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ABSTRACT

SUBSURFACE ANALYSTIS OF THE MIDDLE
DEVONIAN SYLVANTA SANDSTONE IN
THE MICHIGAN BASIN
By
Ryan Glenn Kempany

The Sylvania sandstone is of Lower Middle Devonian age
and represents a basal transitional formation into the
overlying Detroit River Group of lower Michigan and north-
western Ohio. Wild (1958) was the last person to attempt
research on this stratigraphic unit but the most extensive
study was completed by Grabau and Scherzer in 1907. 1In
view of the availability of additional sample data as well
as mechanical logs, a restudy of the unit was considered
advisable, especially as increased interest is being shown
on the part of some petroleum/gas companies.

Information for analysis was acquired by examination
of well cuttings, gamma ray-neutron logs and printed
driller-geologist logs supplied by the Michigan Geological
Survey. Regional isopach and structure contour maps were
constructed employing approximately one hundred control
wells. Tops are derived predominantly from samples but
when drill cuttings were not available for key wells,

gamma ray-neutron logs were used to supplement the data.



Ryvan Glenn Kempany

Lithofacies trends were delineated from subsurface
samples and displayed as sand, carbonate, chert and
evaporite percentage maps, and also as a clastic ratio
map generated to determine the paleoenvironment and history
during Sylvania time.

From this investigation it can be concluded that
fluvial and perhaps some eolian processes supplied sand
to the seaway where it was reworked, redistributed and
redeposited by marine currents and waves within a persis-
tent shore line environment, predominately along with
carbonates of the Sylvania age sea. The St. Peter sand-
stone of Lower Middle Ordovician age in the Wisconsin
Highland area to the northwest, the Findlay Arch area to
the east and southeast, and the Canadian Shield area to
the northeast are considered to be chief sources for the

Svlvania sandstone.
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INTRODUCTION

Scope and Purpose of Investigation

The Sylvania sandstone is of Lower Middle Devonian
age and represents a basal transitional formation into
the overlying Detroit River Group in southeast Michigan
and northwest Ohio (Figure 1). Recent wells drilled,
involving the sandstone, are encountering difficulty in
determining the contact relationships and stratigraphic
position relative to underlying units. In addition,
lateral gradations are questionable. Wild (1958) was the
last person to attempt research on this thus-far econom-
ically unproductive formation and the only truly extensive
study was completed by Grabau and Scherzer in 1907. Since
that time, the Sylvania sandstone has been discussed only
as a component part of the Detroit River Group to which
it belongs.

In view of additional sample data as well as mechanical
logs the Sylvania sandstone needs restudy. The purpose of
this investigation has therefore been to: 1) establish
subsurface relationships of the sandstone to the under-
lying Bois Blanc and Bass Island disconformable units,

2) analyze the lithology and determine the distribution
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pattern, 3) establish a relationship of the Sylvania to
the overlying carbonate section, 4) gather information
adding to a better understanding of the nature and direc-
tion of the source, 5) develop a model concerning the
depositional environment as deduced from composition and
physical properties, 6) update structure and isopach
interpretations, and 7) make observations concerning
clastic ratio, sandstone, carbonate, evaporite, and chert

distribution patterns.
Previous Work

The Sylvania sandstone was named by Edward Orton in
1888, but has been recognized and discussed in literature
since 1837 when John L. Riddell (1837, p. 9) reported the
occurrence of a calcareous sandstone along the Maumee
River in Ohio. In 1896, J. S. Newberry (1870, p. 16)
recognized a correlation of the white saccharoidal sand-
stone, not more than 20 feet thick in the northwestern
part of Ohio, with the Oriskany sandstone, lowest member
of the Devonian in New York. In 1888, Orton (1888, pp. 18-
20), then State Geologist of Ohio, considered the Sylvania
sandstone an Upper Silurian sandstone, correlated it with
the sand deposits of Monroe County, Michigan, but named it
after its exposure near Sylvania, Ohio. A. W. Grabau
(1907, p. 832), on the basis of field work in Michigan
with Scherzer on the Sylvania and Upper Monroe, presented

evidences of the eolian origin of the Sylvania sandstone
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and included it as part of the Monroe formation. This
formation (Lane, Prosser, .Sherzer,. and Grabau, 1908,

Pp. 553-556) was divided into the Lower Monroe, represented
by the Bass Island series; the Middle Monroe, represented
by the Sylvania sandstone; and the Upper Monroe, represen-
ted by the Detroit River series. The age of the Monroe
formation was given as Silurian (Sherzer and Grabau, 1908,
Pp. 540-553). They also postulated a northwestern and
eolian origin for the Sylvania sandstone which possessed
such purity and rounding it was considered to "out-Sahara
the Sahara." 1In 1927, J. E. Carman (1927, pp. 481-506)
concluded on the basis of geographical distribution of the
members, stratigraphical relations, and faunas, that the
Upper and Middle Monroe were of Lower Devonian age. Carman
(1927, p. 506) further stated that the Sylvania is strati-
graphically and faunally so closely related to the over-
lying Detroit River formation that both must be included

in the same age.

S. W. Alty (1932, pp. 289-300) studied the heavy
mineral content of the Sylvania rocks from Michigan oil
wells and found that the heavy minerals seemed to decrease
from southeast to northwest. Carman (19%6, pp. 253-266)
studying the Sylvania sandstone of northwestern Ohio
postulated that the Sylvania represents the basal member
of the Detroit River dolomite in a transgressive overlap

by the Sylvania sea toward the southeast. He thus questioned



the eolian origin of the Sylvania as proposed by Grabau
and Sherzer giving evidence for marine deposition of the
Sylvania.

R. L. Enyert (1949) on the basis of sedimentary
analysis of outcrop samples, subsurface wéll samples, and
well logs concluded that the Sylvania sandstone is the
product of a wind-transported, water reworked sand probably
deposited in a marine environment. The St. Peter sandstone,
of Lower Ordovician age, in the Wisconsin Highlands to the
'northwest was considered to be the chief source of the
Sylvania sandstone. Landes (1951) placed this sandstone
within the Detroit River Group, and considered it to be a
member of the Amherstburg formation because of the general
transition between the sandstone and.the overlying lime-
stone or dolomite of the Amherstburg at the outcrop and in
well samples. Landes further considered the sand of the
Sylvania as having accumulated by current action like modern
beach and barrier sands. R. C. Wild (1958) also showed the
Sylvania sandstone to be marine in origin with waves and
currents selectively distributing, reworking, and sorting
the sand, but whose major source area was to the southeast

of lower Michigan.



TECTONIC FRAMEWORK OF THE MICHIGAN BASIN

Regional Structures

The Michigan Basin is a slightly irregular circular
structural depression, regarded as the type example of an
autogeosyncline (Kay, 1951) or an intracratonic basin.
Its center is located near the central part of southern
Michigan and contains approximately 14,000 feet of Paleo-
zoic rocks overlying Precambrian igneous and metamorphic
units. The Basin's flanks are essentially located in
eastern Wisconsin, northeastern Illinois, northern Indiana,
northwestern Ohio, southwestern Ontario, and northern
Michigan. Several arches border the Basin including the
Algonquin Arch to the northeast, the Findlay Arch to the
east and southeast, the Wisconsin Arch to the west, the
Kankakee Arch to the southwest, and the Cincinnati Arch
to the south (Figure 2). Prior to Sylvania deposition, a
sag developed in the Findlay Arch (Chatham Sag) which
persisted during Sylvania time. The deepest portion of
the Chatham Sag was near the Lake St. Clair region of
Michigan and Ontario. To the west, in central Wisconsin,
a positive feature referred to as the Wisconsin dome was
uplifted following the deposition of Silurian beds in
Michigan. To the north, northeast, and east are exposed

Precambrian rocks of the North American Shield whose three

6
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provinces meet under the Michigan Basin and comprise the

basement rocks (Stonehouse, 1969).
Intrabasinal Structures

The structure contour map (Figure 3), based on the
top of the Sylvania sandstone, illustrates that the Basin
has a symmetrical oval shape with a slight northwest-
southeast elongation and many structural features follow
this major trend. The deepest part of this pre-Mississippian
Basin is in Clare, Gladwin and Midland Counties. The
regional dip into the center averages 30 to 35 feet (9 to
11 meters) per mile (1.6 Kilometers) with minor structural
variations. Contours show a relief of about 5000 feet
(1,500 meters).

The largest feature shown on the structural contour
map is the Howell anticline, a northwestward plunging fold
trending through Livingston and Monroe Counties of south-
eastern Michigan. It is an asymmetrical anticline with
the steeper dips on the southwestern flank. Structural
relief on the Howell anticline is about 1000 feet (300
meters). Three minor southward trending synclines are

discernible in Lapeer, Lenawee, and Barry Counties.
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GENERAL STRATIGRAPHY

The Sylvania, of Lower Middle Devonian age, is usually
a sandstone, but beds of dolomitic or limy sandstone and
sandy dolomite or limestone may be present. It occurs
throughout most of lower Michigan, northern Indiana, north-
western Ohio, and eastern Ontario. The Sylvania sandstone
extending throughout the Southern Peninsula of Michigan
generally unconformably overlies either the Bass Island
rocks of Upper Silurian age, or the Bois Blanc formation
of Lower Onondaga age (Figure 5). In addition, according
to descriptive logs there are a few well locations in
south and southwestern Michigan where the Sylvania may
also overlie the Salina of Upper Silurian age, or the
Garden Island of Lower Oriskany age. Erratic distribution
of the Garden Island and Salina as underlying formations
is probably due to differential emergent erosion rather
than nondeposition. The isopach map (Figure 11) seems to
indicate a low lying shelf in this area during Sylvania
time. Chert is present in some wells throughoﬁt the
Sylvania's vertical extent but generally is restricted to
the basal beds as a representation of reworked cherty units
of the underlying Bois Blanc formation. It is the presence
of this basal chert that offers a more identifiable contact

than exhibited by the overlying carbonate section.

10
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The Sylvania sandstone, where present, is strati-
graphically closely related to the overlying Detroit River
formation and in most places grades upward into the car-
bonate rocks without a sharp break as observed in the sub-
surface and at the outcrop. It will typically change into
a dolomitic or limy sandstone, then into arenaceous lime-
stone or dolomite, then a dolomite or limestone, not as a
uniformly gradual change but with alternating layers of
more sandy and less sandy material in a general upward
decrease of the sand content. In one area only (Hillsdale
County of southern Michigan), where the Lucas formation
rests conformably on the Sylvania sandstone (Landes, 1951),
it is not overlain by carbonate rocks of the Amherstburg.

The Sylvania sandstone crops out in quarries of
Monroe and Wayne Counties in southeastern Michigan, and
Lucas County in northwestern Ohio, and represents the
oldest exposed formation of the Devonian System. The out-
crop area varies in width from one to two miles at the
northernmost exposure in Wayne County, to less than 200
yards at the southernmost exposure at the Maumee River in
Lucas County. The sandstone beds dip toward the center of
the Michigan Basin with a maximum depth of 4,400 feet
below sea level occurring in Clare and Midland Counties.

In the subsurface, evidence of the Sylvania sandstone
can be found throughout most of lower Michigan but it pre-
dominantly occupies a linear trough trending northwest-

southeast with a maximum depth of at least 410 feet,
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partially eroded during pre-Sylvania time in the under-
lying Bass Island and Bois Blanc rocks. As indicated by
the sand percentage map (Figure 12), this linear pattern
extends from southeast Michigan into the northern half of
the lower Peninsula where it terminates in Missaukee
County. The sandstone thins from this area and grades
laterally into the surrounding carbonates. Figure 5

shows the areal distribution of the Sylvania sandstone and

its relationship to the underlying beds.
Pre-Sylvania Geologic History

The pertinent history of the Sylvania sandstone
begins with Bass Island time. When the Bass Island sea
withdrew, the area was covered with the youngest sedi-
mentary rocks of the Bass Island dolomite. These late
Silurian deposits were wide spread. During the period of
emergence prior to the encroachment of the earliest
Devonian sea there was some erosion that removed sediments
of the Bass Island either completely or in part. Therefore,
in isolated areas the underlying uppermost Salina Group
was exposed. By the time the earliest Devonian sea spread
over the area that is now the Southern Peninsula of Michigan
the topography was moderately rolling and the rocks of
different ages were exhibited from place to place. The
earliest Devonian sea, Oriskany, deposited the Garden
- Island formation. Emergence occurred later and erosion

removed the Garden Island formation everywhere in Michigan
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except for patches on Garden Island and elsewhere on the
northern flank of the Basin in addition to those areas
shown in southwestern Michigan on Figure 5. The post-
Oriskany emergence and erosion interval was followed by
widespread inundation by the Onondage sea. In Michigan,
the Bois Blanc was deposited on the floor of this sea,
covering both remnants of the Garden Island formation and
the twice-eroded Bass Island Group. The withdrawal of the
Onondaga sea from this area subsequently produced erosion
of such magnitude that the Bois Blanc formation was
completely removed from the flanks of the Kankakee and
Findlay arches (Landes, 1951).

The areal geology at the time of the inundation by
the Sylvania age sea is shown on the pre-Sylvania geologic
map (Figure 5). The limit of the Bois Blanc formation
and the locations of the Bass Island, Garden Island, and
Salina formations vary in position from place to place
owing to pre-Sylvania structural and erosional variability.
This moderately rolling subsurface thus accounts for the
differential thicknesses exhibited by the Sylvania sand-
stone isopach map (Figure 12). A downwarp and erosional
surface along a northwest-southeast axis from central
Michigan across southeastern Michigan into northern Ohio
permitted the entrance of marine waters through the Chatham
Sag which marked the beginning of Sylvania time. It was
during this period that the Sylvania sandstone began deposi-

tion throughout most of lower Michigan.
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METHOD OF INVESTIGATION

Information for analysis was acquired by examination
of well cuttings, gamma ray-neutron logs, and printed
driller-geologist logs supplied by the Michigan Geological
Survey. Subsurface samples from wells drilled in search
of o0il and gas in Michigan were of great assistance in
determining the lithology, thickness, and areal extent of
this Lower Middle Devonian sandstone. Well cuttings (rotary
and cable tool) were obtained from the Michigan State
University Department of Geology and the Michigan Geological
Survey sample libraries. These samples are in trays
containing phials of sediment selected from the drilled
interval. Each phial consists of five to eight grams of
cuttings representing from five to twenty foot drilling
intervals. The samples are well washed and therefore
contain few clay materials. Regional lithofacies variations
were determined after examination of eighty wells that were
selected throughout the State on a limiting basis of one
well per section. Since most of the oil and gas produced
in Michigan has been from formations above the Sylvania
(excepting the Ordovician producers as from the Albion-
Scipio Trend), few wells have penetrated into or through
this rock unit. Because of this limiting factor the
writer has found the major concentration of wells occurs

in the southern half of lower Michigan, thus resulting in

16
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somewhat poor geologic control in the North. ZEvery
available northern Sylvania sample interval was used in
this investigation.

Examination of well cuttings was achieved through the
use of a reflected light binocular microscope with a
magnification range between 7X and 40X. A Micrometer
Occular was used to determine quartz grain size frequencies
and the percentages of sample constituents. Where a mixed
lithology, as sandy dolomite, was encountered, the per-
centages of sand and dolomite for the sample interval were
estimated and placed within their respective grade size
categories. By totaling the percentage of each rock type
from individual phials and dividing by the total number
of phials for each well sampled, an average was computed
for the amount of rock constituents. From this data,
percentage maps showing major lithologies from the Sylvania
were constructed. Quartz properties examined included
color, grain size, shape, degree of sorting, type of
cementation, and presence of frosting or pitting. For
carbonate facies, semi-quantitative acid analyses (Colorado
School of Mines Technique) were used for lithologic
determinations. By this method samples were tested using
cold hydrochloric acid, diluted with distilled water, at a
water to acid ratio of 7:1. The lithology of the intervals
for each well was recorded with conclusions based largely

on these data. Sylvania tops indicated in the descriptive
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logs were previously established by the Michigan Geological
Survey but were modified as deemed necessary from sample
analyses.

Regional isopach and structure contour maps were
constructed employing about one hundred control wells from
a possible one hundred thirty-five. Where drill cuttings
were not available for key wells, gamma ray-neutron logs
were used to supplement the sample study. In addition,
tops picked by microscopic sample analyses were compared
to those appearing on the logs to achieve greater accuracy.
Gamma ray-neutron logs measure and record emanations from
strata traversed. All rocks contain small but measurable
amounts of gamma ray-emitting radioactive elements, and
in most cases a detectable increase or decrease of radio-
active intensity occurs at each formation boundary.
Identification of different rock types can be made where
a lithologic change occurs at the contact of two formations.
Upper and lower contacts were picked in accordance with
the manner adopted by the Geologic Survey. The top of the
Sylvania formation is usually picked as being higher in
deflections compared to the overlying carbonate section.

A black limestone marker bed, producing a distinctively

large outward kick, is usually located within eighty feet
above the Sylvania sandstone and may be used as a general
reference to orientation of the Sylvania top. The bottom

of the sandstone is usually identified by shorter deflec-

tions compared to the underlying carbonate section as
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exhibited by cross-sections (Figures 7 and 8). Cross-

sectional well locations are indicated by Figure 6.
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DETAILED STRATIGRAPHIC ANALYSIS

Lithology

The Sylvania sandstone has several distinctive proper-
ties which are present throughout its area of distribution
in the Lower Peninsula of Michigan. In outcrop, the
Sylvania is typically a massive, white, friable sandstone,
with variable amounts of dolomitic cement (Enyert, 1949).
Hatfield, Rohrbacker, and Floyd (1968) demonstrated a
northwestward inclination of_cross beds in northwestern
Ohio and southeastern Michigan corresponding to regional
dip and thickening into the Michigan Basin. Preferred
orientation of the long dimensions of the grains is also
in that direction.

Results of subsurface analyses show that the Sylvania
is commonly a clear, white or light gray pure quartz sand-
stone, but may be brown, orange or yellow due to iron
staining. Grains are often loosely cemented with dolomite,
silica, or calcite, although they are so friable that loose
grains are quite common. Samples show that the Sylvania
is very well sorted, with great variation both horizontally
and vertically in the maximum frequency of grain size.
Although there is marked change, the average medium diameter
appears to be slightly more than a quarter millimeter, but

any given well may contain a range of between one-sixteenth

23
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and one millimeter in diameter. Usually grains less than
one-eighth or greater than three-fourths of a millimeter
will represent 20 percent or less of the sample, with
another 20 percent falling between one-eighth and one-
fourth millimeter grain size. There is a slight tendency
toward smaller quartz sizes downward stratigraphically.
Deviations toward larger grains occur in southeastern and
western Michigan where appreciable quantities of coarse
sandstone (up to one millimeter) may be found (Figure 9).
The Sylvania sandstone might have all gradations from
a sandstone, through dolomitic sandstone and arenaceous
dolomite to dolomite; or from a sandstone, through limy
sandstone and arenaceous limestone to limestone. Figure 10
shows the sandstone occurring with limestone in northern
and eastern Michigan but with dolomite in western and
southern Michigan. There is a general decrease upward of
sand percentages. A correlation is noted between the
percentage of carbonate and the size of the sand grains in
some wells. Generally the higher the percentage of car-
bonates the smaller the clastic grain size. This is
particularly observable in northwestern Michigan, around
Kalkaska County, where limestone approaches an average
of 97 percent and silt grains of approximately one-fortieth
of a millimeter occur (Figure 9). This is normal if it is
assumed that clastic grain size percentage, and proportions
of magnesium salts decrease away from a postulated south-

eastern source.
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Many of the sand grains show secondary enlargement
with perfect crystal facets and sharp edges, giving the
sand a fresh sparkling appearance. These granules received
their secondary enlargement subsequent to deposition
probably from percolating water carrying silica in solution.
Evidence of this view is furnished by the lack of abrasion
on the faces and edges of the enlarged crystals.

The surfaces of the Sylvania grains without over-
growth do not show the vitreous luster of quartz fragments,
but under the microscope, are seen to be frosted or pitted.
This is a characteristic found today in desert or beach
sands which have been transported by the wind and/or in
dune phase at some time. Since all sand grains lacking
overgrowth are frosted, this may have been a result of
chemical etching by percolating waters, but the high
degree of rounding and sorting of the quartz is more
indicative of beach sands. Occasionally, perfectly rounded
grains are to be seen, especially amongst the coarser
fragments. The sand sizes of highest frequency and the
smaller grade sizes have a tendency toward greater angu-
larity than the coarser fragments. Angularity is mainly
a result of secondary enlargement rather than from a lack
of transporting distance or as a result of drilling
operations.

The Sylvania is a very pure quartz sandstone con-
taining only a few grains of other minerals, which are

located mostly in southeastern Michigan. Heavy minerals
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that do occur become more prominent toward the base of the
formation. The persistent minerals, in decreasing order
of importance, include chert, gypsum, anhydrite, pyrite,
tourmaline, hornblende, epidote, zircon and limonite.
Chert is present in some wells throughout the whole ver-
tical section, but generally it is restricted to the basal
beds. The lower units often contain a high percentage

(up to 35 percent) of weathered chert probably representing
the reworked cherty beds of the underlying Bois Blanc
formation. In southern Michigan chert persists throughout
the section as indicated by the chert percentage map
(Figure 15). S. W. Alty (1932, pp. 289-300) studied the
heavy mineral content in o0il well samples and found that
the heavy minerals seemed to decrease from southeast to
northwest.

Sylvania fossils exist predominantly in the grada-
tional limy sandstones and arenaceous limestones of eastern
lower Michigan. The fossils occurring in these transitional
beds, and even those near the base of the sandstone, are
the same as those in the overlying member of the Detroit
River formation and are not related to the fossils of the
underlying Bois Blanc and Bass Island formations (Carman,
1936). TFossils observed in this investigation include
pelcypod shells, crinoid stems, bryozoans, foraminifera,
ostracods, cephalopods-tentaculities, fossil corals, and

brachiopods.
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To attempt to establish typical limestone or dolomite
lithologic characteristics within the Sylvania sequence
would be unproductive. Individual sandstone beds cannot
be traced for any distance, except in a few areas where the
beds are traceable between two or three closely spaced
wells (Figures 7 and 8). Even within a single vertical
column (Table 1), a wide variation in limestone and dolo-
mite color, crystallinity and percentage relationships
with quartz is observable and it becomes difficult to

identify a classic Sylvania unit.
Contact Relationships

The Sylvania sandstone lies stratigraphically between
the Lower Middle Devonian Amherstburg formation of the
Detroit River Group above, and the lower Onondaga age Bois
Blanc formation or late Silurian Bass Island Group below
(Figures 1 and 4). Deviations from this regional pattern
occur in southwestern Michigan where thin units of the
Sylvania are overlain by the Lucas formation of the Detroit
River evaporite section and in a few isolated locations
where the sandstone may overlie the early Devonian Garden
Island formation or late Silurian Salina Group (Figure 5).
The sandstone is generally conformable with the overlying
carbonate or evaporite sequence, but unconformably overlies
either the Bass Island or Bois Blanc carbonates. Where
the Sylvania is absent along the northern flank of the

Michigan Basin, the Bois Blanc is overlain by the Amherstburg.
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TABLE 1

Sylvania Sandstone Lithologic Column

Unit

T4N-R8BE-22 Permit No. 13072

Detroit River-Amherstburg

Dolomite, calcitic, brown to gray, sucrosic,
medium grained, 90 percent; limestone, dark
to light brown, aphanitic, fine grained, soft,
10 percent; trace of sandstone, frosted, sub-
rounded, 1/2 mm.
3480-34908

Upper Contact-Sylvania

Dolomite, calcitic, dark brown to brown,
medium grained, 85 percent; limestone, white,
aphanitic, fine grained, 8 percent; sandstone,
white, frosted, subrounded to well rounded,
fairly well sorted, 1/2 mm - 1/4 mm, mostly
1/4 mm, 7 percent, a few aggregates contain
dolomite cement, a few grains approach spheri-
city; trace chert, white, porcelain; trace
gypsum, white, soft.
3499-3550

Dolomite, calcitic, light brown to gray,
medium sucrosic, 60 percent; limestone, gray
to white, fine sucrosic, fine grained, 15 per-
cent; sandstone, white, frosted, well rounded,
well sorted, 1/8 mm - 3/4 mm, mostly 1/4 mm,

23 percent; chert, white, porcelain, 3 percent.

3550-3590

Limestone, dolomitic, light gray to brown,
sucrosic, 55 percent; dolomite, calcitic,

tan to gray, finely crystalline, fine grained,
15 percent; sandstone, grayish white, clear,
subangular due to secondary enlargement,
poorly sorted, most 1/4 mm, 28 percent; chert,
white, weathered, traces of pyrite inclusions,

2 percent.
3590-3630
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TABLE 1 (Continued)

Unit

Diﬁfh

Limestone, dolomitic, brown to white, medium
sucrosic, 100 percent; trace chert, white;
fossil crinoid stems, bryozoans, brachiopod
fragments.

3630-3660

Limestone, dolomitic, brown to white, medium
sucrosic, fine grained, 50 percent; sandstone,
clear, subrounded to subangular, secondary
enlargement, moderate sorting, mostly 1/2 mm,
50 percent; trace chert.

3660-3690

Sandstone, clear, subrounded to subangular,
moderate sorting, 1/4 - 1/2 mm, mostly 1/4

mm, 99 percent; limestone, dolomitic, brown
to white, sucrosic, 1 percent; trace chert,
white.

3690-3770

Limestone, dolomitic, gray to light brown,
fine sucrosic, 44 percent; dolomite, cal-
citic, tan to gray, dense, 32 percent;
sandstone, white, frosted, moderately
sorted, well rounded, 1/4 mm - 1 mm, mostly
1/2 mm, 20 percent; chert, milky white,
porcelain to weathered, a few dolomite

rhom inclusions, 4 percent; trace shale.

37770-3795

Bois Blanc-Contact

Dolomite, calcitic, light brown to light
gray, very finely crystalline, some pore
filling gypsum crystals, 50 percent; lime-
stone, dolomitic, light gray, medium
sucrosic, 6 percent; chert, white, all
weathered, dolomite rhom inclusions, 44 per-

cent; trace pyrite.
3795-3810
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One of the chief problems in the Sylvania section is
its relationship with the Detroit River sequence. The
contact of the Sylvania sandstone with the overlying
dolomite and limestone is difficult to determine, because
few lithologic changes and some sandy beds are present in
the basal part of the overlying carbonate rocks. Because
the contact is gradational, the carbonate rocks are con-
sidered to be conformable with the Sylvania and, therefore,
the Sylvania is included in the carbonate sequence of the
Detroit River Group.

The basal Amherstburg is primarily composed of lime-
stone with lesser amounts of dolomite in the northern and
eastern parts of the Southern Peninsula of Michigan. It
becomes a dolomite in the western and southern parts of
the lower peninsula with the exception of the southwestern
corner where the Detroit River evaporite section directly
overlies the Sylvania. The characteristic feature of the
basal Amherstburg carbonate rocks is a relatively darker
color in contrast to the somewhat lighter colored under-
lying arenaceous Sylvania carbonates. Many geologists
have referred to the Amherstburg as the "Black Lime"
because of its dark color. This peppered dark brown
appearance was only observed in the basal units of the
northern lower peninsula. Upper contacts were chosen on
the basis of slight color changes and significant dif-
ferences in quartz percentages with the exception of

southwestern Michigan where the light colored dolomites
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offered little lithologic color change. In northern and
northwestern Michigan the uppermost Sylvania sandstone is
typically a light brown to brown, dense, arenaceous lime-
stone that grades into the overlying peppered dark brown,
finely sucrosic limestone of the Amherstburg. In eastern
Michigan the upper Sylvania is represented by a very
arenaceous limestone that is often dark gray or brown

to buff, dense, and may contain a trace of chert. This
normally grades upward into a slightly arenaceous lime-
stone that becomes dark brown to brown, aphanitic, with an
absence of chert. Chert is rarely present in the basal
beds of the Detroit River carbonate section. The upper
contact in central and southeastern Michigan shows two
types of lithologic breaks. There may be a sharp break
from a pure white sandstone unit into a calcitic dolomite
which is brown to buff and microcrystalline. Secondly,
there is a gradational change from a gray to buff, micro-
crystalline, arenaceous calcitic dolomite into a dark gray
to brown, dense, calcitic dolomite. Definite, easily
recognizable lithologic breaks between the Sylvania and
overlying Amherstburg only occur in the high sandstone
percentage zones of central and southeastern Michigan.
Southern Michigan shows a gradual change from a light gray
to white, dense, dolomite into a buff to medium-brown
dolomite. ‘'‘Because quartz grains are of small quantity in
southwestern and western Michigan, in addition to carbonate

units showing no lithologic differences, upper contacts
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are based upon a total absence of sand in the overlying
Detroit River carbonate section to the west or evaporite
sequence in the southwest. In southwestern Michigan, a
green sandy shale with interbedded gray dolomite represents
a facies of the Sylvania and in the western area it is
typically a brown to buff, dense, arenaceous dolomite.

At or near the top of the Detroit River carbonate
sequence is a black limestone or dolomite. The black
limestone has proved to be a reliable marker bed when
tracing the Sylvania sandstone from gamma ray-neutron logs.
According to Landes (1945, p. 68) this marker bed is
present throughout Michigan. The top of the "black
limestone" is 200 to 300 feet above the base of the Detroit
River carbonate section in eastern and northern Michigan,
and 20 to 100 feet above the base in western and southern
Michigan. In wells where the contact between the Sylvania
and the overlying carbonate bed cannot be readily determined,
the "black limestone" serves as a marker on gamma ray-
neutron logs from which the contact can be roughly estimated.

The lower contact of the Sylvania is easily determined
when the cherty section of the underlying Bois Blanc is
present. The Sylvania basal beds often contain white
weathered chert representing the reworked cherty units of
the underlying formation. Bois Blanc subsurface samples
show a substantial increase in the presence of chert com-
pared to the overlying sandstone units. The upper five

feet of the Bois Blanc is typically a gray sandy cherty
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dolomite. The sand residue is usually poorly sorted and
often subangular to angular in all size fractions.

In western Michigan, the underlying brown, buff and
gray dolomites are called Bois Blanc if chert is present,
or Bass Island if the carbonate is not cherty. Bois Blanc
and Bass Island carbonates, therefore, are differentiated
on the basis of chert content. The locations where Garden
Island or Salina are subjacent to the Sylvania were taken
from the Michigan Geological Survey descriptive logs, and
occur in small isolated patches to the south and southwest
of the Basin. The feather edge of the Bois Blanc formation
varies widely along its border due to local variations in
the depth of erosion (Figure 5). In these areas where the
Syvlvania sequence overlies Bass Island, Garden Island or
Salina rocks, the contact between the two is difficult to
distinguish in the subsurface since color changes are rare.
The break was chosen as the point where the sandstone

became absent below the Sylvania beds.
Distribution and Thickness

The Sylvania sandstone appears to be restricted to an
area north and west of the Findlay Arch. On the basis of
the isopach map (Figure 11) it can be seen that the sand-
stone thins southward in southeastern Michigan and the
zero thickness location does not extend far into northern
Ohio, indicating that the Findlay Arch probably formed the

southern shore of the Sylvania age sea. In the subsurface,
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the Sylvania sandstone is found throughout most of the
Southern Peninsula of Michigan with the exception of the
extreme northern and northeastern regions. The sandstone
is also found in northern Indiana, northwestern Ohio and
eastern Ontario, with outcrops occurring in southeastern
Michigan and northwestern Ohio. The outcrop area varies
in width from one to two miles at the northernmost ex-
posure in Wayne County, Michigan, to less than 200 yards
at the southernmost exposure at the Maumee River, Lucas
County, Ohio. The Sylvania sandstone dips toward the
center of the Michigan Basin from the outcrops at an
average rate of 30 to 35 feet (9 to 10 meters) per mile
(1.6 Kilometers) and in Clare, Midland, and Gladwin
Counties the structure contour map (Figure 3) shows a
depth of about 4,400 feet (1,320 meters) below sea level
and a structural relief of approximately 5,000 feet
(1,500 meters).

The isopach map shows a shallow linear trough lying
in a northwest-southeast axis extending from northwestern
through southeastern Michigan toward northern Ohio. Most
of the Sylvania sandstone accumulated in this "trough."
Thickness lines indicate that very little of the sand-
stone has been eroded in the outcrop area. Within this
large linear basin the isopach map (Figure 11) shows
maximum thicknesses occurring in Sanilac County to the
east, Clare County in the central area, and Livingston

Countv to the southeast. Each of these counties represents
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a thickness of 410, 328¢%, and 336 feet, respectively,
reflecting greater subsidence along the "trough" into the
Bois Blanc. Apparently, in post Bois Blanc time there was
a northwestward trending basinal subsidence allowing an
epicontinental sea to enter and deposit the sandstone.
This is compatible with Cohee and Landes (1958, p. 490)
who point out that one of the principal times of down-
warping in the Michigan Basin took place during Sylvania
time with incipient folding occurring intermittently
throughout the Paleozoic.

Gardner (1974) points out that his Sylvania isopach
shows parallelism to the Bouguer gravity and magnetic
anomaly maps of Kinze and Merritt (1969) suggesting a
pre-existing basement control of sedimentation. If this
were the case the Sylvania "trough" would be a delayed
isostatic sinking due to the added mass of Keweenawan mafic
rocks incorporated into the basement complex during pre-
Cambrian time. Depocenters of most pre-Mississippian
isopach maps also show a general northwest-southeast
orientation; however, they are offset eastward toward the
Saginaw Bay area. This would indicate a very indirect
effect to the Mid Michigan high, but along with sediment
loading by sandstone deposition it cannot be excluded as a
plausible explanation for downwarp movement of the Sylvania
"trough."

To the north and east of the sandstone depocenter, the

Svlvania thins rapidly from 300 to 400 feet to zero in
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Charlevoix, Ogemaw and Huron Counties. The southern thick-
ness is more gradual as thinning continues into northwestern
Ohio. To the west the sandstone decreases to 50 feet in
Clinton County and continues in a thickening and thinning
pattern throughout all of western and southwestern Michigan.
Within this area are several isopach highs and an isopach
low, generally trending in northwest to southeast and north-
east to southwest directions. Structural patterns in the
Michigan Basin often show these alignments denoting possible
zones of weakness in the basement along which folding or
sinking has taken place. Therefore, isopach thicknesses
are mainly a result of partial subsidence with perhaps
prior erosion occurring on the pre-Sylvania surface, and
thins appear to have been structurally controlled by sub-
surface folding.

The isopach would imply that the trough has a relief
of 300 feet throughout its northwest-southeast lineation
with a central diameter of approximately 55 miles broadening
to over 70 miles to the northwest and southeast. The south-
eastern area develops a tributary-type pattern with ex-
tensions to the east and south. Such an outline might be
attributed to entrenchment of the subsiding trough by the
encroaching Sylvania age sea. Since the southeastern
tributary extension occurs over the present day Howell
Anticline, this would imply the absence of that structure,
and activity shaping its development must have been in

post-Sylvania time. Kilbourne (1947), in his study on the
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origin and history of the Howell Anticline, pointed out
there had been a local trough in this area throughout the
early and middle Paleozoic. He further assumes sediments
collected in this trough until the beginning of Coldwater
time as all formations thin out in a southwesterly direction,
as the isopachs imply.

The lithologic cross sections (Figures 7 and 8) show
that although upper and lower contacts of the Sylvania
sandstone can be located throughout the lateral extent of
the Michigan subsurface, individual sandstone lenes are not
easily traceable and do not extend laterally for any

appreciable distance except between closely spaced wells.
Mineral Variation Maps

Facies changes represent lateral variations in a rock
unit. One of the most effective ways of portraying variation
is by the use of percentage maps. Subsurface sample analy-
sis indicates that there is a close relationship between
the carbonate and quartz grain content (Figures 12 and 13).
The percentage maps are identical in pattern, but directly
opposite in numerical values, implying an inverse relation-
ship throughout the Sylvania areal extent. The most notice-
able feature is the gradual decrease of quartz and increase
of carbonate northwestward, with changes more quickly in
all other directions.

The clastic percentage map also shows considerable

parallelism with the isopach map (Figure 11). Where the



0
gupE
\ s
Y
e Y E9 .
° (| cHaRY EV
- <
i 83 i
AN o
Frary 8 =
R Y o
: - L KALKA
Q BENZIE ry VR3S {
. L. L_.]'_. .ﬂ-_.-!_ o .
| |
! j
~ [%nm §TEE | WEXFORT \UR
X [‘_ _.l..J-L_- 4 & g 7
' U U Py e
Q i 1 " —: : 4 A ’:—71
\ o e o I S cEoL AR s “u——;;—"
| v T
~ -r—-1 R - - — b - s b 1L
5] . y : \\ 1
{ocunl | ! c<|u IBHELLAN MiBLAKDL ! M "
I NEWRAY | 4 et
\ } l ‘ T F 5 ) H AP Wy Sy
! | \' g .r—’ 41 : I JsagiLpe
T ""I X E 1 = T 1
\ i_ 1 ¥ \ W a{NA s
pMUSK ¢¢;r ,_ “T | RAJIO 10 3 W
2N \ | . " 3 ¥
x 11 AN-AN 4T NG
i3 KENT ok | A
< \drdava .L i oN L) et |
|
)
| D s e 19—
3 X
[ MORANEILL !. EATO l_.._ - i
| | | % .
t i T in \ LAKE
Al sl olelelzTen by .!.H.LL.' $7. cLAIR
18
] ! ' i
ned | aududzoo | eauby !.ncs on L
| i | 3 CANADA.,
AL 1o DU T fegin i L oS
] t 5 1 R, - = Ty
gan{an; |cass ln:u | |enpug L LAKE ERIE
1 i l 4 =
- L Lo = I‘ l‘
FIGURE 12. Sandstone Percentage 0_8 _12_i8miles
Map 10 percent Interval

ﬁ-ﬁﬁ




Q9
™
\
A
" —fat <
CHARY EV
g -+ g
% P
et{ ? / AINTRI g
LANAY J 2
| * (g l;"- o
-t - PYAT e
A -2 JKALKAY
) { 218 .!r AVERS !
00 0 T L T LIS
(8 { 5
S TEE W!’YF]GIH 3YAUR
' L
3 '-J -.!r.._l -J,. £ “ x
o i ! _/@:
MASAN A c B (T
! urjo X
. )--m—@--~ A £y
I { N S S S
Y CEANA ! S 5 c u. .
Lo = .—.—l | - !- . ! S A T
° | —-1—1—'4"
ML NEA'Y
. b NUsK eor, | i ! % A
T R _! "
< NN RO
‘ A ! % L _'k < .. . __' -
® N T 3 T e
J ° x
(LEodn [0 | | s4nny !o chrop | h\CLT .
i X | - s
19 wilual 13l szl e !.,.l.'l[\.a.:l .‘-{LL 1w -!,- L2 g3 v ; :';.‘::AM
N £ i ALAMAZ 1' | cALM u:r i' NI AL
.l | W i. \ 3 CANADA.
/ ! ._.?: b —t - l-—;—- . - —4 o Y N
A T N deat) W
AV ANy lcAss [sT{smpedn | |onpndNGNgLLPO 3 LAKE ERIE
£ v ; | o 1
/41.- - e b ode ol l.
FIGURE 13. Carbonate Percentage =
Map 10 percent Interval
‘mrr s

—ﬁ




43

unit is thicker, higher percentages of sand are found.
Departure from this general relationship is observed only
in southeastern Michigan where sand percentages are greater
with decreasing thicknesses, inferring the proximity of a
sedimentary source to the southeast. The carbonate per-
centage map shows that carbonate content decreases where
the formation is thicker and with an increase in sand
content. At various times, the carbonates were deposited
simultaneously with the Sylvania sands under marine
conditions.

The most fundamental lithologic indicator is the
clastic ratio, which is obtained by dividing all clastics
by non-clastics within the desired well interval. Since
sandstone and carbonates dominate the vertical extent of
the Sylvania unit, these rocks would be expected to pro-
duce a clastic ratio map (Figure 14) similar in outline to
the percentage maps of each. The ratio map shows that
clastics are concentrated in southeastern Michigan and
decrease quite rapidly in all directions except northwestward.

The chert percentage map (Figure 15) reveals a general
decrease of chert in all directions away from the highest
values recorded in Ingham, Eaton and Jackson Counties. Only
traces of chert are found elsewhere in Michigan. ILandes
(1951) concluded that most of the chert in the Sylvania
was probably derived from the underlying cherty Bois Blanc

formation. The high chert concentration does not coincide
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with underlying areas of maximum Bois Blanc erosion
(Figure 5). However, residual chert from the southwest
and west where the Bois Blanc was completely removed as an
underlying formation may have been carried eastward by
stream and/or wind activity and incorporated into the
Sylvania stratigraphic units. In addition, there may have
been secondary silicious processes operating in chert pro-
duction as would be indicated by the presence of quartz
secondary enlargement. In view of the fact that most of
the chert was of a weathered milky white appearance it
would more likely be residual in nature. Chert concentra-
tions also occur in an area of high carbonate percentage
(Figure 13%) with a similar distribution pattern, as well
as an area relatively near the Sylvania Shore.

In the evaporite percentage analysis (Figure 16),
wells investigated show relatively high evaporite values
(greater than 2 percent) located to the east and southwest.
This would seem to indicate these near-margin areas were
sufficiently restricted to prove favorable for evaporite
deposition. Jodry (1954) noted lagoonal conditions around
the southwest Michigan area in the Traverse Group. He
suggested lagoonal control based on the coincidence of the
"West Michigan barrier" and the high regional gravity map
of the area after Logue (1954). Runyon (1976) and Newhart
(1976) produced dolomite percentage maps showing increases
of magnesium toward the west from the postulated barrier

during Traverse and Ordovician times, respectively. This
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would seem to indicate the presence of the Wisconsin Arch
during Sylvania time which added to the restrictive envi-
ronment in southwestern Michigan. The area to the east is
not easily explainable and because of a strong probability
that rotary wells provided contamination from the over-
lyving Detroit River evaporite section (Figures 1 and 4) and
because the percentages involved are much smaller, the
writer is reluctant to draw conclusions.

Because of rotary well contamination a shale percen-
tage map would not have been reliable (shale percentages
were under 4 percent) and, therefore, has been excluded
from this investigation. But, Wild (1958) found the
largest percentages of shale occurring in Ingham County, a

general area of nearly maximum carbonate content (Figure 13).



ENVIRONMENTAL INTERPRETATION

Origin of Sediments

The origin of the Lower Middle Devonian Sylvania sand-
stone presents a problem which may be explored by an
investigation of the sedimentary and lithologic character-
istics, the areal distribution and thickness and the
paleogeography at the time of deposition. From the writer's
data it is apparent that the Sylvania may have been deposited
in a near shore shallow carbonate producing marine environ-
ment migrating northwestward from the Chatham Sag and
southeastern Michigan.

Indications for a southeastern source are exhibited
by the following: (1) seven wells located in eastern and
southeastern Michigan contain appreciable quantities of
coarse quartz grains (up to 1 mm) within some units of the
Sylvania sequence (Figure 9), indicating a closeness to
source since large size grains do not occur elsewhere in
Michigan, with the exception of wells located to the
extreme northwest and west; (2) three wells located in and
near Kalkaska County contain only silt size quartz (1/40 mm)
exhibiting a lateral gradation of large to finer grains
from southeast to northwest and away from the westerly
source area; (3) the clastic ratio map (Figure 14) shows

the highest clastic concentration occurring in southeastern

49
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Michigan, which would be expected since more clastic
material tends to be deposited closer to source; and (4)
heavy mineral content decreases from the southeast toward
the center of Michigan. This evidence is supported by
Hatfield's (1969) observations regarding crossbedding with
a northwestward inclination in the Sylvania in northwestern
Ohio and southeastern Michigan, with preferred orientation
of the long dimensions of grains also in that direction.

Some of the Sylvania sand may also have been trans-
ported bv prevailing westerly winds and/or running water
from a northwestern or western direction as indicated by
the following evidence: (1) there are five wells located
in western and northwestern Michigan which contain coarse
quartz grains (up to 1 mm) indicating a closeness to
source (Figure 9); and (2) these coarse grains are better
rounded and sorted than those located in eastern and south-
eastern Michigan which might be resultant of a more per-
sistent abrasion in beach phase but could conceivably
imply reworking of older sandstone exposed in the Wisconsin
Highland region. Paleogeographic maps suggest an arid
climate in the area during Lower Devonian time so prevailing
Westerlies and/or streams could easily have picked up this
sand and redeposited it in the Michigan Basin.

There exist two possibilities as to the origin of
these southeastern derived sediments. First, Chung (1973)
in his study on the Coldwater Formation and Asseez (1969)

in his analvsis of the Bedford-Berea sequence indicate the
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presence of a rising eastern landmass during those periods.
Chung (1973) created a paleogeographic map which depicts
this as a low lying peninsula in the Findlay Arch area.

In addition, in comparing isopach maps of the Bois Blanc
and Sylvania formations produced by Brigham (1971) it can
be seen that the zero thickness line closes in toward
southeastern Michigan from western Ontario during Sylvania
time. This would imply the existence of this low lying
emergent area during Sylvania deposition. Second, the
Canadian Shield to the northeast was exposed during Sylvania
time and may have contributed sediments brought down by
fluvial processes or beach transport along the Algonquin

Arch.
Sedimentary and Geologic History

The pertinent sedimentary and geologic history of the
Sylvania sandstone begins with the withdrawal of the Bois
Blanc sea from the Michigan Basin. During the regression
erosion completely removed the Bois Blanc formation from
southwestern Michigan as well as from the flanks of the
Kankakee and Findlay Arches. Closing this interval, sub-
sidence of a northwest-southeast trending Sylvania "trough"
occurred on the eroded Bois Blanc surface permitting en-
trance of marine waters through the Chatham Sag of the
Findlay Arch. Sylvania sandstone deposition began through-
out most of lower Michigan sometimesconcurrently with

carbonates. The sand may have been carried to the
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encroaching Sylvania sea by three delivery systems: (1)
quartz grains mavy have been brought down from the eroding
Canadian Shield area to the northeast by a fluvial or

beach current transport system paralleling the Algonquin
Arch; (2) the grains may have been eroded off a postulated
low lying peripheral landmass surrounding the Findlay Arch
area; and (3) wind and/or stream activity from the Wisconsin
Highlands to the northwest may have carried sand from older
eroding exposed sandstone into the Basin.

Typical characteristics of the sand grains are their
exceptionally well rounded appearance, the uniformity of
size, and extreme purity, the frosting and the high degree
of sorting. These attributes all point to a long continued
wind and wave abrasion probably in a shallow coastal
environment. These qualities were developed in a beach
phase while being transported downward along the Algonquin
Arch and/or were created by the northwestward trending
currents carrying sands into a persistently transgressive
shore line zone where waves and possibly wind actively
reworked and redeposited the sediments.

With further transgression of the Sylvania sea came
additional carbonate accumulations (Figure 10). The
Wisconsin, Kankakee and Findlay Arches and the "West
Michigan Barrier" probably restricted the shallow marine
environment in the western and southern areas of Michigan
for dolomite deposition to predominate in the arid climate

postulated. To the north and northeast a deeper sea and
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lower salinity environment produced fossiliferous limestone
deposition. The 7ero thickness line located to the north-
east on the isopach map (Figure 11) either indicates the
Sylvania shoreline was here during this period or was
further back and the limestone subsequently eroded. The
zero thickness to the south would be indicative of the
transgressing sea being limited southward by the Findlay
Arch.

Following Sylvania sandstone deposition, the Basin
probably subsided allowing the sea to transgress farther
leaving a thick carbonate layer of the (Amherstberg)
Detroit River Group. As the carbonate depositing marine
waters spread over the Michigan Basin, the upper Sylvania
sands were reworked and in most cases incorporated into
the basal units of the overlying limestone and dolomite,
resulting in a gradational upper Sylvania contact. The
contact relations between the Sylvania sands and fossili-
ferous Amherstburg carbonates above and to Bois Blanc
cherty carbonates below may be readily seen on the litholo-
gic cross-section§ (Figures 7 and 8). These provide an
excellent example of the obvious predominate marine deposi-
tional environment of the sandstone and demonstrate inter-

bedding with limestone and dolomite.



ECONOMIC CONSIDERATIONS

The purity of the Sylvania and superiority as glass
sand has been recognized since the early reports of Houghton
(1838, p. 7). It is the only glass sand produced from
quarries in Michigan. Because of its extreme purity,
averaging only 0.015 percent iron oxide, all sand used by
the U.S. Govefnment for optical purposes during the first
World War (Martin, 1920, p. 172) was from Michigan. The
Svlvania sandstone has also been discussed by Sherzer (1911,
p. 256) as a source of water in and adjacent to the out-
crop area in southeastern Wawvne and northern Monroe
Counties, Michigan.

The oil and gas fields presently discovered and
produced commercially from the Detroit River Group are anti-
clinal accumulations within dolomites of the Lucas formation.
The Sylvania sandstone member has yielded good showings
of 0il in several wells (Landes, 1945) but no production
as yet. However, most wells penetrating the Sylvania sand-
stone have been off structure within the central area of
the Basin. It would be reasonable to assume that many
new fields in the Detroit River Group will be discovered
by exploring the Detroit River sequence of rock from top
to bottom, including the basal Sylvania sandstone, on
anticlines, stratigraphic traps, due to porosity pinch
outs in the dolomite 2zone, and also due to sand lenticu-
larity are additional possibilities.
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SUMMARY AND CONCLUSIONS

The Sylvania rests disconformably upon the eroded

surface of the Bass Island and Bois Blanc formations.

It is concluded that there may have been three source
areas for the Sylvania sandstone: first, the exposed
Canadian Shield area to the northeast could have con-
tributed sediments brought down into the Chatham Sag
area by fluvial processes or beach transpost along the
Algonquin Arch; second, erosion of a postulated low
lying peripheral landmass around the Findlay Arch area
may have deposited material into the encroaching sea;
third, there is some minor evidence that the St. Peter
sandstone from the Wisconsin Highland region to the
northwest was carried into Michigan by prevailing

westerlies and/or streams.

The lithologic percentage maps, clastic ratio map,

isopach map and distribution of coarse and silt size
grains map can be interpreted as evidence that sand
carrying encroaching marine waters were coming into

Michigan from the southeast.

Northwestward trending currents of these transgressive
marine waters, which came through the Chatham Sag of

the Findlay Arch, were an influential force governing
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the distribution and deposition of the Sylvania sand-

stone in Michigan.

The marine phase probably resulted in transportation
to a shallow coastal environment along the Sylvania
Shoreline where wind, wave and current activity
reworked, redistributed and continuously redeposited
the sandstone, predominately along with carbonates

of the sea.

Most of the Sylvania sandstone was deposited in a
southeast-northwest trending trough with sand percen-
tage decreasing and carbonate percentage increasing in
all directions away from this linear depression except

southeastward.

The water-laid phase of the Sylvania grades conformably
into the overlying Detroit River carbonates, which in

this region is of Amherstburg age.
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