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INTRODUCTION

The following report on the geology of Allegan County is
not complete. It represents a compilation of data and is
intended as an aid in the study of the geology, and in the
development of the resources, particularly of oil and gas,
of this area. Data have been collected from the field and
from a study of well samples and insoluble residues.
Structure maps made on data available in July 1938
represent the writer's interpretation and should be
regarded as tentative and subject to change as later

data become available from more extensive drilling and
testing.

! Assistant Geologist, Michigan Department of Conservation,
Geological Survey Division.

GENERAL GEOLOGY

Size and Location of County

Allegan County, Michigan, borders the eastern coast of
Lake Michigan, about 50 miles north of the Michigan-
Indiana state line. The county comprises 24- townships
of 864 square miles, and is 36 miles long east and west
and 24 miles wide north and south. The south line is
about 125 miles northeast of Chicago; the north line 15
miles south of Grand Rapids.

The county is served by three railroads; two branches of
the Pere Marquette from Holland to Grand Junction arid
Allegan in the west, and the New York Central from
Allegan, Hopkins, and Dorr to Grand Rapids, and the
Pennsylvania from Plainwell, through Wayland to Grand
Rapids in the east.

The roads in Allegan County are almost uniformly good.
U.S. 31 along the west coast and U.S. 131 in the eastern
part of the county are the main arteries from southern
cities to vacation centers in the northern part of the
State. State and county roads include many miles of
concrete, tarvia, and good gravel. Principal cities are
Allegan, the county seat and farm center, Saugatuck,
and Douglas, resort centers on Lake Michigan.

Land Utilization

Land cultivation in Allegan County does not exceed sixty
per cent of the area and is probably decreasing. In the
western part, once covered by glacial lakes, the soil is
very sandy and but thirty or forty per cent of the land is
under cultivation. Much of this land is being retired by
the Federal Resettlement Administration. In this area
are many acres of oak woods which provide game cover
and recreational facilities. The shores of Lake Michigan
and of the inland lakes are now used for resort
purposes. On the moraines and till plains (Plate 1)
cultivation approaches eighty per cent and the principal
crops are corn and wheat, except in the southwestern
part where some fruit and oats are raised. Poultry and
eggs in the western part and dairy products in the
eastern part of the country are important secondary
agricultural resources.

! County Agricultural Agent -- Personal communication.

Topography

The topography is typical of much of the glaciated areas
of Michigan, and the principal topographic features are
of glacial origin. Sand dunes line the shore of Lake
Michigan and extend inland two or three miles. Many
lakes dot the surface in the morainic belt, where water
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has become impounded behind clay hills. Elevations
vary from 582 feet, lake level, along the shore of Lake
Michigan to 900 feet above sea level in Gun Plains
township. The principal river is the Kalamazoo with its
tributary, Rabbit River. The Kalamazoo River flows
through the towns of Plainwell, Otsego, and Allegan,
where it provides water power for light and
manufacturing, and empties into Lake Michigan at
Saugatuck. The Black River flows through the
southwestern part of Allegan County to Lake Michigan at
South Haven. The Kalamazoo River was an important
outlet for melting ice during glacial times, discharging
into the enlarged Lake Michigan, just west of the city of
Allegan. The sandy silt plain south of the Kalamazoo
River in Valley Township is a delta of the glacial stream.

Glacial Features

The northeast-southwest alignment of moraines in
Allegan County indicates that ice movement, at least
during the last glaciation, came from the west and
northwest, from the Lake Michigan Lobe. Three stages
of glacial retreat are shown by three moraines with their
outwash plains to the east and southeast. The
Kalamazoo River, which probably antedated glaciation in
this area, has cut through these three morainic ridges. A
rough but significant parallelism exists between the
present land surface and the pre-glacial land surface. It
is evident from interpretation of well records that a pre-
glacial Kalamazoo River occupied nearly its present
position with a deep valley through the cities of Plainwell,
Otsego, and Allegan. Tributary branches extended
through Martin and through Hopkins on either side of a
lobe of the Marshall formation. The valley of the Rabbit
River evidently extended through Diamond Springs
towards Dorr, with a branch through the Salem field
where the removal of the Marshall over the structure
provided an easily eroded valley. A well marked ridge
extends from Dunningville, north of Monterey to the
southwestern part of Dorr township, more or less in the
position of the middle moraine. The pre-glacial
topography was controlled by the areal extent of the
Marshall formation and by the structure of the underlying
rocks. Evidently where the folding was intense the
Marshall was removed by erosion and valleys were
developed in the softer Goldwater shale at the crests of
the folds. Where folding was more gentle, the top of the
Marshall was retained and the folds caused ridges in the
pre-glacial land surface, in some places exaggerating
the underlying structure.

STRATIGRAPHY

The surface formations in Allegan County are Marshall
sandstone and Coldwater shale, with a small patch of
Michigan formation south of Wayland. Unfortunately
these formations are everywhere covered by from 50 to
400 feet of glacial drift, and our knowledge of them is
based on records and samples from wells.

Michigan Formation

At this date (September 1938) the Michigan formation in
Allegan County is known only from the Puritan Oil
Corporation - Gere No. 1 well, located in the N%2 NWY4
of Section 13, T.3N., R.12W, 300 feet from north and
300 feet from west line of the quarter section. In this
well 50 feet of gypsum and sandy shale were recorded.
It is probable that two other wells in this vicinity have
encountered some Michigan shales but have driven
drive pipe through without recording it. The presence of
the Michigan formation seems to be due to its deposition
in a basin in the Marshall, since here the Marshall is
much thinner than in other wells in Allegan County.

Marshall Formation

The Marshall Formation covers the northeastern part of
Allegan County extending southward into Watson and
Monterey townships in two broad lobes. The greatest
thickness, 171 feet, was recorded just west of Wayland.
The Marshall is absent over the greater part of the
Salem field and the limit of the outcrop corresponds
rather closely with the structure on top of the Traverse
limestone. Where the Marshall is present in the
southwestern part of the Salem field, its top reflects
underlying structure. The absence of Marshall in a belt
from the eastern part of the Salem field into the Dorr field
suggests that there may be a fold in this direction, but as
yet drilling has failed to locate commercial oil production.
The Marshall is present in a narrow band in the eastern
part of Dorr township on a narrow pre-glacial ridge. It is
absent over the southern and western parts of the
Monterey field. In the eastern part of the Monterey field,
as much as 60 feet of the formation has been recorded.
The Marshall was removed in a pre-glacial valley which
lies between Hopkins and Hillards. The Centennial
Geological Map of Michigan, issued in 1937, shows the
Marshall in Overisel and Fillmore townships, but
according to data available to this writer, there is no
Marshall in this area, west of the broken line (Plate 2).

The Napoleon (Upper Marshall) is present in the
northeastern part of Allegan County as shown in
samples from two wells, one in Hopkins and one in
Wayland townships. Unfortunately, samples were not
saved from other wells in this vicinity. The record of the
Napoleon from the Lentz and Miller - Morgenstein well -
west of Wayland is:

Sandstone, white, composed of angular

grains of various sizes 152-182
Sandstone, white and light gray, shaly 182-192
Sandstone, white angular grains, loosely

cemented 192-220
No sample
Sandstone, light gray, shaly, with

considerable pyrite 225-235
Sandstone, white angular, friable with little

muscovite 235-245

Total 93 feet
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The presence of Napoleon sandstone over most of this
area is inferred from the thickness of “white” or “gray
sand” reported in driller’s log. That the Napoleon is
present in Overisel and Fillmore townships is
guestionable.

The “Lower” Marshall is better known from study of
samples from many wells in Salem and Monterey
townships. It is gray and greenish gray sandstone,
composed of clear angular grains and containing much
muscovite and some biotite. Cementing material is
usually argillaceous, sometimes dolomitic and rarely
siliceous. In the Morgenstein well a bed of very fine
argillaceous sandstone 7 feet thick is 23 feet above
base. In several wells in the Salem field a zone of
coarser grained loosely cemented buff or light brown
sandstone is near the base. In some places a bed of
dense dolomitic sandstone is at the base of the Marshall.
In the two or three wells where Napoleon sandstone has
been recorded, the thickness of the “Lower” Marshall
varies from 65 to 80 feet.

Just east of Holland in Ottawa County, the “Lower”
Marshall sandstone was quarried for building stone
during the latter part of the nineteenth century. In the
city of Holland several buildings were constructed from
stone from the Waverly quarry. Evidently two varieties
of stone were used; a greenish gray, fine grained
sandstone and a light brown or buff sandstone
containing much muscovite. This included muscovite
weathers badly, forming a soft, easily marred surface.
The quarry quit operations when the advent of concrete
building blocks provided a cheaper, more durable
building stone. Now the old quarry is completely filled
with water and only a few rocks can be seen in place at
the surface. A few blocks thrown up along the edge
show at least three varieties of stone: (1) a hard
greenish gray sandstone composed of fine sub-angular
grains with dolomitic and siliceous cement, (2) a softer
friable gray buff sandstone, containing much muscovite,
and (3) a fossiliferous stone composed of dolomite from
which the fossils have been dissolved and the resulting
cavities lined with dolomite crystals. According to Mr.
VanDuren, present owner of the old Waverly Quarry,
about 40 feet of rock is exposed, with the fossiliferous
layer near the base. It is considered that this
fossiliferous dolomite may correlate with the dolomitic
sandstone recorded in wells in Salem township. If so,
the bottom of the quarry must have been near the base
of the Marshall section.

The fauna from the Waverly quarry sandstone has been
correlated with the Coldwater of Point Aux Barques and
with the Racoon shales of Ohio. Lane holds that
Marshall deposition in this area preceded deposition in
the eastern part of the State.”

The irregularity of the surface of the Coldwater shales
has suggested that an unconformity exists between
Coldwater and Marshall. Hake suggests the possibility
that apparent irregularities may be due to an oscillating
shore line and local sand bars on low mud flats.?
However, a probable gradual rise in land surface brought

about the deposition of the coarser grained sandstones
of the Napoleon.

! Lane, A. C. and Seaman, A. E. -- The Geological Section of
Michigan, Michigan Geological Survey Annual Report, 1908

% Hake, B. F. and Maibeus, J. B. -- Lithology of the Traverse Group --
Michigan Academy of Science Papers -- Vol. XXXIIl, p. 447, 1937

Coldwater Formation

The Coldwater is a formation of light gray or bluish gray
shales with beds of calcareous sandstone and dolomitic
shale. As now defined the lower limit of the Coldwater is
the base of the "Red Rock.” In the southwestern part of
Allegan County top beds are absent below the drift, but
where overlain by Marshall sandstone, the thickness of
the Coldwater, as recorded in well logs, varies from 700
feet in Overisel township to 860 feet in Hopkins
township.

The beds immediately below the Marshall are soft, flaky
and contain considerable muscovite. Common drilling
practice where the Marshal is absent is to drive pipe into
the shale to the first sandy layer. In Monterey, Salem
and Dorr townships a calcareous sandstone 10 to 18
feet thick is 50 to 80 feet below the Marshall. The
composition of this sandstone varies from well to well. In
Monterey township the sandstone resembles lower beds
of Marshall but with the additional grains of dark gray
and brown dolomite. Some grains are re-worked hard
dolomitic sandstone. In Salem township the zone is
more calcareous and contains fragments of bryozoa and
coral. In Hopkins and Wayland townships a similar zone
is also calcareous, but is apparently lower in the section.

The shales below the sandstone contain much foreign
material, notably smooth water worn pebbles of brown
cherty and argillaceous dolomite. These pebbles are not
recognizable in unwashed drill cuttings but often may be
the only hard material present after washing samples.
Galena and siderite have been found in these pebbles.*
Cores from a test well in Fillmore township showed chert
nodules and chert zones 2 to 8 inches thick composed of
fossil fragments and argillaceous dolomite. It seems
probable that deposition of shale took place in relatively
quiet waters near shore, but that transportation of
material greatly increased at periodic intervals to
redeposit parent material without much decomposition.

The "Coldwater limestone" which is 350 to 400 feet
below the base of the Marshall is the first continuous bed
in Allegan County.

It is predominately a cherty shale with included dolomite
crystals and thin bands of chert. Beds of dolomitic sand
composed of rounded grains of oolites of dolomite in a
limestone matrix are logged in some wells. In Laketown
and Fillmore, Heath, and parts of Salem townships the
“Coldwater limestone" is 80 to 100 feet thick and an
upper more cherty zone can be distinguished from a
lower more dolomitic zone. Where the lower part is
dolomitic it contains small amounts of salt water. In the
eastern townships the lower zone is absent and the total
thickness at the “limestone” is no more than 10 feet.
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In the southern part of the county the shales below the
"Coldwater limestone" are slightly dolomitic and contain
very fine crystals of dolomite. These shales thin
decidedly to the west. In many wells, near the base of
the Coldwater there are thin beds of soft red shale. In
cores from Fillmore township, five beds of red shale
were identified. In drill cuttings 2 or 3 beds are
recognized. Generally the top of these red shales is of
little value as indications of structural conditions, but in a
small area in Dorr township the upper red shale is 55 to
60 feet above the true "Red Rock."

The "Red Rock" has long been used as a structural
marker in Western Michigan, although its value as a
marker in Allegan County is doubtful. Its thickness varies
from 10 to 30 feet. The top 5 or 7 feet is a dark reddish
brown argillaceous limestone containing many crinoid
stems, and underlain by a white or light red, finely
crystalline limestone or dolomite. Logs of wells in
Trowbridge, Allegan, and Overisel townships record
some dolomitic sandstone in the lower red dolomite and
in the light gray dolomites below. This sandstone differs
from other sandstones in the Allegan section, as the
grains are uniform in size, well rounded and deeply
frosted. Newcombe has suggested that an unconformity
exists in the "Red Rock®. The presence of this
sandstone and the variation in thickness of the light gray
dolomites seems to prove the contention. It seems
probable the upper red beds are reworked material
derived from the lower dolomite.

The presence of Sunbury shale in Allegan County is
doubtful, although two wells have been drilled through a
dark gray or brown shale which is in the stratigraphic
position of the Sunbury shale. The Vanderleest-Berens
well in Overisel township drilled through 10 feet of dark
grayish brown shale 10 feet below the base of the"Red
Rock." The Borough Cavanaugh well in section 5,
Watson township, drilled through 8 feet of dark brown
pyritiferous shale at the base of the "Red Rock" and
above the light gray dolomite.

! Editor's note: On the Coldwater outcrop in Branch County galena is
found in concretions. Are these "pebbles” similar concretions?

2 Newcombe, R. B., Oil & Gas Fields of Michigan -- Michigan
Department of Conservation, Geological Survey Division -- Publication
38, 1933.

Ellsworth

The Ellsworth shales as now defined are those shales
between the "Red Rock" above and the Antrim shale
below.! Further studies may prove that part of the red
dolomite may belong in the Ellsworth shale. Recorded
thickness of the Ellsworth shale varies from 350 feet in
Wayland township to 550 feet in Laketown township.
The upper 30 to 80 feet is dolomite or shale with some
chert. Lower beds are thinly bedded greenish gray,
locally cherty or dolomitic. Chert in the Ellsworth shale
differs from the chert in the Coldwater and Traverse
formations. It is gray or dark gray and breaks with a fine
pebbly or grained fracture. The relative amount of chert
varies from well to well. At its base the greenish gray

Ellsworth shale is interbedded with dark gray shales.
Sometimes these bands of light and dark gray shale are
less than 1/16 inch in thickness. The top of the Antrim,
as now determined, is marked by a gradual increase in
number and thickness of the dark gray shale beds. This
zone is not in the same position in all wells, and
additional work may prove that the upper Antrim shale
should be included in the Ellsworth.

! Newcombe, R. B., Op. Cit.

Antrim

The upper Antrim shales differ little except in color, from
the Ellsworth. Chert in this zone has the same fine
pebbly appearance as that in the Ellsworth. The lower
70 to 100 feet is black or dark brown and differs in
texture from the upper 100 to 130 feet. Some gray shale
is often near the base. In most wells the lower 20 feet
contains variable amounts of dark brown crystalline
dolomite. This dolomite may be a correlative of a
concretionary zone recognized in the Antrim outcrops.

Traverse Formation

The Traverse formation has been variously subdivided
by many students of the surface outcrops. That these
divisions do not always extend basinward from the
outcrops and so be useful for subsurface work was
pointed out by Hake' who was, however, able to
correlate some surface formations with subsurface
formations in central and eastern Michigan, but these
divisions have been difficult to identify in western
Michigan, and in this study no attempt has been made to
correlate subsurface beds in the Traverse with surface
beds of the formation. However, when sufficient work is
done on detailed examination and analyses of samples
from wells and from surface rocks, it may be possible to
trace beds from the outcrops in the Traverse Bay region
to wells in southwestern Michigan.

In Allegan County the Traverse formation consists of 50
to 80 feet of shale and shaley limestone above 200 to
300 feet of limestone which contains beds of cherty
limestone and dolomite.

Traverse Shale

The so-called "Traverse shale" lies between the dark
shales of the Antrim above and the solid limestone
below. The top of this shale is generally readily
discernible by a change in color and an increase in lime
content. However, in some wells the change is not so
evident -- the zone seems to be gradational, due
perhaps to some Traverse shales being included in the
Antrim during deposition. Possibly the gradation is only
made apparent by imperfect sampling. A thin layer of
limestone is at the top of the Traverse shale in
Trowbridge township. In Salem, Dorr and Monterey, this
limy streak is near the crest of the structure. Kirkham?
has pointed out that an unconformity exists at the top of
the Traverse shale. An unconformity is not very evident
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in Allegan County, but might be inferred from the
absence of this limestone in many places.

The thickness of the Traverse shale varies considerably
over small areas. In Salem and Monterey townships the
shale thickens markedly off structure, is thinnest at the
break of the fold, and thickens slightly above the flat top
of the folds. Likewise, many of the irregularities in the
Traverse limestone structure above the fold are reflected
by a thinning and a thickening of the shale. A bed of
argillaceous limestone or calcareous shale 15 to 20 feet
thick and 10 to 30 feet below the top of the formation, is
fairly uniform over most of the county and can be traced
in wells through Kent County and into Montcalm County,
where it merges with the limestone below. It is common
practice to set the producing string of casing on this
limestone. As a structure marker in small areas, this
limestone is probably more satisfactory than the base of
the Antrim, although the shale below it varies
considerably in thickness. In many places this limestone
is difficult to distinguish and may grade laterally and
vertically into gray shales.

In many wells, especially in Dorr township, a thin layer of
dark gray or brown shale 3 to 5 feet thick is at the base
of the Traverse shale. Possibly more careful sampling
would reveal the shale in all wells. This shale may
represent a disconformity and may be a contact shale
produced by weathering of the limestone during a period
of erosion prior to deposition of the Traverse shale.

! Hake, B. F. and Maibeus, J. B. -- Lithology of the Traverse Group,
Michigan Academy of Science Papers -- Vol. XXXIIl, p. 447, 1937

% Kirkham, V. R. D. -- Unconformity at the top of the Traverse
Formation in Michigan. Geological Society of American Bulletin -- Vol.
43,1931

Traverse Limestone

For the sake of convenience, the limestone is divided
into five zones on the basis of lithologic content.
Although some of these zones may be recognized in the
untreated samples, they are best determined from acid
insoluble residues. In this zoning, all previous
examinations and formation tops, were discarded and
samples from old and new wells were re-examined. In
order to be more certain of proper correlation,
examinations were made of samples and records from
wells in Ottawa and Kent counties and the zones traced
across Kent and into Allegan County. (fig. 7)

Zone 1: The top fifty to eighty feet of the Traverse
limestone is a fairly consistent zone, which may be
recognized in wells in southwestern Michigan. It
consists of dolomite, chert, and cherty limestone and
contains both upper and lower pay zones in the oil fields,
and is therefore well known. It has been noted that the
top dolomite is thin or absent in many wells, which are
structurally high in Salem and Monterey townships. At
the time of writing not enough samples are available to
permit any conclusions about the presence, thickness, or
absence of the dolomite in the Dorr field. It seems
probable that this dolomite is of secondary origin and

was formed by leaching of calcium carbonate during an
interval of erosion when an outlying limestone and a part
of the dolomite was removed. This dolomite is not in
wells in Kent County northeast of Byron Center, but is in
many wells elsewhere in western Michigan. A thin layer
of limestone below the dolomite and overlying the chert
may represent an undolomitized portion of the same
bed. Below the dolomite and limestone layers are a
series of chert and cherty limestone beds. The top of
the first chert is easily recognized in samples and
probably represents a definite stratigraphic horizon more
consistent with the beds below than with the top of the
limestone. The thickness of the top chert bed varies
from 8 to 15 feet. Samples from it often have fifty
percent to seventy percent of chert in a dense light gray
limestone. Cores from the top of the Traverse limestone
from wells in Salem field show thin layers of shale above
and below the chert. Below the top chert bed two or
three cherty limestone beds separated by beds of more
nearly pure limestone are recognized in some places. In
the Salem field the second pay zone occupies a position
between the first and second cherty layers. In places a
third pay or water zone is below a third thin chert. In a
few wells in the northern and central part of the county,
beds of argillaceous limestone are between chert layers.
Most of these limestones are nearly pure, with but five or
six percent of insoluble residues. In the northeastern
part of the county the base of the first zone is marked by
a bed of sugary or earthy chert, light brown in color in
many samples.

Zone II: Zone Il consists of from 30 to 80 feet of nearly
pure light gray and white finely crystalline limestone. If it
is true that much of this zone is reef-coral, the extreme
variation in thickness may be accounted for, although
determinations of the upper and lower limits of the zone
may be in error. At least the variability in thickness of
the zone seems to have little effect on the total thickness
of the limestone. No oil or water have been found.
Insoluble residues seldom exceed five percent and are
usually two percent of a sample

Zone llI: Argillaceous and cherty limestones easily
recognized, particularly in the southern part of the
county, make up the third zone. The zone correlates
with the middle shaly zone recorded in central Michigan
wells and with the anhydrite zone recorded in
Muskegon? Ottawa and Oceana counties.
Considerable anhydrite is in this zone in the East Shore
Dewitt well in Laketown township in the northwestern
part of the county. The thickness of the zone varies from
35 feet in Trowbridge township to 80 feet in the East
Shore Dewitt well. In Salem township the top of the
zone is marked by a gray dolomite.

The first marker in the zone is commonly a slightly
argillaceous limestone which shows in residues as a
brown shale. Several thin beds of fairly pure limestone
have been recognized in the middle of the zone. Qil
shows or water have been noted in at least two wells.
Below is a thick zone of shaly limestone and dark gray
chert which shows as a gray shale in residues. This
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shaly limestone is often mistaken for the equivalent of
the Bell Shale, but careful correlation across Kent
County shows its position to be in the middle of the
Traverse limestone. The lower part of the shaly
limestone contains an abundance of siliceous corals.

Zone IV: The top of this zone, a light buff crystalline
limestone with many fragments of corals, has often been
identified as Dundee limestone in wells in southwestern
Michigan. It is possible that, like Zone Il, it is reef coral
limestone. Its thickness varies from 50 feet in the
southern part to 70 feet in the northern part of the
county. In the middle and lower part of the zone are
beds of lime sand, fragments of limestone, rounded by
wave action and recemented. A bed of fine white sand 5
or 8 feet in thickness is shown in samples from a few
wells. Many workers doubt the existence of the bed and
think the presence of the sand in the samples may be
explained by contamination. But it appears to the writer
that, given an abundance of siliceous corals containing
guartz crystals and conditions under which a lime sand
could form, that concentration of quartz sand would form
a natural sand deposit. Water, and sometimes oil, have
been recorded from the top 10 to 40 feet of this zone,
and in a few wells a bituminous shale is indicated in the
insoluble residues. Residues in this group seldom
exceed three percent of the sample, except in samples
from the sand. In the extreme western part of the county
all of Zone IV, and in places part of the overlying Zone
[1l, is a crystalline dolomite.

Zone V: The lower part of the Traverse lime contains
some dolomitic chert, many siliceous coral fragments,
and in some places argillaceous limestone. Siliceous
residues are not abundant in samples from wells in the
northwestern part of the county where correlation is
rather difficult and uncertain. However, the shaly
limestone which may be a representative of the Bell
shale, is more evident in wells in the southeastern than
in the northern part of Allegan County. The recorded
thickness of this zone varies considerably but the
variations may perhaps be due to discordant correlation
of the top and bottom parts. It is possible that some of
the beds of the zone were never deposited in southern
Allegan County.

Considerable evidence indicates that some folding
occurred during Traverse deposition. The thinning of the
Traverse and Dundee sections above broad
northeastward pitching folds is shown in figures 5 and 8.
At least part of the thinning is at the top of the Traverse
limestone. The thickening of the Traverse shale
offstructure is indicated in figure 14. At least part of the
thickening is at the base of the shale . We have
evidence also that a period of erosion preceded
deposition of the Traverse shale in this area. The
absence of some of the top beds on structure has
already been noted.

Dundee

The Dundee formation is in most of Allegan County, but
seems to be of little importance to the oil industry. As
yet no oil has been recorded from the formation and
water has been noted in only a few well. Because of the
difficulties in determining its top, no accurate
measurement of the thickness of the Dundee in Allegan
County has been made. However, the thickness
apparently varies from 15 to 59 feet, and the Dundee
may not be in the East Shore Dewitt well in Laketown
township. (fig. 8). The top of the Dundee is generally
determined by a decrease in the insoluble residues from
12 or 15 percent to 2 or 3 percent. However, in most
well samples these insoluble residues do not differ from
the insolubles in the lower part of the Traverse. Their
presence may be due to contamination of the samples
and it is possible that in general the top of the Dundee
has no characteristic residues. In Kent County and
northeastern Allegan County, a small amount of sand
has been noted in the top of the Dundee.

The Dundee, where not dolomitic, is a dense or finely
crystalline light buff limestone. The upper beds in some
places contain fine bands of dolomite. The lower beds
contain small light brown dolomite crystals. At present
the evidence is not sufficient to indicate whether the
Dundee thins at the top or at the bottom. It is probable
that any limestone layer close to an unconformity
becomes dolomitic by the action of magnesium waters.
Likewise the dolomitic limestone near the base of the
formation may be due to concentrations of magnesium
on a weathered surface of Detroit River (Upper Monroe)
and may not always represent the same bed. Brown
gypsum crystals have been found in the lower stratum of
the Dundee, but they may be residual material derived
from the Detroit River (Upper Monroe). In the extreme
western part of Allegan County, all strata from the middle
of Zone Il of the Traverse formation to the top of the
Detroit River formation are dolomitic.

It is possible that most of the Dundee was deposited in
quiet, deep waters well removed from shore. Fossils
which are found in the formation in central and eastern
Michigan have not been found in the Dundee of Allegan
County.

Detroit River

The Detroit River or "Upper Monroe" formation contains
beds of brown, light brown, buff or gray dolomite and
white and light bluish gray anhydrite. The top of the
Detroit River is generally easily recognized in the greater
part of Allegan County by a change from limestone to
dolomite. In the extreme western part of the county
where both Traverse and Dundee are dolomite, the
dolomites in the top of the Detroit River are light buff and
gray and finely crystalline whereas the dolomite in the
Dundee and Traverse are light brown and more coarsely
crystalline. Insoluble residues show brown gypsum
crystals in the Dundee and small amounts of white and
light bluish gray anhydrite in the top of the Detroit River.
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In some places a heavy bed of anhydrite is at the top of
the formation but in most places 5 or 10 feet of dolomite
are above the first anhydrite bed. Below the anhydrite
bed is a dark brown coarsely crystalline dolomite, which
usually contains water. In many wells, a bed of sand
and anhydrite has been encountered below the brown
dolomite. No attempt has been made to correlate
dolomite beds below the first sand and anhydrite as they
do not seem to be consistent over any considerable
area. Where beds are predominately dolomite, they
contain twenty to thirty percent of brown crystals of
gypsum. The Detroit River waters probably contained
much sulfate at all times and deposited anhydrite where
restricted and subject to evaporation but deposited
crystalline gypsum in deep waters during dolomite
deposition. The inter-bedding of anhydrite and dolomite
suggests frequent connections with and withdrawals of
the sea.

Sylvania

The Sylvania sandstone has not been definitely
identified in Allegan County, but a sandy anhydrite which
is from 150 to 200 feet below the top of the Detroit River
in western and southern parts of the county can be
correlated in five wells. This white, gray, and light amber
sand is made of partially rounded and slightly frosted
grains. The sand may be of aeolian origin which fact
may account for the extreme irregularity of its thickness
and occurrence.

Beds below the sandy anhydrite do not differ markedly
from those above which contain light buff crystalline
dolomite. Evidently restriction and evaporation of the
sea preceded sand deposition in this area. From 30 to
50 feet below the last sandy anhydrite a marked change
in color and texture of the dolomite probably represents
the top of the Bass Island formation.

Bass Island

The Bass Island ("Lower Monroe") is known in Allegan
County from four wells, but only one well penetrated
more than a few feet into the formation. The top beds
seem to be dense light gray to white dolomite suggesting
that relative quiet waters lay over southwestern Michigan
during Bass Island time with deposition of dolomite from
original magnesium rocks. Below the dolomite are beds
of light gray and light buff limestone, argillaceous
limestone and a little cream colored chert.

Formations below the Bass Island have not as yet been
reached in drilling in Allegan County.

STRUCTURE

The structure of the rocks in Allegan County is rather
complex and not yet perfectly understood. The county
lies on the southwestern rim of the Michigan Basin
where the strike of the rocks is N. 50°- 60°W. Dips on

top of the Traverse limestone vary from 25 to 36 feet per
mile.

Apparently two very definite trends of folding cross
Allegan County. In the northeastern part of the county,
two well marked northwest-southeast folds have been
identified; the Salem-Dorr Fold and the Diamond
Springs-Monterey Fold. The Salem-Dorr Fold has been
traced northwestward into Ottawa County and may
extend southeastward into Wayland township. The
greatest known relief is 160 feet in Salem township.
Although the northeastern flank of the Salem township
fold is not well defined, dips to the northeast are
apparently less than dips to the southwest. Thus the
fold resembles structure in Ogemaw County rather than
those folds in Michigan which have the steepest dip
basinward. The entire fold is greatly modified by
northeast-southwest cross folds.

The Diamond Springs-Monterey Fold, four miles
southwest of the Salem-Dorr Fold may extend
northwestward into Holland township, Ottawa County,
and southeastward into southeastern Monterey
township. This fold is about two miles wide and its
greatest known relief is 80 feet near Diamond Springs.
A third parallel fold may possibly underlie Heath and
Allegan townships.

Northeast-southwest folds are less well defined but are
indicated by many wells, particularly in southern Allegan
County. Parallel alignment of moraines, pre-glacial
ridges and the Coldwater-Marshall contact suggest a
possible relationship with these folds.

Where folds cross, structures favorable to the
accumulation of petroleum are produced. Commercial
production has been obtained from probable cross folds
in Overisel, Salem, Monterey and Dorr townships.
Widely scattered wells located near the crest of folds
have found small amounts of oil, but the most favorable
areas for commercial production will be at the junction of
known folds or their extensions. Such favorable areas
are indicated in southeastern Monterey township,
southeastern Hopkins township, eastern Watson
township and northeastern Wayland township. Further
drilling may indicate other favorable areas in townships
now but partially explored.

The northwest-southeast system of folding is well known
in Michigan and the generally accepted theory is that this
folding was more intense in northeastern Michigan and
became progressively weaker to the southwest until it
died out somewhere in Allegan County. However, folds
In northeastern Allegan County show more relief than
any known folds in western Montcalm or Kent counties,
but data for wells drilled now do not seem to show
northwest-southeast folds in central and southern
Allegan County. On the other hand, northeast-
southwest folds are not known in Central Michigan but
seem rather apparent in Allegan County.

The northeastern part of Allegan County is very near the
edge of the Salina salt basin.” It is possible that extreme
down warping of the center of the basin in Salina time
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may have produced radial folds on the edge where
sediments are thinner. The writer suggests that these
radial folds have been reflected in upper formations by
differential settling. From the rather meager information
available, the Dundee and Traverse evidently thin over
the northeast-southwest folds. Some evidence indicates
a disconformity following the deposition of the Traverse
limestone. In Salem and Monterey fields, upper beds of
the limestone are apparently absent over northwest-
southeast folds and the lower beds have been changed
from limestone to dolomite on structure. Northeast-
southwest folds are more apparent in contour maps
drawn on top of the Traverse limestone than in maps
drawn on upper formations. The "Traverse shales”
thicken decidedly off structure -- in some places as much
as 70 feet. At least part of this thickening is in basal
beds of the shale and evidently deposition took place
first around structural "highs." Intervals between the top
of the "Red Rock" and the Traverse limestone increase
decidedly off structure to the northeast and southwest in
Salem and Monterey townships and between folds in
Salem township.

The majority of Michigan geologists agree that the
northwest-southeast system of folds in Michigan
occurred after Marshall deposition, and that the
movement from the Canadian Shield was
southwestward towards the Kankakee Arch. Here, as in
mountain building, the thicker sediments in the basin
may have been more closely folded than thinner
sediments on the flanks. It is possible that radial folds in
southwestern Michigan (produced by settling of basin
sediments) acted as stiffening rods to prevent cross
folding in southwestern Allegan County, to concentrate
northwest-southeast folds along the northeastern edge
of the area and so caused more intense northwest-
southeast folds and buckled the ends of earlier
northeast-southwest folds.

! Newcombe, R. B. -- Op. Cit.

ECONOMIC GEOLOGY

Oil development in Allegan County dates from the latter
part of the nineteenth century when the Allegan Gas, Oil
and Mining Company, a local concern, drilled three wells
in and near the city of Allegan. These wells produced a
little oil from the top of the Traverse limestone but were
soon abandoned as unprofitable. Later in 1912 the
Northern Qil and Gas Company drilled two wells in the
same vicinity with like results." In 1916 a well drilled
near Saugatuck proved unprofitable.

After the discovery of the Muskegon oil field in 1928
several test wells were drilled in Allegan County. At the
same time some of the larger companies drilled, core
tests and located structures in the northern and
northeastern part of the county. However, oil tests
proved unsatisfactory and active interest in the county
was abandoned.

During the period of 1931 to 1936 several wells were
drilled by local companies. Many of these wells found
shows of ail in the Traverse limestone. In February
1937, Lentz and Miller completed their Rabb No. 1 well
for about 100 barrels and the Salem field was opened.

! Smith, R. A. -- Publication 14 (1912) -- Oil and Gas in Michigan --
Michigan Geological Survey.

Salem Oil Field

At first the discovery well in the Salem field failed to
attract the attention it deserved. It was not until April
13th that another well was completed nearly one half
mile from the discovery well. This well flowed 220
barrels after acid treatment. Development followed
rapidly during the summer of 1937. Now -- September
15, 1938 -- 85 wells are producing approximately 2,000
barrels of oil daily.

The Salem oil field is structurally rather complex and
may be interpreted in several ways. It is apparently
located on two small northeast-southwest folds at their
junction with a northwest-southeast fold. Marked
synclines lie to the northeast, southwest and southeast.
The steepest dips are to the west and northwest. The
total closure is approximately 100 feet of which the top
50 or 60 feet are productive. The 920 foot contour line
marks the lower limit of production on the west side of
the field, but on the east end production is limited
approximately by the 905 foot contour. Evidently water
encroachment is greatest from the east. Recently drilled
wells (April 1938) show a rise of about 5 feet in the oil
water contact. The total productive acreage in the field
will probably not exceed 1,150 acres with perhaps
sixteen more locations, most of which will be in sections
15 to 21.

Two areas northwest of the field will warrant further
testing. Recently wells drilled in this vicinity have found
encouraging shows of oil.

Reservoir Conditions

In general, oil is found in two pay zones in the Salem oil
field, a first pay in the top of the limestone and a second
pay from 17 to 30 feet below the top of the limestone. In
a few wells, particularly along the edge of the field, an
intermediate productive zone has been recorded 10 to
15 feet below the top, and at 35 to 40 feet below,
scattered wells on structure have oil but wells off
structure have water at this level.

The first pay zone is a dolomite, which has a maximum
thickness of 5 feet on the flanks but thins 1 foot or is
absent on top of the structure. The dolomite is brown or
light brown, rather dense in cores, but showing crystal
clusters and cavities. Porosity is evidently due to
leaching and may not exceed twelve percent. Two of
the first wells drilled encountered a strong flow of gas in
this zone but the gas was soon exhausted. In the
southeastern part of the field one well flowed a quantity
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of oil from this top pay, but in general, production is
slight.

The second pay zone is composed of coarsely
crystalline limestone and lime sand consisting of loosely
cemented fossil fragments, principally corals. Possibly
the chert capping the limestone prevented complete
circulation and cementation and thickness of the pay
zone may bear some relationship to the thickness of the
chert. Thickness of this pay varies from 2 to 12 feet with
an average of 7 feet. No measurements of porosity
have been made, but apparent porosity varies greatly
from well to well.

Drilling and Producing Practices

The slight depth to oil and the comparatively easy drilling
has favored the use of drilling machines in Salem field
and Allegan County. In general, the wells are placed in
the center of ten acres, but where property acreage is
small, wells are closer together. From 50 to 200 feet of
10 inch drive pipe is set through the drift. Where the
Marshall sandstone is present 8¥4 inch casing is set to
shut off fresh water. Often additional 8% inch casing is
set to prevent caving of the soft shales above the "Cold-
water limestone.” In some wells a little water is found in
the Coldwater limestone. The producing string of
casing, 6 5/8 inch or in some wells 5 3/16 inch, is set in
the shaly limestone above the Traverse limestone at
1550 feet. Itis seldom cemented or set on a packer.
Wells are drilled in with control head and oil saver and
bottomed at approximately 1,600 feet. Drilling time
averages from twenty to thirty days and drilling costs
from $5,000 to $6,000. Itis common practice to treat
wells once or twice with 1,000 gallons of acid shortly
after completion. Acid treatments usually increase
production from two to ten times. Initial productions vary
from 50 to 500 barrels daily. No dry holes are within the
proved area.

As the gas pressure is slight the flowing life of the wells
is short. Now (July 1938) the best wells flow about two
months, but many wells are put on the pump
immediately on completion. A few wells are pumped
from central power plants but the majority of wells are
pumped with individual powers. A few wells are pumped
with purchased electric power.

A few of the edge wells in the Salem field produce small
amounts of water. The lack of water drive and
deficiency of gas may tend to leave much unrecovered
oil in the pay zones unless some artificial recovery
methods are employed. Accumulations of paraffin in
tubing and surface lines, particularly during cold
weather, tend to increase lifting costs.

Owing to the extreme variability in thickness and porosity
of pay, recovery estimates are difficult. Assuming the
average thickness of the pay zone to be 7 feet, the
average porosity fifteen percent, and the recovery factor
thirty percent, then recovery should be about 2,700
barrels per acre. Other Traverse wells in western

Michigan show an average production of only 1,000
barrels per acre.

A rough estimate of the economics of an average well in
the Salem field might be as follows:

Costs

Drilling costs, including casing $5,500.00
Treating costs 500.00
Pumping equipment, rods, tubing, etc. 1,500.00
Lifting costs - 27000 bbls.@ 15¢ bbl 4,050.00
Incidental expense 2,000.00

Total $13,550.00

Returns

Total production 27,000 bbls.
Land owner’s Royalty 3,379 bbils.
Value 23,621 bbls. at $1.12 $26,555.00

Production curves show a rapid decline during the first
four months after discovery and a flattening of the curve
thereafter. Compilation of production records from
several good leases show an average recovery of 1,486
barrels (to July 1, 1938). By August 1, 1938 the field
had produced approximately 1,022,000 barrels of oil
from 85 wells located on 830 acres, or an average of a
little over 1,200 barrels per acre.

The oil from the Salem oil field has an asphalt' base and
an average gravity of 40° Be.; gasoline content is forty
percent and kerosene content eleven percent. The bulk
of oil is refined in Muskegon by the Naph-Sol and Old
Dutch Refineries; some is refined in Grand Rapids and
Grand Ledge. Oil is either trucked from loading racks in
the field or from pipe line loading racks in nearby towns.
During the early life of the field market facilities were
limited and wells were prorated, but since October 1,
1937 wells have been produced nearly to capacity.

! Naph-Sol Refinery Chemist -- Personal communication.

Monterey Oil Field

The Monterey Field was opened in February 1938, a
little over a year after the discovery in the Salem field.
The Hood Oil Company Wright No. 1, located in the
NEY2 SWY2 SWY4 of section 9, T.3N., R.13W., came in
unexpectedly, flowing at the rate of approximately 300
barrels daily before acid treatment. The second well, an
east offset, was rather small when drilled in, but
responded well to acid treatment. At the present time 19
wells are producing about 2,200 barrels daily.

Structurally, the Monterey Field is located on a
northeast-southwest fold. It differs from the Salem field
in that cross folding is less evident, although a
northwest-southeast cross fold may be in the
southwestern end of the field. The northeastern end of
the fold is as yet not well defined and offers the best
possibility for extension of production. As in the Salem
field, the steepest dip is on the northwest side of the fold.
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Total closure may be 80 feet, of which the top 70 feet
are productive. At the west edge of the field the 880 foot
contour line on the top of the Traverse limestone
represents approximately the lower limit of production
but as in Salem field, the eastern limit is higher, at 858
feet. Approximately 360 acres are now proved with 23
producing wells.

As yet only one pay zone has been recorded in wells in
the Monterey Field. This is a dolomite in the top of the
limestone much like the top pay of the Salem Field, but
containing more chert. Recorded thicknesses vary from
1 foot to 5 feet with an average of 4 feet. Off structure
the top of the Traverse limestone is represented by a
dense or slightly dolomitic limestone, indicating that the
structure existed at time of dolomitization. In a few wells
a slightly porous zone below the first cherty limestone is
recorded in a position corresponding with second pay
zone in the Salem Field. This zone is non-porous in
wells on the west side of the field, but it shows greater
porosity in wells to the east and northeast. It is possible
that wells drilled on the northeastern end of the structure
may produce from both zones.

Drilling and producing practices are essentially the same
as in the Salem Field with the exception that the
producing string of casing is often set on top of the
Traverse limestone and is sometimes cemented. This
practice gives better results in acid treatments where
considerable pressure is required to force the acid back
into the dolomite. At the present time all but the edge
wells are flowing. Lack of markets and transportation
facilities have caused production to be curtailed. Recent
oil discoveries nearby may cause further proration and
price decline. Data are too few to make any recovery
estimates, but it seems probable that recovery will be
less than in the Salem Field. The absence of water in
edge wells indicates that wells will not produce much
water nor will they have the benefit of a water drive to
aid recovery.

Dorr Oil Field

Dorr township has long been considered to be
structurally favorable for oil accumulations. Core tests
drilled in 1929 and 1930 proved the presence of a fold in
the southwestern part of the township. However, it was
not until after the discovery of the Salem Field that many
wells were drilled in Dorr township. The discovery well
was drilled in March 1938 by the Eureka Development
Company on the John Widenfeller property in the NEY4
NWY4 SEY4 of section 29. Initial production from a pay
zone in the top of the Traverse limestone was 250
barrels daily following acid treatment.

The Dorr Field differs in a number of ways from the other
Allegan fields. Greatest elongation of the field is along a
northwest-southeast fold. Apparently three separated
productive areas lie on three small cross folds. These
cross folds are small features on the top of the broad
fold which runs northeast through Allegan and Dorr
townships. The antiquity of this fold is shown by the

thinning of the Traverse and Dundee above it. (Plate 11).
Total closure may be 60 feet, of which no more than 17
feet have as yet been found to be productive of oil. Like
other Allegan fields, the steep dip may be to the south.
At the west edge the 885 contour line on top of the
Traverse limestone represents the lower limit of
production. At the eastern end, wells find water instead
of oil where the Traverse limestone is deeper than 860
feet below sea level. Northeast of the present producing
area the structure is not defined, but the writer believes
this is the most favorable area for future development.

The top pay zone in the Dorr Field resembles that of the
Monterey Field. Itis a crystalline dolomite with
considerable chert. Thickness of the zone varies from 1
foot to 5 feet with an average not much over 3 feet. In
the eastern and central parts of the field a layer of dense
cherty dolomite overlies the pay. This dolomite may be
part of a bed which has been removed from the top of
the higher folds of other fields. The Columbia Gas and
Oil Company Siewald No. 1 found a slightly porous zone
and more oil from 22 to 26 feet below the top of the
Traverse limestone. Other operators in this vicinity have
been reluctant about drilling wells to a second pay and
perhaps into water. However, where the two pay zones
are separated by dense cherty limestone it is probable
that if no water is in the upper pay zones the lower zone
is dry also.

Although some new wells flow for a few days, all of the
18 wells now producing are being pumped with
individual powers. Nearly all of these wells make a little
water with the oil and probably as the oil is withdrawn
the water will increase. Initial production from wells with
a thick pay zone was as high as 400 barrels daily. Now
no wells are making over 100 barrels daily.

Although the field is new and data are not sufficient to
permit estimates of recovery, it is probable that the Dorr
Field will not produce more than 1,000 barrels per acre.
At this time about 500 acres are proved with little
evidence that the total producing acreage may be
extended.

The oil from the Dorr Field, having a gravity of 41° Be.,
has better qualities for refining than the crude from either
Salem or Monterey. The Simarall Pipe Line Company
and Commonwealth Pipe Line Company are the chief
purchasers of Dorr oil production. Drilling and producing
conditions are essentially the same as in the Salem and
Monterey fields.

Trowbridge Township

In 1930 and 1931 the Johnson Oil Refining Company
drilled three test wells in Trowbridge township. One of
these wells on the Forstep property found some oil in the
top of the Traverse limestone, but was abandoned
because of water difficulties. In June 1937 James E.
Flannigan drilled a well on the Glair farm in section 29
which produced about 40 barrels of oil following an acid
treatment. Several oil wells were drilled in this vicinity
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and now (September 15) 7 wells have been drilled, four
of which are producing oil.

Wells in Trowbridge township are located on a northeast
pointing structural nose which has little or no closure to
the southwest.

The oil is in a light brown dolomite, 4 or 5 feet thick, 1 to
3 feet below the top of the Traverse limestone. Two
wells have found shows of oil or water 23 to 33 feet
below the top of the limestone in a position
corresponding to the second pay in the Salem Field.
This zone is composed of finely crystalline limestone
with less chert than layers above and below. Average
thickness of the pay zone in this area will not exceed 4
feet. Of the 7 oil wells only the most northerly has
produced oil in any appreciable quantities. This well
produced nearly 100 daily barrels for several months. At
the present time all wells are pumped with individual
powers. These wells produce from 1 to 10 times as
much water as oil.

Water disposal has always been a problem in this field.
Some water was used for a time as a dust settler on
roads. Attempts to dispose of brine by returning it to the
Coldwater limestone was successful in only one well.
Efforts to dispose of brine by returning it to Traverse
limestone in an edge well were also unsuccessful.
Experiments are being made in returning the brine to a
gravel layer in the base of the drift.

Diamond Springs

The Diamond Springs Field was opened July 18, 1938,
by the William Cline Aldrich No. 1 well, NEY2 SW¥ SEY4
of section 36, T.4N., R.14W., which was drilled to a
depth of 1,461 feet and then flowed 100 barrels of oil in
45 minutes from the Traverse limestone. Development
has proceeded very rapidly and now (September 20,
1938) 37 wells have been completed, 30 of which are
producing oil.

The structure is a relatively small northwest-southeast
trending anticline which apparently is caused by a small
northeast-southwest cross fold pointing toward the lower
end of the Salem oil field. Total closure may be nearly
80 feet, of which no more than the upper 50 feet are
productive of oil. At this time the field is limited by dry
holes on the east, north and west, but is not defined on
the south and the greatest drilling activity is now along
the southern edge of the field. Approximately 500 acres
are proved and it is possible that the total producing
acreage may be 750 acres.

QOil is produced from a light brown crystalline dolomite in
the top of the Traverse limestone. Reported pay
thicknesses vary from two to nine feet, but sufficient
samples are not available for accurate determinations.
Possibilities of finding a second pay zone have not been
tested on structure.

The eastern side of the field lies in the town of Diamond
Springs and wells are close together on small pieces of
property. Wells along the eastern edge are put on the

pump as soon as completed but wells along the northern
and southern edges are permitted to flow for a short time
after completion. Rapid dissipation of energy by drilling
wells on town lots will undoubtedly result in the loss of
recoverable oil. Edge wells are now beginning to make
some water and water disposal may become a serious
problem.

Overisel Field

On August 17, 1938 the Stewart Oil Company,
Oldebeking No. 1, SEY4 SEY4 of section 21, T.4N.,
R.14W., began producing oil at the rate of 20 barrels per
hour from one foot in the Traverse limestone at 1478
feet. The well is located northwest of Diamond Springs
Field on the Diamond-Springs-Monterey fold. Now
(September 20) 7 wells have been completed in this
area, 5 of which are producing oil. The logs of these
wells and of wells now drilling indicate an elongated
dome which may be larger than the Diamond Springs
Field.

The pay zone is evidently the same crystalline dolomite
in the top of the Traverse limestone which produced in
other Allegan County fields. As yet it is too early to
make any estimates as to thickness and extent of the
zone.

SUMMARY

Wells drilled for oil in Allegan County have penetrated
Paleozoic sediments of Mississippian, Devonian and
Silurian ages. Folds and cross folds in these sediments
have produced structures favorable for petroleum
accumulation. Oil is in a secondary dolomite near the
top of the Traverse limestone and locally in a porous
zone 20 to 30 feet below the top. Excepting in the Dorr
Field, wells do not produce much water with the oil.
Recovery estimates vary from 1,000 to 2,700 barrels per
acre, but much oil may be lost unless secondary
recovery methods are employed. Lower formations
have not been thoroughly tested but a porous dolomite
in the top of the Detroit River formation may contain oil
where the structure is favorable. Other structures may
be located along known anticlinal trends.
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