit their definite

correlation.
WISCONSIN DRIFT.

GLACIAL DEPOSITS,’
General Till Sheet.

Distribution and, thickness.—The Wisconsin till sheet covers
the entire district except a few small outcrops of bedrock.
In nearly every exposure the bottom is seen to rest directly
upon bedrock, but at a few places it rests upon older Pleisto-
cene deposits, and in most of the district it is itself covered by
lacustrine and alluvial material. Its thickness is probably 250
feet in Royal Oak Township and near the higher moraines.
It is thinnest near the mouth of Detroit River and thickens
gradually toward the west and more rapidly toward the north-
west and north. As left by the ice its surface was smooth and
sloped gently southeastward. Local hollows in the bedrock
surface allowed more extensive accumulation in certain areas,
as in eastern Van Buren, southeastern Nankin, northeastern
Dearborn, and the southern parts of Hamtrameck, Gratiot, and
Grosse Pointe townships, where the Wisconsin till sheet is 160
to 180 feet thick. The general effect of the deposition of the
sheet was thus to reduce the relief of the greater part of the
area.

Character.—The Wisconsin till is characteristically soft and
fresh, except when it is dried. Under its own weight, and
especially if wet and subjected to additional pressure, a mass
of it will creep and flow. Except close to bedrock it contains
few pebbles (see Pl. VI) and only here and there a cobble or
bowlder. Most of its stony material is subangular, generally
striated, and consists largely of dolomite, limestone, chert, and
argillite, only about 10 per cent of the whole consisting of
quartzite and other crystalline rocks.

The till contains lenticular masses of gravel and sand, many
of them “quicksand” filled with water and ready to flow
whenever the pressure on one side is relieved, as in excava-
tions. The instability of these sands and of the till itself is
a source of danger to many forms of construction.

Although generally without identifiable structure, the Wis-
consin till in places, as on the dried face of the exposed
stripping about the Sibley quarry, shows horizontal lamina-
tion or cleavage, due presumably to the great weight of the ice.
None of the sections studied showed a horizon of demarcation
between early and late Wisconsin till or a soil of intra-Wiscon-
sin age. _

Weathering and erosion.—The upper part of the till is
considerably weathered, the iron compounds being rusted to a’
depth of 20 to 25 feet, though the calcium carbonate is ordi-
narily leached only for 6 to 18 inches, to depths at which there
is a concentration of the carbonate and iron oxide. The
amount of rusted till beneath Detroit River is small. At many
places near Detroit the brownish till is colored bright blue
"along joints to a depth of one-tenth of an inch on each side of
the joint plane, as if water percolating along the joints had
carried some deoxidizing agent which restored the original
color of the till. The pebbles in the Wisconsin -till show but
little effect of weathering; even the pebbles of limestone and
dolomite preserve the most delicate scratches, presenting a
striking contrast to similar pebbles from the Illinoian (?) till.

The streams have cut valleys in the Wisconsin till to a
maximum depth of 50 feet and a maximum width of two-
-thirds of a mile. Nevertheless Leverett has estimated that in
about nine-tenths of the area the original surface of the Wis-
consin till-has not been disturbed.

Moraines.

Qeneral character. — Parts of five recessional terminal
‘moraines, two of them double, have been mapped in the north-



ern and eastern parts of the district, the Romulus quadrangle
being practically outside the region of moraine deposition.
These moraines are members of a larger series formed in suc-
cession about the margin of the Huron-Erie lobe of the late
Wisconsin ice sheet during its disappearance from southeastern
Michigan. Owing to changes in the position and trend of the

ice ‘margin at the time of the formation of the moraines their
(See fig. 7.)

trend ranges from northeast to northwest.

10 15 Miles

FI16GURE t.—Map of the moraines in the Detroit distriet and adjacent
region, showing by arrows the direction of movement of the Erie
and Huron ice lobes during the formation of these moraines.

The Fort Wayne and Defiance moraines were formed on land by the united Huron-Erie ’
lobe, which at this stage moved northwestward, as indicated by lighter arrows. The
Birmingham moraine, deposited in part on land and in part in the waters of glacial
Lake Maumee, and the Mount Clemens moraine, deposited in Lake Maumee, were
formed by the Huron lobe after it had separated somewhat from the Erie lobe. The
Scofield bowlder belt marks the position of the ice front of the Erie lobe at the time
the Birmingham moraine was formed, the Erie glacier not being active enough to
produce a typical moraine. The Detroit moraine was formed under the ice along
the junction of the two lobes at the same time that the Birmingham moraine was
being formed, and the directions of movement of the ice lobes are shown by heavier
arrows. The Emmet and Grosse Isle moraines were deposited in Lake Maumee by
the ice after it had readvanced over the ends of the Mount Clemens and Detroit
moraines and the two lobes had temporarily reunited.

Three types of moraines are represented—the prominent,
rough moraine deposited on land; the subdued, regular
moraine deposited in water; and the inconspicuous, subglacial
moraine, which is nothing more than a broad swell in the
general surface of the till sheet. They are formed mainly of
bluish till, horizontally laminated in places, and contain a
sprinkling of cobbles and bowlders (see Pl. VI), which are
mostly quartzite and other crystalline rocks foreign to the
district and are only rarely striated, apparently having been
carried upon or within the ice. Two of the moraines that
were deposited in water appear to be continued as bowlder
belts across the district and into Ohio, where they apparently
mark the approximate positions of the ice margin at places in
which conditions were not favorable for the formation of a
definite moraine.

Defiance moraine. — The Defiance moraine, named from
Defiance, Ohio, is regarded by Leverett as double in this dis-
trict and in the adjacent part of the Ann Arbor quadrangle.
The older and more western member has been called “Middle
moraine” and ‘Northville moraine” but is here mapped as
the outer ridge of the Defiance moraine. It is separated from
the inner ridge by the valley of the ancient stream which
flowed southwestward across Farmington, Novi, and North-
ville townships. (See Pl IV.)

The moraine extends southwestward across the northwest
corner of the Wayne quadrangle, forming a belt, 3 to 4 miles
wide, which includes the highest and roughest part of the
entire district. The till ridges and mounds, most of which
have steep slopes and attain altitudes of 940 to 960 feet above
sea level, have no regular arrangement and are interspersed
with numerous kames. The inner ridge is not so high as the
outer, the summits rising generally to altitudes of 840 to 860
 feet. The eastern side of the moraine is steeper than the
western side and is dissected by short parallel streams.

Birmingham moraine.—This moraine, named from Birming-
ham, in Oakland County, lies mainly north of the Detroit
district and was formed chiefly on land. Its southwest end,
however, which was laid down in the water of glacial Lake
Maumee, extends about 4 miles into the Wayne quadrangle.
It trends southwestward across the town of Southfield and
descends from 700 feet above sea level to 640 feet, where it
merges into the general lacustrine deposit.

Although much of the surface of this southern part of the
moraine is strewn with sand and gravel, which obscure the
morainic features, nevertheless the moraine determined the posi-
tion and trend of the beaches in this part of the district and
deflected Rouge River southwestward from what would other-
wise have been its natural course. The moraine disappears as
a topographic feature in the northeast corner of Livonia Town-
ship, but a bowlder belt which appears to be a prolongation of
it extends south across the quadrangle and into Ohio.

Detrott interlobate moraine.—A broad drift swell which
extends from the neighborhood of Birmingham southeastward

Detroit.
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across Southfield, Royal Oak, Redford, and Greenfield town-

ships, has been called the Detroit interlobate moraine. Asa’

topographic feature it is inconspicuous and almost unrecogmz-
able, yet it controls the drainage, and its position is indicated
by the course of the beach ridges and by the contours on the
topographic map. From a breadth of 7 or 8 miles at the north
it gradually narrows toward Detroit River and descends from
an altitude of 700 feet to that of the river, by which it hag
been partly destroyed. Its course across Essex County,
Ontario, toward Leamington can be readily traced. Taylor
and Leverett believe that it was formed subglacially along the
line of junction of the Huron and the Erie ice lobes and was
contemporaneous with the Birmingham moraine, deposited
along the outer edge of the lobes. It is thus referred to asa
“subglacial interlobate moraine,” this origin accounting for its
course, position, subdued character, and scarcity of bowlders.

Mount Clemens moraine.—Lying just east of the Detroit
interlobate moraine and extending directly northward from
Detroit through Hamtramck and Warren townships is a poorly
defined frontal moraine, of the kind deposited in water, called
by Taylor the Mount Clemens moraine, from its relation to
the city of that name. It was. deposited in the waters of
glacial Lake Maumee.
bowlders and is better defined at the north, where it was
deposited on land by the Huron ice lobe. Theoretically there
must have been a deposit formed at the same time, south of the
Detroit moraine, by the Erie lobe, but no such moraine has
been identified and it may have been overridden and destroyed
by a subsequent ice advance.

Limmet and GQrosse Isle moraines.—Two moraines bordermg
Lake St. Clair and Detroit River consist of parallel and, in
places, remarkably regular, gentle till ridges having abundant
cobbles and bowlders on their surfaces. They lie mainly
between 580 and 600 feet above the sea and are not well shown
on the topographic maps. From the crest of the Detroit
moraine northeast to Milk River Point an included strip of
younger moraine is regarded by Taylor as part of the Emmet
moraine. The “Grosse Pointe” of the early French settlers, as
well as Milk River Point, owes its existence to this moraine,
the concentration of bowlders on its east side by waves having
saved it from destruction. (See Pl. VIL.) The chart of Lake
St. Clair shows that a stony-clay ridge, apparently the north-
ward continuation of this moraine, extends for 8 or 4 miles
beyond Milk River Point beneath the western part of the lake.

The moraine may be traced into Detroit, where a regular series

of seven till ridges lies on the eastern slope of the Detroit
moraine, just north of Elmwood Cemetery, between Hunt and
Willis streets, spaced almost exactly two blocks apart and
dying out to the east and west. Similar ridges are found near
the waterworks and on the west side of Belle Isle. Some
geologists regard these till ridges as remnants of the Detroit

moraine between scoured channels of distributaries of Detroit

River. This view, however, appears to the author untenable,
for these troughs run up the slope and lie at markedly differ-
ent levels. The ridges were evidently built up as they now are,
and the intervening troughs are not valleys of erosion.

Other ridges lie on the crest of the Detroit moraine, both
in Detroit and Windsor, showing that it was overridden by
the ice, and may be traced southward along the river, except
where they were destroyed by the waters of Lake Rouge, as far
as the mouth of Huron River.

These morainic ridges are well developed also on Grosse
Isle, in view of which fact the author has suggested the name
Grosse Isle moraine. The moraine has a trend of N. 35°-
40° E. and a breadth of 8 or 9 miles. Toward Huron River

the ridges die out, and across Monroe County the moraine

appears to be represented only by a bowlder belt. Between
Wyandotte Heights and Detroit the moraine lies mainly in
Ontario, crossing the river at Stony Island and causing the
accumulation of bowlders at Limekiln Crossing (see P1. VIII),
which, in conjunction with an anticline in the bedrock, has
been such an obstruction to navigation at that point. The

islands in the river are part of the moraine and where the-

moraine lies east of the river there are no islands.

Bowlder Belts.

Rawsonville bowlder belt.—Several belts of bowlders, which
cross the district from northeast to southwest, are believed by
the author to mark positions of halt of the retreating ice front,
unaccompanied by much deposition of till. The westernmost
belt, here called the Rawsonville, is rather closely associated
with the Defiance moraine. It may be traced continuously
southwestward from Farmington across the northwest corner
of Livonia and the eastern part of Plymouth townships and
thence southward across the center of Canton and Van Buren
townships to Belleville, where its course is obscured, but it
appears to turn west and to cross Huron River at Rawsonville,
where there is a considerable concentration of bowlders. The
belt continues westward into Washtenaw County and appears
to join the Defiance moraine in the southwest corner of Ypsilanti

Township. In Livonia and Plymouth townships it lies between

700 and 720 feet above sea level, descending in Canton Town-

It contains a sprinkling of cobbles and

ship to between 700 and 680 feet, and rising to its former alti-
tude as it enters Washtenaw County.

Seofield bowlder belt.—A second bowlder belt which has
been traced across Wayne, Monroe, and Lenawee counties into
Ohio, has been named the Scofield bowlder belt. The bowl-
ders are subangular, fairly abundant, and are chiefly granite,
gneiss, schist, greenstone, conglomerate, and quartzite; lime-
stone, sandstone, and argillite are rare. The belt is a mile or
two wide and is not well defined in Oakland and northern
Wayne counties but is better defined to the south. In places
it is obscured by sand and gravel. It passes southward across
Livonia and Nankin townships and shows a slight suggestion
of morainic topography in sec. 15 of Livonia Township. In
northern Romulus Township bowlders are abundant, but the
belt is obscured by sand toward the southwest. It appears
again in Huron and Exeter townships and may be traced into
Ohio. In crossing Wayne and Monroe counties it descends
from 680 to 620 feet above sea level and then rises to higher
ground in Monroe and Lenawee counties. As previously
noted, this belt seems to be the continuation of the Birming-
ham moraine, although possibly it extends directly northward
to Farmington and there joins the Defiance moraine. How-
ever, inasmuch as the retreat of the margin of the Erie ice lobe
must have been interrupted while the Birmingham moraine

‘was being formed, it seems probable that the Scoﬁeld bowlder

belt was formed at the same time.

-Grosse Isle bowlder belt.—As the Grosse lsle moraine is
traced south toward Huron River, the parallel ridges become -
more obscure and eventually die out, but a belt, 1 to 2 miles
wide, of bowlders and cobbles continues across Monroe County
into Ohio, where it curves southward and. is parallel to the
Scofield bowlder belt. There can be little question that this
belt marks the approx1mate position of the ice front while the
Grosse Isle moraine was being deposited.

Kames

Associated with the Defiance moraine and interspersed
among the till ridges and knobs of both the inner and the
outer membets are numerous circular to elliptical hills of sand
and gravel, generally with steep slopes, which give rise to the
strongest relief in the morainic belt. They are particularly
numerous in an area 2 to 3 miles wide, near Northville. A
prominent kame, rising 100 feet above the valley floor and
more than 900 feet above sea level, stands just east of the
village. (See PL. X.) It has supplied large quantities of
gravel for the Detroit United Railway Co., and a good section
of the kame is exposed in the gravel pit. It is made up
largely of stratified and in many places cross-bedded sand and
gravel, the pebbles of which are subangular to rounded and
consist mainly of limestone, dolomite, and chert. In this
respect they are similar to the pebbles found in the till and
contrast sharply with the stony material strewn over the sur-
face of the moraines and making the bowlder belts.

A row of five kames disposed in a northeast-southwest
course, one of which has a capping of till (see Pl. IX), lies
about a mile west and northwest of Farmington.” A small
kame stands just south of Novi, and other small kames are
about 2 miles northwest and northeast of the same village.

The Defiance moraine is the only one in the district having
kames associated with it. The other moraines were deposited
in water or beneath ‘the ice, and the conditions were unfavor-
able for the formation of kames.

Outwash Gravel.

A deposit of gravel and sand, more than 8 miles in length,
from half a mile to a mile in width, and of unknown thickness,
forms the floor of the valley of the stream that flowed from the
ice sheet while the inner ridge of the Defiance moraine was
being formed. The general trend of the deposit is from north-
east to southwest across Farmington, Novi, and Northville
townships, and- it continues in ‘both directions outside the
Wayne quadrangle. Its surface along the mnorthern side is
about 860 feet above sea level and descends towatd Northvﬂle
at an average rate of 10 feet to the mile.

LACUSTRINE DEPOSITS.

Sand, clay, loam, and gravel deposited in glacial lakes and
along their shores cover the larger part of the district, practi-
cally forming the surface of all the area southeast of the
Defiance moraine. These deposits are mainly clay, loam,
and sand, laid down in the deeper, quieter parts of the
lakes. These are crossed by delta sands and linear ridges of
beach sand, which mark the shores of the several stages of the
lakes. The names of these beaches and their elevations and
sequence are shown in figure 9 (p. 15). o

Deposits of Lake Maumee.

Beaches.—Three beach ridges, from an eighth to a quarter
of a mile apart, which pursue rather tortuous and broken
courses along the eastern slope of the inner ridge of the
Defiance moraine, mark successive stages in the level of
glacial Lake Maumee. Owing to the manner and time of its



formation, the middle beach is the best defined and the lowest is
the least so. The general trend of the beaches is from northeast-
to southwest, but they follow the irregularities of the moraine
and here and there have been obliterated by stream erosion.
In a few places their positions are indicated by benches instead
of ridges. Continuous tracing of the separate beaches is
difficult, and identifiable fragments can be pieced together only
with the help of the topographic maps. The beaches extend
many miles outside the area and the two higher have been
called Van Wert and Lelpsm, from the names of small villages
in Ohio.

In the Wayne quadrangle the crests of these beaches are
level, in contrast with parts of the same beaches in the area
north of the Detroit district. They furnish local supplies of
sand and gravel and some wells are located on them, and
therefore small sections are here and there exposed for study.
They consist of cross-bedded sand and gravel ranging in thick-
ness from a few inches to 18 feet. Examination shows that
the pebbles in'the gravel were derived from the till, but that
dolomite, limestone, and argillite pebbles are slightly less
abundant and pebbles of quartzite and other crystalline rocks
are slightly more abundant than in the till. All three beaches
are well developed, close together, and easily accessible for
study along the road between sec. 12 of Northville and sec. 7
of Livonia townships.

The highest beach lies 812 feet above sea level. It enters
the Wayne quadrangle 2 miles west of Plymouth and, where
cut by the Pere Marquette Railroad, is 200 feet wide and rises
4 feet above the general slope of the moraine. With inter-
ruptions it may be traced northeastward across the southeast
corner of Northville and the northwest corner of Livonia town-
ships to where it enters Farmington Township in sec. 31. In
the irregular embayments just west and north of Farmington
no well-defined ridge was formed, but considerable sand was
deposited in the shallow water. This beach was formed during
a single stage of a relatively small lake, whose outline con-
formed to the irregular contour of the moraine and which
accomplished little in the way of modifying its shore line.

The middle or main Maumee beach lies between 785 and
795 feet above sea level, or about 25 feet lower than the upper
one. It is better defined than that beach and forms a more
conspicuous topographic feature, parallel to and just east of  it.
Where the slope is steep the two are only 500 to 600 feet
apart. Although consisting mainly of gravel, or gravel and
sand, in places the ridge consists very largely of sand, espe-
cially near Farmington, where the beach cuts through the west-
ern edge of the village. In the NW. 1 sec. 13, Farmington
Township, the beach is especially well defined on the slope of
a spur of the moraine. It is so well developed at numerous
other places along its course that it has sometimes been mis-
taken for the Whittlesey beach, which lies cons1derab1y lower
and a mile to the east.

Fragments of a beach marking a still lower stage of Lake
Maumee are found at 760 to 770 feet above sea level. It is
best defined opposite the mouths of the streams, apparently
because of the material supplied for building deltas at those
points. Such a sandy gravel ridge lies just west of Plymouth,
in the NE. 1 sec. 27 and the SE. 1 sec. 22, Plymouth Town-
ship. The beach is fairly well developed in the SE. 1 sec. 12,
Northville Township, and across the center of. sec. 13, Farm-
ington Township. Throughout most of its course it is rather
poorly developed and has the appearance of having been sub-
merged after its formation. It is believed to have been formed
next after the upper beach and then to have been submerged
while the middle beach was being formed.

Delta, deposits.—Thin deposits of sand and loam, somewhat
pebbly in places, were formed as deltas at the places where the
~predecessors of the middle and upper branches of River Rouge
and their tributaries emptied into the successive stages of Lake
Maumee. A small amount of such material is found between
Plymouth and Waterford and still more of it southwest, west,
and north of Farmingten, where much of it was subsequently
worked over and redistributed by the waves. The deposit
near Plymouth is mainly loam and covers about a square mile,
and the Farmington area comprises about a square mile of
sand and 2 square miles of loam. Both areas were probably
orlglnally larger and both ‘probably extend southeastward
under the younger lacustrine deposits. Data are lacking from
which to determine the average or maximum thickness of
these delta dep0s1ts, but they probably constitute only-a thin
veneer of stratified sand or loam resting on the gentle slope of
the Defiance moraine. The bulk of the deposit is dpparently
referable to the middle stage of the lake, the latest in point of
time.

‘ Deposits of Lake Arkona,

Beaches.—Next in order of age, though not in position, are
three roughly parallel low sand ridges at approximate altitudes
of 710, 700, and 695 feet above sea level, marking cor respond-
ing stages of glacial Lake- Arkona. They lie 2 to 3 miles
southeast of the Maumee beaches and have the same northeast-
southwest trend. Across the Arkona deltas the beaches form
rather symmetrical curves, convex southeastward. This feature
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is best displayed rear Plymouth and Southfield and not so
well near Farmington. In some places the sand seems to have
been blown or washed away and only the few pebbles left on
the clay mark the position of the beach. In other places
lake sediments appear to have obscured the small amount of

beach deposit, but where deltas were being formed, as at the

mouths of the tributaries of River Rouge, much larger ridges
were built and have persisted.

At Denton, just west of the district, the ridges are close
together and contain considerable sand. The lower beach is
well represented in the NW. 1 sec. 1, Canton Township, by a
gravel ridge 900 feet across, 4 to 5 feet above the general sur-
face, and 696 feet above sea level. Kast of Plymouth the
profile of the Pere Marquette Railroad gives a section of the
Arkona beaches that were built upon the delta of Middle
River Rouge. A broad swell, 2,600 feet across and 5 feet
above the general level and carrying several minor ridges,
extends from sec. 24 into sec. 25, Plymouth Township. The
railroad altitude shown is 713 feet, a little higher than the
uppermost Arkona beach, but there may be a slight error in
the leveling. About 4,000 feet to the east another 700-foot
crest crowns a broad swell 2,000 feet across and 6 to 8 feet
above the general level. These broad sand swells indicate in
a general way the position of the shore line, which has been
located only approximately along their crests. In sec. 30,
Livonia Township, ridges are shown with altitudes of 695, 689,
and 683 feet, the lowest evidently being the Warren beach.
A well-developed strip of the lowest Arkona beach lies about
a mile northwest of Southfield and extends eastward across the
southern part of sec. 17. Just west, in sec. 18, the highest
Arkona beach is well déveloped, but the middle beach is not
there recognized.

Deltas.—The largest deltas of the entire series of lakes are
associated with the various stages of Lake Arkona, although
they can not be entirely differentiated from similar deposits of
Lakes Whittlesey and Warren. They consist of pebbly sand
and loam, interbedded with thin sheets of gravel, and cover
nearly 30 square miles of the Wayne quadrangle, mainly in
Plymouth, Livonia, Farmington, and Southfield townships.
The best-developed delta is in southeastern Plymouth and
southwestern Livonia and forms a flat, fan-shaped deposit, 12
to 15 feet thick and resting on clay. Measured radially the
deposit extends 2% to 3% miles from the mouth of the Middle
Rouge of that time, and its surface slopes from 12 to 20 feet to
the mile. Toward the margin the pebbles are smaller and less
numerous and the delta sand grades into the ordinary lake
sand and loam.

During the same stage of the lake a similar but larger delta
in southwestern Wayne County and the adjacent part of
Washtenaw County was formed by Huron River. It lies
mainly just west of the Romulus quadrangle, in Van Buren
and Sumpter townships, but, together with the deposits of lakes
Whittlesey and Warren, it covers nearly 20 square miles of
those townships in the quadrangle. In this part the surface
slope is only 6 or 7 feet to the mile. The deposit is 20 feet
thick in the western part of Van Buren, thins gradually east-
ward, and gives out as the present valley is reached. The part
lying west, south, and east of Belleville is more loamy, appar-
ently due to younger deposits.

Deposits of Lake Whittlesey.

Beach.—The Whittlesey beach lies between the lowest
Maumee and the highest Arkona beaches and has the same
northeast=southwest trend. It crosses Plymouth, Northville,
Livonia, Farmington, and Southfield townships in a nearly
direct line. It is the most conspicuous beach ridge in the
district, being 300 to 900 feet across and standing 7 to 15 feet
above the general level of the lake plain. -In many places it
deflects the drainage, determines the location of highways, and
furnishes attractive building sites. It was generally recognized
by the pioneers as an old shore line and it received early
attention from the Michigan and Ohio geological surveys.
Bela Hubbard traced it across southeastern Michigan for 60
miles, and it was approximately located on the map of Wayne
County prepared by Higgins and published in 1840.

The beach enters the Wayne quadrangle near the center of
sec. 33, Plymouth Township, passes directly through Ply-
mouth, and determines the location and direction of the main
street. Just after crossing the Middle Rouge it makes a slight
curve and then holds a remarkably direct course through
Farmington, leaving the quadrangle in the NW. 1 sec. 18,
Southfield Township. The altitude of its crest ranges from
735 to 740 feet above sea level and from 162 to 167 feet above
Lake Erie. In the Detroit district no effect is discernible of
the differential uplift which sets in just to the north. The
western or landward side of the beach is perceptibly steeper
than the eastern or lakeward side. For some distance along
the eastern side, particularly in Livonia and Farmington town-
ships, cobbles and some bowlders have .been concentrated at
the surface of the till by wave action.

Well records indicate that the beach deposit is 10 to 25 feet
thick. As seen in sections exposed in gravel pits it consists of

interstratified and cross-bedded sand and gravel. (See Pl
XIIL.) The pebbles are well rounded and of about the same
character as those of the Maumee beaches.

Spits or bars.—A pair of spits or gravel bars branch off from
the Whittlesey beach just east of the Middle Rouge, at Plym-
outh. The easternmost or inner one is simply a continua-
tion of the main beach southward for seven-eighths of a mile,
from sec. 24 across the northwest corner of sec. 25, Plymouth
Township; the crest descends gradually until the ridge merges
with the general surface of the delta upon which it rests. The
main beach in the SW. 1 sec. 24 curves rather abruptly west-
ward, and between it and the spit just described is a second
less well-defined ridge about half a mile long. The diagonal
highway in sec. 24 which runs on the crest of the Whittlesey
beach is continued along the crest of the main spit for nearly
its entire length. Where crossed by the Pere Marquette Rail-
road its altitude is 726 feet, this part being barely awash at the
time of its formation. The following section was exposed
there in 1902:

Section of Whittles;ay beach deposit near Plymouth.

. Ft. in
Loam, yellow, gravelly __._____ . _________ e 10O
Gravel, fine, stratified, dipping westward______________.__ 13
Sand, stratified horizontally___._______________.________ 1 3
Sand and gravel, cross-bedded (bottom of deposm not

exposed) - e 20 0

Deltas.—The only stream discharging into Lake Whittlesey,
in the Wayne and Romulus quadrangles, that was at all active
in depositing detritus was the Middle Rouge. In the slight
depression between the Whittlesey beach and the highest
Arkona beach the surface is covered with pebbly loam resting
upon sand and gravel, which occupy 3 square miles in eastern
and southern Plymouth Township and rest in turn on the
ground moraine. Some of the finer material was carried 2 or
3 miles along shore by waves and currents and must have
extended out over the Arkona delta, which at that stage was
completely submerged. The general slope of the surface of the
deposit is 8 to 12 feet to the mile.

Deposits of Lake Wayne.

Beach.—The deposits of Lake Wayne come next to those of
Lake Whittlesey in order of age, but not in- position, as the
surface of the lake was considerably lower than that of Lake
Whittlesey and, in the subsequent Lake Warren stage, the
water rose again nearly to the level of Lake Arkona and the
Wayne beach was submerged. In contrast with the Maumee,
Whittlesey, and Warren beaches that of Lake Wayne, although
here and there pebbly, is composed almost entirely of sand.
As a result of its having been modified by later action of wind
and wave, the tracing of the exact position of the strand line
is rather difficult in many places. In the vicinity of Wayne,
from which village the lake and beach derive their name, the
beach consists of a broad, flat swell of sand 3,400 feet across, 5
feet above the general surface, and 655 feet above sea level.
Where best defined its crest appears to lie between 650 and
660 feet, but bars were formed at lower levels in the shallow
water in front of the beach, and the wind here and there
heaped the dry sand into dunes, the tops of some of which
have greater altitudes than can be assigned to the beach proper.

The Wayne beach enters the Romulus quadrangle in the
NW. 1 sec. 28, Sumpter Township, and extends northeastward
past Martinsville, Romulus, Wayne, Livonia, Clarenceville, and
Royal Oak. In Nankin Township and the southern half of
Livonia Township its trend is northerly, but it swings east-
ward and southeastward in Southfield and Greenfield town-
ships, to pass around the Detroit moraine, and then curves,
with considerable interruption, sharply to the north again
across the center of Royal Oak Township. Behind the Detroit
moraine, in the northeastern part of Livonia Township, the -
beach is poorly developed and traceable with difficulty, but on
the lakeward side of the moraine, in Greenfield and Royal
Oak townships, it is prominent, and in Royal Oak Town-
ship it is double for 3 miles and contains many small pebbles.

Shore deposits—In front of the Wayne beach, throughout
nearly its entire length, a thin dressing of sand, somewhat
pebbly in places, mantles the lacustrine and glacial clays.

"The belt is of irregular width, but nearly everywhere it

extends from 1 to 3 miles down the slope to the Grassmere
beach, where it mingles with similar material deposited in
glacial Lake Lundy. The continuity of the belt is inter-
rupted only in southern Livonia Township and there only
for a short distance. The deposit thins gradually east-
ward and southeastward and merges into the beach deposit
in the opposite direction. It represents in part fine delta
material more or less reworked by the waves and in part
similar material derived directly from the till by wave action.

An interesting series of sand spits and bars, most of them
roughly parallel to the main beach ridge, is developed on the
crest and eastern slope of the Detroit moraine ‘in northern
Greenfield and southern Royal Oak. They consist of narrow
sand ridges of about the same height as the beach itself and
are spaced from a quarter to half a mile apart. They range
in length from a quarter of a mile to 3 miles. The spits are



best developed just over the crest of the moraine in secs. 20,
21, 22, 15, and 16 of Greenfield Township. Just west of
Palmer Park, in secs. 9 and 10 especially, the ridges are shorter
and less regularly placed and some at approximately right
angles to the beach are apparently bars.

Deposits of Lake Warren.

Beach.—The Warren beach, formerly known as the Upper
Forest beach, although younger than the Wayne beach, lies
considerably higher, next to the lowest Arkona beach, to which
it is roughly parallel. It is rather poorly represented in the
Romulus quadrangle, but assumes definiteness and character
in places in the Wayne quadrangle. It is composed wmore
largely of gravel than the Wayne beach and in places it
resembles the Whittlesey beach although it is not so high and
broad. The crest is nearly everywhere 682 feet above sea
level and shows no indication, in the Detroit area, of the
differential uplift that sets in just to the north.

The beach enters the Romulus quadrangle in sec. 4, Sumpter
Township, swings to the west in a smooth curve through
sec. 33, Van Buren Township, and leaves the district to reenter
it north of Huron River. Northeast of Belleville the beach
consists of a rather well-defined pebbly ridge of sand and two
short bars at a slightly lower level. Thence its course is north-
ward across Van Buren and Canton townships, a well-defined
gravel ridge a mile and a half long passing through Canton
village. For the next 6 miles there is very scant trace of
beach or shore line, but across the Arkona delta of the Mid-
dle Rouge, in the southwest corner of Livonia Township, a
well-defined pebbly ridge of sand was formed in the SE. %
sec. 31. In the northeast turn of the beach a similar but
longer pebbly ridge was formed across sec. 9 of the same
township. Little beach is now left behind the Detroit moraine
in Farmington and Southfield townships, but across the crest
of the moraine in secs. 25 and 24, Southfield Township, and
secs. 19 and 18, Royal Oak Township, gravelly sand ridges,
about half a mile east of the lowest Arkona beach, mark the
Warren shore line. ‘

Bars and deltas.—Gravel and sand ridges, with crests some-
what below that of the main Warren beach but higher than
the Wayne beach, occur at several points in the district at
intervals of a mile or two. They are from half a mile to a
mile and a half long, more or less curved, and evidently bars.
The longest and simplest trends northwest and southeast across
secs. 35 and 36 of Southfield Township. A prominent semi-
circular gravel-sand ridge, with a short curved spur on the
southern or concave side, lies in the SE. 1 sec. 12, Van Buren
Township. Where the beach approaches the Huron Valley,
2 miles to the southwest, are two closely placed crescentic bars
convex toward the southeast or lake side.

The delta deposits formed by Huron and Middle Rouge
rivers in Lake Warren can not be fully differentiated from
those of Lake Arkona. They form a veneer of pebbly sand
at the former mouths of the streams and between Warren and
Wayne beaches. The level delta terrace of gravelly loam on
which Belleville is built covers about 8 square miles, stands
about 680 feet above sea level, and is evidently to be referred
to the Lake Warren stage. A section in the village shows
5 feet of yellow loam and gravel, resting on till. The upper
branch of the Rouge accomplished but little in the way of

delta formation, at the Warren stage, but in southeastern

Farmington it deposited some loam and pebbly sand between
Farmington Junction and Clarenceville. A small but well-
defined delta, extending southwestward from Southfield back
of the Birmingham moraine and composed of gravel, sand, and
silt, covers about a square mile. -

Deposits of Lake Lundy.

General character.—Two series of disconnected sand depos-
its, having a general northeasterly trend across the district,
mark two stages of the glacial lake named Lake Lundy by
F. B. Taylor from a beach in the Niagara region, described and
named by J. W. Spencer. Neither shore line can be traced
continuously, and the beach ridges are much confused with
dunes on one side and bars and spits on the other. The two
beaches, known as the Grassmere beach and the Elkton beach,
are 4 to 7 miles apart, except near the steeper slope of the
Detroit moraine and in northwestern Springwells Township,
where they are not more than a mile apart. In the Detroit
district their difference in altitude is only 20 to 25 feet, instead
of 75 to 80 feet, as in Huron County. In general character
they resemble the Wayne beach, and the dunes on the land-
ward side of the Grassmere beach and the bars on the lake-
ward side of the Wayne beach, as well as the commingling of
the lacustrine sand that was deposited along the front of the
Wayne beach for 2 or 3 miles and the eolian sand blown land-
ward from the Grassmere beach, connect the deposits of the
two lakes and make separation difficult.

The deposits made by the streams that flowed into Lake
Lundy consist largely of sand that appears to have been
reworked by the waves and not left in typical deltas. Local
deposits of finely laminated clay were laid down on the lake
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bed, but undoubtedly the deposition of clay had already begun
during the existence of the earlier lakes.

Grassmere beach.—The crest of the higher beach, named
Grassmere by Lane from a village in Huron County, Mich., is
approximately 635 feet above sea level in the Detroit district,
but some of the associated dunes rise 12 to 18 feet higher.
The southernmost deposit assigned to the Grassmere beach in
this district is in southern Sumpter Township. From Exeter
it extends northeastward, and for 10 miles it consists of a
series of disconnected ridges, mostly short but some of them 2
miles long. The longer ones are nearly parallel to what must
have been the shore line, but many of the shorter ones are
inclined to that line or even at right angles to it.

At Romulus the beach and associated ridges swing north-
eastward and thence northward, crossing Nankin Township
just east of its center. In Livonia Township a long, well-
defined ridge assumes form in sec. 27 and branches in the
SE. 1 sec. 22, one branch extending northward for a mile, the
other curving abruptly eastward for 2 miles through the south-
ern half of secs. 23 and 24. At Sand Hill, Redford Township,
two prominent sand ridges, apparently formed by the wind,
rise to heights of 640 and 660 feet. Around the peninsula
made by the Detroit moraine a number of ridges were formed,
much as in the case of the Wayne beach. Sand ridges con-
taining some gravel stand both north and south of Grand
River Avenue in secs. 28, 29, and 30 of Greenfield Township.
The eastern half of the township, near Highland Park and
Palmer Park, is spotted with beach and bar ridges. The
somewhat prominent sand ridge that crosses Woodward Avenue
about the center of Highland Park village is one of the longer
strips of the Grassmere beach. Shorter and irregularly placed
sand ridges, surrounded by eolian and lacustrine sand and
marking the same stage, are found in southeastern Royal Oak
and western Warren townships.

Elkton beach.—The lower Lundy or Elkton beach was also
named by Lane from a village in Huron County, Mich.
Across the Detroit district it is a single, discontinuous sand
ridge, whose crest is 610 to 615 feet above sea level and which
is correlated by Taylor with the Lundy beach of Ontario and
western New York. In western Ash and southwestern Huron
townships and near Carleton, Waltz, and Willow, the sand
has, in places, been heaped up by the wind to heights of 620
to 625 feet above sea level.

Low ridges, with altitudes of 606 to 612 feet, extend from
secs. 9 and 16 of Brownstown Township northward through
Taylor into Dearborn, and are well defined near the village,
where the profile of the electric railway shows a crest 600 feet
broad and 617 feet above sea level, with a rather abrupt slope
on the east. Farther north, behind the Detroit moraine, the
shore line is not well marked, but around the southern margin
of the moraine a nearly continuous ridge may be traced east-
ward across the southern tier of sections of Greenfield Town-
ship and across Springwells Township into Detroit. It crosses
Warren Avenue as a low ridge but disappears between
Buchanan and Poplar streets at about Seventeenth Street,
although patches of sand show for a mile or more toward
Grand Circus Park. Around the point of the Detroit moraine
the wave or current action was too strong for the formation of
a beach ridge, and a shelf was cut in the till slope at 605 to
615 feet above sea level. This is best displayed on Joseph
Campau Avenue, between Campau Park and Monroe Street,
but also on other neighboring streets running north from
Monroe Street. Sand again appears on the east side of the
moraine, north and east of Elmwood Cemetery. The beach
may be traced northeastward across Gratiot Township, gener-
ally parallel to Gratiot Avenue but touching it in KErin
Township.

Clay.—Local deposits of lacustrine clay occur in the vicin-
ity of upper Detroit River, the largest lying just west of the
Detroit moraine in Springwells Township, where the maximum
thickness reported is 40 feet. The workable deposit covers
nearly 5 square miles and has a surface altitude of 585 to 590
feet above sea level, the deposit thinning in all directions and
merging into the glacial clay from which it was derived. In
the deeper pits near the Pere Marquette Railroad three beds,

‘quite distinet in color, texture, and composition, may be

recognized. Beneath 6 to 12 inches of surface soil is a
yellowish-brown layer of sandy clay, 2 to 41 feet thick, under
which is a 3-foot to 5-foot stratum stained red by the oxidation
of the iron ingredients, and this in turn rests on a bluish bed,
apparently the bottom of the deposit. The clay is finely
laminated, some of the laminae being only 0.5 millimeter
thick. It is practically free from bowlders and pebbles but
contains small irregular concretions, known locally as “clay
dogs.”

Samples of the clay from the three beds have been analyzed
by Elmer E. Ware, and the average of 15 analyses gives 62.01
per cent of silica, 12.6 per cent of alumina, and 4.35 per cent
of ferric oxide. There is no marked difference between the
three beds in the amount of iron oxide, but there is evidence
of some leaching of calcium and magnesium compounds from
the uppermost bed.

Other smaller deposits of similar lake clay lying east of the
Detroit moraine are encountered in Grosse Pointe Township
and in Detroit. In a tunnel beneath the river from the
waterworks toward the head of Belle Isle a cat-tail bog,
evidently of rather recent origin, was penetrated to a depth of
15 feet. Beneath it is a bed of brownish lake clay, containing
shells and bowlders of crystalline rocks, some of which are gla-
ciated. When visited by the author in March, 1902, this bed
had been penetrated to a depth of 25 feet below the river level.
Excavations in areas on the north show that the deposit
is of small extent. The Ecorse salt shaft penetrated 4 feet of
muck, 2 feet of mucky clay, and 4 feet of mottled brown,
yellow, and blue clay containing shells, and the Woodmere
salt shaft passed through blue glacial clay from the surface
soil nearly to bedrock.

A shallow deposit of lake clay near Leesville, on Gratiot
Avenue, was at one time extensively used in the manufacture
of brick. The deposit averages only 3 to 4 feet in thickness,
consists of blue and yellow clay free from stones, and extends
for 2 miles along the avenue. The outline of the area is
difficult to trace from its surface exposure, but it appears to be
rather narrow and much smaller than the deposit in Spring-
wells Township.

Deposits of Lakes St. Clair and Rouge.

The shore lines of Lakes St. Clair and Rouge are poorly
developed and are represented only by weak sand or gravel
ridges or by slight cuts in the gentle clay slope. The highest
St. Clair beach is represented mainly by such a cut, 1 or 2 feet
deep, in Erin and Gratiot townships, at an altitude of 590 feet
above sea level or 14 feet above the present level of the lake.
About the mouth of Conners Creek some sand ridges were
developed, the material apparently having been contributed by
the creek. Southwest of St. Clair Heights the beach dis-
appears and is succeeded near the waterworks by a low bluff
that extends across Jefferson Avenue and thence parallel to the
avenue between it and the river.

The outlet of this lake past the Detroit moraine into Lake
Rouge, though hardly more than a short strait, was in reality
the beginning of Detroit River, and a low bluff was cut by the
stream in the slopes on both sides. On the Michigan side the
bluff crosses Jefferson Avenue near Wayne Street and extends
westward, on the north side of Fort Street, to become the
shore line of the first Lake Rouge.

The bed of Lake Rouge contains much sand, and conse-
quently the surrounding beaches are better developed than
those about the first Lake St. Clair. Between West Detroit
and Fort Wayne, near the Boulevard, and extending west into

- Woodmere and Delray, are numerous well-defined sand ridges,

with a general east-west trend. A prominent sand and gravel
ridge, one-eighth to one-half of a mile wide and 16 feet above
the river, furnished the site for the fort. On the south the
sand gives out as the shore line curves through western Ecorse
Township. The Grosse Isle moraine was encountered at
Wyandotte Heights and the beach was deflected toward the
river but was continued on both sides of the ridge at Trenton.

The water level of the western channel, leading into Lake
Erie, may be traced as a sandy belt through secs. 11, 14, 28,
26, and 85, Monguagon Township. From Flat Rock to the
mouth of Huron River strips of sand, apparently of delta

“origin, are.scattered along the north side of the wvalley.

Grosse Isle was already an island, although more completely
submerged than now, and a low gravelly ridge was developed
about its north end, where the wave action was most pro-
nounced. South of Huron River no recognizable trace is left
of the shore line of Lake Erie at that stage. \

RECENT SERIES,

LACUSTRINE DEPOSITS.

Beaches and deltas—The lower stages of lakes St. Clair and
Rouge.are marked by beach deposits and low bluffs so near
the present level of Detroit River that they might easily be
referred to a higher level of the present water bodies. They can
not now be followed continuously, either because. of their origi-
nal weak development or because of their subsequent destruc-
tion. At Milk River Point the waves of the second Lake
St. Clair cut into the Emmet moraine and formed a low bluff,
which has been preserved by the concentration of bowlders
from the moraine. Traces of similar cuts are found to the
south in Grosse Pointe Township. South of Grosse Pointe
Farms the beach leaves the lake and swings southwestward, as
a sand ridge, through Cottage Grove and Fairview. At the
time of Lake Algonquin the crest of the Emmet moraine in
Grosse Pointe Township was an island in the first Lake
St. Clair. At the second stage of the lake the island was nearly
5 miles long and half a mile wide, and deposits were made on
all sides of it. 'West of this island ridge is a well-defined sand
ridge, which is followed by Mack Avenue for more than 5 miles.

The lower Rouge beach is represented in the western part of
Detroit by a low bluff in the grounds of Fort Wayne and by a
ridge in Delray. Southward, across Ecorse Township, it is

followed by the old highway, now on one side and again on



the other, as a fairly well defined and continuous ridge. In
Monguagon Township the beach lies close to the river, where
it has been mostly destroyed. Traces of this stage of the river
may be noted here on the islands and on the mainland, near
the site of the Brownstown battle field, in the NW. 1 sec. 1.

Small beaches are being formed here and there about the
present lakes and along the banks of Detroit River, but they
are too small to be shown on the map.’ Along much of the
shore of Lake St. Clair and the banks of upper Detroit River
and on a number .of the islands in the river the banks are
‘being cut back and- a low bluff is being formed. As a result
of this action a barrier of glacial bowlders from the Emmet
moraine has been formed along the shore for 8 miles south
from Milk River Point. Along lower Detroit River, north ot
the mouth of Huron River, and along the Lake Erie shore a
low, narrow sand ridge separates the marsh from the open
water and furnishes sites for cottages.

‘Delta deposits opposite the present mouths of the streams are
also meager, especially. compared to those deposited in some ot
the Pleistocene lakes. The accurate maps of the Coast and
Geodetic Survey give little or no indication of such deposits,
except about the mouths of Huron and Detroit rivers. The
Huron has a recognizable delta, about 2 square miles in area,
composed of sand and silt. About the west end of Lake Erie
and extending up into the broad mouth of Detroit River a
veneer of sand deep enough in places to be dredged for build-
ing material is spread over the glacial clay.

Dune sand.—Practically no formation of dunes is going on
along the modern beaches in the district, but at numerous
localities along the Wayne, Grassmere, and Elkton beaches
dune deposits are being formed, especially in areas now under
cultivation. The sand is rather fine-grained and free from
pebbles and consists mainly of quartz with small amounts of
the other common rock-forming minerals, mixed with some
clay, which imparts to it a yellowish-brown color. Sections of
such deposits show no stratification or only obscure traces of
such structure. The sand was evidently derived originally
from the till, being separated first by wave action, and there
is no means of distinguishing the dunes of Recent age from
those formed during the existence of the glacial lakes. Each
group of dunes lies mainly west of the beach from which the
material composing them was evidently derived. In addition
to the well-defined dunes, sand of the same nature is being
spread thinly over similar deposits of earlier age or upon the
glacial and lacustrme clays.

ALLUVIUM, .

Resting on the Pleistocene alluvial deposits and indistin-
guishable from them are thin deposits of sand and silt and
some gravel, of Recent age. A relatively small amount of
shifting material of this nature is found in the beds of the
streams, but most of it mantles the Pleistocene flood plains
and the marshes that border the mouths of the larger streams.
The broadest areas of fluviatile deposits are along Huron and
Rouge rivers and their tributaries, but narrow deposits extend
up almost to the heads of even the smaller streams. Their
combined areas would amount to at least 35 square miles.
The gravel and sand are roughly stratiﬁed and the silt more
regularly but less conspicuously so. In certain layers the silt
grades into-an alluvial clay, some of which has been used in
making brick. No satisfactory data are available for deter-
‘mining the thickness of the combined Recent and Pleistocene

flood-plain deposits, but it probably ranges from a fraction of
an-inch to 15 feet.

' SWAMP DEPOSITS,

Muck and peat.—Beds of muck and peat have been and are
still being formed in hollows in the flood plains, in the marshes
about the mouths of the streams, and in other small areas-in
which the drainage is obstructed by deposits of sand or clay.
'So far as known they range in thickness from 1 to 8 feet, but
they may be considerably thicker. Such deposits are numerous,
but they are generally small, and only the larger ones have
“been mapped. The extensive swampy areas adjacent to Detroit
‘River and Lake FErie are included with the alluvium in map-
ping. Other patches, having a total area of 8 or 4 square miles,
are distributed throughout the district. One of the largest is in
secs. 5, 8, and 9, Brownstown Township, and another extends
from north to south across the southwest quarter of Royal Oak
Township. A similar area, almost as large, lies in west-central
Nankin Township, 2 miles northwest of Wayne. = Remnants
of a large swamp, known in early times as “Big Bear Swamp,”
are still found in secs. 5, 6, 7, and 8, Romulus Township.

Marl.—A thin layer of marl is generally found beneath the
peat. It is fine, incoherent, and ashy white and contains shells
and, in many places, remains of roots. The principal localities
noted, but not shown on the map, are in secs. 5, 8, and 28,
Brownstown Township and -secs. 9. 10, 15, and 16, Sumpter
Township. - '

Bog ore. ——Local deposus of earthy iron ore and of red and
'yellow ocher have been formed here and there. Rather exten-
sive deposits of such material occur west of Martinsville in secs.
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9, 10, 15, and 16, Sumpter Township. They are reported to
cover a square mile, to have an average thickness of 8 feet, and
to rest on a bed of marl. Another small deposit is reported in
sec. 22 of the same township. The extent and limits of the
deposits are not known, and they are therefore not shown on
the map. In the sites of former small ponds, now under culti-
vation, hard masses of yellow to brown spongy bog ore are
brought to the surface by the plow.

STRUCTURE.
GENERAL FEATURES.

The structural features of the Detroit district are, in the main,
simple, the successive strata overlying one another very regu-
larly and in apparent conformity. The strata have been tilted
to the northwest from their original nearly level position, but
their dip is so slight that in small exposures the beds seem to
be nearly level. Except for certain local irregularities the strata
as a whole dip gently northwestward, toward the center of the
Michigan basin. The tilting that produced the dip was accom-
panied by gentle warping or puckering of the strata, by joint-
ing, and by slight faulting, but well records are neither suffi-
ciently numerous nor so widely distributed as to permit the use
of structure contours to delineate the structure of the district.

The average dip can be determined only from the records of
deep wells, and most of those whose records are available are
outside the district. The average slope of the top of the Monroe
group from Detroit to 'Ann Arbor is 14.74 feet to the mile in a
direction almost due west; measured on the Sylvania sandstone
between the same points it is 15.7 feet to the mile. "Along
Detroit River the top of the Sylvania sandstone slopes north-
ward at the rate of 27 to 32 feet to the mile, and from its out~
crop in Monroe County to Ann Arbor it slopes northwestward
at an average rate of 38.5 feet to the mile, practically in the
direction of the dip. The available data show that the dip

differs somewhat for the different strata and that it ranges

between 25 and 40 feet to the mile.

In the lower Detroit River area local warping has increased
the dip and somewhat changed the strike. In the Sibley
quarry the dip ranges from 3.9 to 4.4 feet to the hundred and
the strike from east of north to a few degrees west of north.
When the Detroit River dolomite was exposed in the bed of the
the river by the construction of the Livingstone Channel aver-
age dip of the strata was found to be S. 50° W. at the rate of
3.4 feet to the hundred. In the Anderdon quarry, in Ontario,
the dip is S. 23° W. at the rate of 6 feet to the hundred.

LOCAL FEATURES.

Folds—Folding has occurred in the district, both on a small
scale, involving only a few strata, and on a larger scale, prob-
ably affecting several formations. The exposures of bedrock
are so few, however, that the data regarding these flexures are
far from complete. A broad, low anticlinal arch in the Detroit
River dolomite crosses Detroit River at Stony Tsland from east
to west, the strata along the axis attaining an altitude of 569
feet above sea level. To this fold is due the obstruction to
navigation known as Limekiln Crossing, the so-called “sill”
of the upper three Great Lakes. Its crest and southern flank
were well shown in the wall of the Livingstone Channel, now
submerged, in which 82 rock strata, having a total thickness
of 102 feet, were exposed.

Grabau has found indications of an anticlinal fold, with two
bordering synclines, in the pre-Dundee strata. The crest of
the anticline trends about N. 60° E. and passes beneath Wyan-
dotte. He determined the dip on the south limb of the anti-
cline as 50 feet and that on the north limb as 60 feet to the
mile. A broad, shallow trough involving the same strata is
indicated by well records just outside the district at Milan, Ann
Arbor, and Royal Oak. At Ann Arbor the top of the Monroe
group is 50 feet below sea level, and it rises toward Royal Oak
at the rate of 1.5 feet and toward Milan at the rate of 20.7 feet
to the mile. A very broad arch is suggested by similar data
regarding the top of the Traverse formation, which at Ann
Arbor has an altitude of 200 feet above sea level. Toward the

northeast, at least as far as Pontiac, about 34 miles, the slope -

averages 7 feet to the mile and in the opposite direction for the
same distance, to Adrian, it amounts to 53 feet to the mile.
Measured on the top of the Antrim shale the slope toward
Pontiac is the same, but that toward Adrian is only 4 feet to
the mile.

Domes.—At a few places in the lower Detroit River region
the strata are warped into broad, flat domes instead of folds

‘and at several such places the rocks either outcrop or lie near

enough to the surface to be easily reached in quarrying. One
of the best known domes is that of the Sibley quarry, just
north of Trenton, where the Dundee strata, in an area of 1 or
2 square miles, have been warped 60 or 80 feet into a swell
whose crest is about 595 feet above sea level. All sides of the
dome are exposed except a part of the easterly slope, but a dip
in that direction is inferred from the sharp drop in the bedrock
surface, amounting to about 50 feet to the mile.

Joints and foults—The deformation of the strata recorded
in the folding and doming produced also innumerable vertical
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joints in all ‘the strata that are exposed to observation_ and pre

sumably in all the others to a considerable depth. J omtlng is
most noticeable in the brittle dolomites of the Monroe group
and less so in the Dundee strata in the Sibley quarry. At
the west side of this quarry two of the most prominent joints,
involving all the strata exposed at the time of observation,
trended N. 55° E. and N. 53° E. At the northwest corner
of the quarry another such joint was observed, approximately
perpendicular to the other two but curving to the east and
showing a fault with a displacement of a foot. A close inspec-
tion of the joints in the artificial exposures in the district shows
that a slight amount of faulting is common, but generally to
the extent of only a fraction of an inch. No large faults have
been observed in the district and none are to be inferred from
the records of the deep wells.

Where the till deposits which mantle the bedrock of the
district are well exposed they are permeated: by an irregular
system of joints of the same general nature as those described
above but of course of much later date. Percolating water
finds its way along the joints into the till and causes more or
less discoloration of the clay.

At Rockwood and in the pits of the National Slhca Co., JllSt
south of the Detroit district, the Sylvania sandstone is marked
by inclined joints or partings, which are approximately paral-
lel and dip 25° to 30°. They conform to neither the stratifi-
cation nor the lamination of the sandstone but are nevertheless
believed to be primary and to have been formed in some way
during the period in which the sand was deposited instead of
by later warping.

GEOLOGIC HISTORY.
PALEOZOIC ERA.

ORDOVICIAN PERIOD.

The earliest event recorded in the rocks known to underlie
the district was the deposition of the calcareous sediment that
now forms the Trenton limestone. This event was followed
by the deposition of the clay that forms the Utica shale, and
this in was turn followed, in later Ordovician time, by the
alternate deposition of clay and calcareous mud, the entire-
series indicating shallowing of the Paleozoic sea in the region
and increased erosion on the neighboring land. The nearest
shore probably lay so far to the east that only the finer silt
and clay reached the district during the Utica epoch. The
prevailing red color of these deposits suggests that they were
derived from a long-exposed and much weathered land surface.
The later Ordovician sediments were deposited both offshore
and in the open sea, the alternating conditions being caused
by oscillations of the sea bottom and shifting of the strand or
by varying rate of denudation of the adjacent land.

SILURIAN PERIOD.

PRE-SALINA TIME.

In the early part of the Silurian period the sea became
shallower and activity of erosion on the adjacent land increased.
Offshore and shore conditions alternated, favorable to the
deposition of iron-stained clay, silt, and sand, and, so far as
may be judged, generally unfavorable to organic life. Later,
while the calcareous mud that now forms the Lockport dolo-
mite was being deposited, the shore line was far enough
removed and the general erosion of the adjacent land was
so slight as to permit the accumulation of extensive beds of
calcareous sediment unmixed with sand and clay.. Lane sug-
gests that this condition was the precursor of the arid condi-
tions of Salina time. Probably the sediment was originally
calcium carbonate and was converted into dolomite by the
later addition of magnesium carbonate.

SALINA TIME.

Up to this time the marine conditions that were normal in
early Paleozoic time probably prevailed throughout the region,
and the interior sea was more or less directly connected with
the great oceans. By the beginning of Salina time the land
had emerged so far that a number of landlocked salt lakes,
surrounded and separated by broad expanses of arid land, were
formed in the region. The evaporation of water from these
lakes exceeded the supply from the streams and caused con-
centration of minerals in the water, originally normally marine,
which - eventually led to the deposition of dolomite slime,
calcium sulphate, and salt. The water was highly sahne and
contained few living organisms.

Several theories have been proposed to account for the
extensive deposits of salt and the remarkable beds of anhydrite
in parts of the Salina formation, which seem to indicate
periodic or continuous influx of sea water and its concentration
by evaporation. Grabau has pointed out that such influxes of
normal sea water should have brought in swarms of marine
animals, some of whose remains would have been buried in the
deposits, and also that there are no normal marine strata which
can be correlated with the Salina. He suggests what appears
to the writer as the most plausible theory so far advanced,
namely, that the sediments and concentrates which make up



the Salina formation were deposited in lakes of the playa type
surrounded by widespread desert land that was subjected to
long-continued erosion and was drained by intermittent streams
that flowed into the lakes. By such' streams the salts in the
pre-Salina marine sediments would have been dissolved,
transported to the lakes, and there concentrated and deposited
by evaporation, as they are deposited in similar basins to-day.
It has been computed that the erosion of 400 feet of Lockport
dolomite in the Great Lakes region would furnish the salt
required for a bed covering 25 000 square miles to a depth of
100 feet, containing 500 cubic miles of salt. Furthermore,
the erosion of such a mass of dolomite may have supplied the
sediment from which the dolomite of the Salina formation was
in large part derived. The remarkable fauna of eurypterids
and ceratiocarids which are found elsewhere in some of the
beds of the formation, and which are unlike any earlier fauna
known, are believed by some to be fresh-water or brackish-
water forms whose remains may have drifted into the denser
lakes and there have been deposited.

BASS ISLANDS TIME.

- The close of Salina time and the beginning of Monroe time -

were marked by no great change, either climatic or physio-
graphic. An approach to more nearly normal marine condi-
tions is suggested, but they were not yet attained. The sea
again covered southern Michigan, and the character of the
fossils shows that it transgressed westward across the district.

The climate became somewhat more moist until toward the
close of Salina time, the change being accompanied by greater
drainage and less evaporation. The conditions which in
Salina time had led to the deposition of salt and gypsum were -
not again reached in southeastern Michigan, but dolomitic
slime and clay mud, more or less intimately mixed, were
washed into the basin.

The occurrence of beds of oolite 1 to 3 feet thick, containing
- granules like those found in Great Salt Lake, suggests the
existence at that time of certain algae or bacteria, which
now produce similar oolitic granules. Layers and films of
carbonaceous matter interstratified with the dolomite also
indicate the presence of some vegetation. Further evidence
of the existence of shallow water and even of mud flats is
furnished by ripple marks and sun cracks on the surface of
some of the strata. ‘

It has been supposed that the Salina formation originated
from deposits of dolomitic slime derived by erosion from dolo-
mite already in existence, but the fossil shells and oolitic grains
were no doubt originally calcium carbonate and contained very
little magnesium carbonate, indicating that some calcium car-
bonate had been altered to dolomite. The bed of very pure
Anderdon limestone in the Detroit River dolomite shows, on
the other hand, that no wholesale conversion of the strata has
taken place, such as might have resulted from percolating mag-
nesian waters. By whatever theory dolomitization elsewhere
may best be explained, observations in the Detroit district
indicate that it was here due to the alteration of calcium car-
bonate, an alteration which possibly was in some places com-
pleted by the action of imprisoned salts before the beds were
hardened.

SYLVANIA TIME.

The shallow water of late Bass Islands time culminated in a’
second emergence of southern Michigan and the establishment

of desert or semidesert conditions. One or two transgressions
of the sea during the epoch seem to indicate that the shore line: |

was not very distant and apparently lay south and west of the
district. Wind and wave action on the west and northwest
had resulted in the disintegration of previously formed beds of
sandstone, such as the St. Peter and the Lake Superior, and
the pure quartz particles were moved to southeastern Michigan
and the adjacent territory. The sand grains were still further
rounded and sorted and practically all the softer minerals were
‘eliminated. In a rather large area the shifting sand was
heaped into dunes, cross-bedded, and irregularly stratified.
Local subsidence permitted an invasion of the sea and the
formation of a bed of dolomitic mud, into which sand particles
from the adjacent land were washed or blown. Emergence
restored for a time the former conditions and permitted the
further deposition of wind-blown sand directly upon the dolo-
mite, where that existed and persisted, and in other places on
the earlier deposits. 'When renewed submergence brought the
epoch to a close the sarface layers of sand were worked over
by the waves, vegetation sprang up, and molluscan life was
introduced. Later, percolating water introduced some insig-
nificant amounts of silica along with calcium and magnesium
carbonates and the sand particles were cemented into coherent
sandstone.. The addition of the silica led to the secondary
enlargement of some of the granules, the added silica growing
along the crystal axes of the original grains and becoming
homogeneous with them.

DETROIT RIVER TIME.

Without any marked stratigraphic break the dolomitic beds
of the Detroit River formation were laid down upon the
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Sylvania sandstone and conditions very similar to those of
Bass Islands time were restored. The sea still persisted in the
region of Lake Erie and in districts on the south. Under
the conditions of Anderdon time corals and stromatoporoids
flourished, and extensive reefs were built. Some oolite is
embedded in the dolomites of the Detroit River formation
but not so much as in the Bass Islands dolomite, which sug-
gests that the water was ordinarily less concentrated. The
invasion from the northwest of organisms later typical of the
Devonian, culminating in Anderdon time, really began in Flat
Rock time. Some of the more persistent species survived
through the deposition of the Amherstburg into that of the
Liucas, where they existed side by side with typical Silurian
forms which had come in from the east and had become tem-
porarily dominant.

The Anderdon limestone gives evidence of having originated
in large part through the accumulation of calcareous animal
remains, chiefly of corals, bryozoans, and stromatoporoids, in a
shallow, open sea. Some of the beds, however, are so free from
such fragments, so pure, compact, and delicately laminated, as
to suggest that they may have been chemically precipitated.

DEVONTAN PERIOD.

DUNDEE TIME.

Silurian deposition in the Detroit district was brought to a
close by emergence of the land. The disturbance responsible
for this change caused also slight folding or wrinkling of the
Silurian strata, but the irregularities so produced were largely
obliterated by the erosion which took place during the deposi-
tion of the early Devonian beds on the east. Later the region
was again covered by the sea and was inhabited by a fauna
comprising forms which appear to have come in part from the
Gulf of Mexico and in part from the Atlantic. A wonderful
profusion of bryozoans, corals, crinoids, and mollusks lived in
the clear, warm water, and their calcareous remains supplied the
material for the limestone. The freedom from terrigenous sedi-
ment suggests an absence of extreme erosion on the neighbor-
ing land and probably a moderately dry climate. Fishes
appeared for the first time in the region and were represented
by strange forms of sharks, which contributed to the limestones
some plates, spines, and teeth. From the soft parts of the
organisms were derived small quantities of oil and asphaltum.

The sea of Dundee time also contained immense numbers
of forms having siliceous skeletons, such as siliceous sponges,
radiolarians, and diatoms. When conditions were especially
favorable the deposition of their remains took place compara-
tively free from the calcium carbonate, and these thin strata
of chert were laid down upon the ocean floor. There is evi-
dence that solution and redeposition occurred, which gave rise
to irregular nodules, thin seams and veins of chert, and the
silicification of the calcareous fossils.

TRAVERSE TIME.

In Traverse time the climate evidently became moister and

land erosion was increased. An uplift of land on the north-

east, accompanied by some folding, quickened the rivers and

led to the deposition of fine sediments in the Michigan region.
The persistent bed of black shale first formed indicates that

Traverse time was ushered in with offshore conditions which

permitted the growth of much vegetation and the incorporation
of carbonaceous matter into the sediments. Open-sea condi-
tions similar to those of Dundee time subsequently prevailed
especially toward the north, and were accompanied by oscilla-
tions of the sea bottom, which permitted the formation of alter-
nate beds of calcareous and aluminous mud containing little if
any carbon. The material consisted of levigated mud, which
must have been gently drifted into the region from a distance
and quietly deposited. Toward the close of the epoch elevation
of the region on the south set in, accompanied by disturbances
of the strata and weathering of the emerged surface. The ele-
vation ‘spread northward, bringing the Lower Peninsula of
Michigan above the sea level while shales were being deposited

on the east.
ANTRIM TIME.

Devonian deposition in southeastern Michigan closed with
subsidence and partial reelevation. Offshore and estuarine
conditions, with muddy seas and much floating vegetation,
permitted the deposition of black mud and some sandy mud
or sand. The vegetation is believed to have been somewhat
similar to the floating fern of modern European rivers (Salvinia
natans); the spore cases of both macrospores and microspores
have been identified; and the Antrim sea is to be thought of
as a great sargasso of such floating plants (Protosalvinia), which
through the preserved spore cases supplied the high content
of carbon that has given rise to the oil and gas so abundant in
the formation. The fine sediments from the land were gently

floated seaward and deposited very evenly over the sea floor..

The concretions in the shales derived from these sediments
are believed by Daly to have been formed in place while the
deposits were being laid down. Aside from the fishes, animals
found little to attract them to the region and there is a sur-

prising scarcity of their fossil remains. The surrounding

region seems to have had but slight relief and the climate was
undoubtedly moist.

CARBONIFEROUS PERIOD.
MISSISSIPPIAN EPOCH.

BEREA AND COLDWATER TIME.

The Carboniferous period was ushered in with the establish-
ment in this region of conditions favorable to the deposition of
coarse sand. The stability that appears to have prevailed while
the Antrim was laid down was interrupted by an elevation of
the land, a consequent quickening of the rivers and increase of
erosion, and an approach of the shore line from the east, prob-
ably accompanied by a moister climate. A slow subsidence
permitted the formation of the Berea to a considerable thick-
ness and established offshore conditions, temporarily like those
of the Antrim. During this time the black shale stratum was
formed. The bulk of the Coldwater formation, mainly light-
colored shales accompanied by layers of limestone and sand-
stone, is the record of sedimentation under conditions shifting
from those of the shore to those of open sea, and the epoch
ended with a general shallowing. Vegetation seems not to
have been very abundant except during what is regarded as
probably the Sunbury part of the Coldwater epcch.

A commingling of faunas from several sources occurred
during Coldwater time, which ended with a restoration of the
littoral conditions under which the Mississippian epoch had
begun. In southeastern Michigan the sandstone of the Cold-
water appears to pass imperceptibly into the overlying Marshall.

This change in the character of the deposits presaged the
emergence of the region, but the central part of the Lower
Peninsula of Michigan was covered by a relatively small sea, in
which were deposited strata of Pennsylvanian age. Later
came final emergence from the sea and the close of Paleozoic
deposition in the region.

POST-CARBONIFEROUS DEFORMATION.

Great orogenic disturbances which had been foreshadowed in
the district by the oscillations during the Mississippian epoch
culminated near the close of the Carboniferous period in a
general elevation of eastern North America and terminated the
Paleozoic deposition in the region. The attitude of the strata
of the Lower Peninsula of Michigan, described in the Intro-
duction to this folio, suggests that they had been considerably
deformed before the final disturbance. This differential move-
ment produced some of the main warping and puckering of
the strata and probably most of the jointing and faulting. In
Michigan, however, the disturbance was unaccompanied by
marked crumpling or deformation of the strata and appears to
have been almost wholly simple uplift.

MESOZOIC ERA.

Although somewhat elevated at the beginning of the Meso-
zoic era it is probable that the land surface was subdued in its
general topographic features and that a long cycle of erosion
or possibly a series of such cycles ensued. The region is not
known to have been again submerged, but it is believed to
have been affected by at least one considerable uplift, near the
close of the era, after the upturned edges of the strata had been
beveled and the general surface had been reduced to a peneplain.

The general direction of drainage in the district appears to
have been easterly but data relative to the stream channels
themselves are very meager. Broad, shallow troughs follow
the northeast strike of the softer formations (Antrim, Traverse,
and Sylvania) and possibly mark the positions of former val-
leys, but it is uncertain how much they are to be attributed to
stream erosion in Cretaceous or Tertiary time and how much
to erosion by the ice sheets in Pleistocene time.

CENOZOIC ERA.

TERTIARY PERIOD.

The Tertiary period appears to have been ushered in with
an uplift of a few hundred feet, which gave new life to the
streams and accelerated the general decay and erosion of the
surface. The several strata of the district gave rise to a variety
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