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It shall be the duty of the state geological
survey to make or cause to be made, a thorough
geological and mineralogical survey of the
state, embracing a determination of the suc-
cession and arrangement, thickness, and position
of all strata and rocks; their mineral character
and contents, and their economical uses, ...

The investigation of all deposits of brines,
coal, marl, clay, gypsum, lime, petroleum, and
metals and metallic ores, building stone, mar-
ble, gritstone, materials for mortar and cement,
mineral paint, and all other productions of the
geological world within the Timits of this state
capable of being converted to the uses of man.

--Act 65 of the public acts of 1869
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INTRODUCTION

At present, a considerable debate surrounds the definition of Cambrian and
Ordovician formation tops as they appear on geophysical well logs within
Michigan's Southern Peninsula. This investigation has been prepared as a

means to help provide a more complete picture of this stratigraphic sequence.

In no way are the geologic cross-sections or text contained herein intended
to be the definitive study on the Cambro-Ordovician sequence in Michigan.
Hopefully though, they will act as a reference point from which to expand
and inspire more detailed studies and establish a source of information
from which other government agencies, industry, educational institutions
and private individuals can gain a more thorough data base from which to

make future decisions concerning the use of Michigan's subsurface geology.

During the preparation of this report, no attempt was made to carry over
outcrop terminology or to correlate outcrop formations with subsurface units.
Those formation tops selected are based solely upon data derived from geo-
physical logs and sample reports. The author has chosen as a foundation for
his selections formation tops first ascertained by Garland D. Ells in 1967.
The names used to identify these formations are those employed by the
Michigan Geological Survey in their investigations of Michigan's sub-

surface.

A MOOD OF CAUTIOUS OPTIMISM

Since renewed interest in deep well drilling within the Michigan Basin began

in 1980, and especially since the announcement of a gas discovery in the




Dart 0i1 and Gas Corporation's, Edwards #7-36 Deeper Pool Test, in April
of 1981, the majority of information requests dealt with by the Subsurface
and Petroleum Geology Unit of the Michigan Geological Survey have been

concerned with the Cambro-Ordovician stratigraphic sequence.

Though many wells have been drilled, and are currently being drilled to
Cambrian and Ordovician horizons on the Basin's periphery, prior to the
early part of 1980, only eight oil and gas test wells had been drilled to
these formations, roughly the 10,000 foot mark, throughout the Basin's
central region. For this reason an accurate data base was lacking from
which to make reliable assumptions and decisions regarding the disposition

of Cambro-Ordovician rock units.

After the successful completion of the Edwards #7-36 well, an upsurge of
deep well drilling has occurred in Michigan's Southern Peninsula. Most of
the wells permitted are targeted for the upper regions of the Prairie

du Chien Group. Fortunately, from a geologist's point of view, many of the

wells continued to venture deeper into what is relatively "unknown territory."

With knowledge of these lower formations being at a minimum and commercial
interest in them at a maximum, when a well is drilled to these greater
depths, sampling, coring and the running of extensive geophysical log suites
have become a matter of necessity. The information gained from these methods
has established a viable and, in most cases, accurate data base from which
the Geological Survey, the petroleum industry and other independent re-

searchers can begin to draw some conclusions.

The Subsurface and Petroleum Geology Unit, in its dealing with the large
number of inguiries concerning the Cambro-Ordovician rock sequence, has

found it quite evident that there is a difference of opinion concerning for-

mation identification and nomenclature. Garland D. Ells (1967) addressed
this problem of identification as it applies to practical usage, "...in my
opinion, the petroleum exploration industry in Michigan generally does not
use the sophisticated classifications and nomenclatures which have been
developed from time to time for outcrop and subsurface sequences." "...the
idea of time-stratigraphic classification is, no doubt, appreciated by most
geologists, but the emphasis and interest seems to be mainly on tracing the
individual rock units from place to place." The key phrase here is "practical

usage."

Countless volumes exist concerning Cambrian and Ordovician rocks within the
Michigan Basin. These works reflect the enthusiasm and tireless efforts of
biostratigraphers, lithostratigraphers, petroleum geologists and researchers
from just about every other branch of the geologic sciences. Unfortunately,
a petroleum geologist's solution to an existing correlation problem may bring
on a considerable amount of unanswered questions to a biostratigrapher.
However, a petroleum geologist cannot detect conodonts from a geophysical

well log.

For this reason, the names used to identify the Cambro-Ordovician units in
this report are those employed by the Michigan Geological Survey. They

have proven themselves effective and reliable in regional studies and in
correlation problems involving electric and radiation type well logs. Un-
doubtedly, a multitude of terms exist covering this sequence. In an attempt
to standardize information for future research and for dispersal on a daily
basis to the general public, I have chosen those terms which have prevailed

as the most practical.

In the construction of the accompanying geologic cross-sections and maps,

formation boundaries were based on sample descriptions in combination with




correlatable geophysical log curves. Due to the nature of those rocks within

the Cambro-Ordovician sequence, sandstones, some minor shales and clean

carbonates, geophysical logs do not show all formations as distinct, individual

log signatures. However, certain curves and curve patterns are evident. These

are correlatable and can be used as reliable, traceable log markers within the
Southern Peninsula. The gamma ray curve was used to construct the cross-

sections because it shows the most consistently recognizable profiles.

In a given well, the lithologic description was compared to its corresponding
geophysical log suite. Individual Tog suites were then correlated with others
throughout the state by a combination of sample descriptions and geophysical
log characteristics. Contributing to the difficuity in correlating these
units is the often poor quality of submitted sample descriptions. When a

two thousand foot interval is described soley as "gray dolomite," problems

in accurate interpretation arise. For these reasons the Prairie du Chien and
Trempealeau formations have not been broken into their individual components.
The pattern for the correlation runs was selected for convenience of presen-
tation and to give what appears to be the most logical and complete coverage
of the Southern Peninsula (Fig. 17). Any number of possible combinations can
be made from the control points used. The datum for all cross-sections is

the Glenwood Shale. It shod]d be noted that the McClure 0i1 Company, Sparks,
Eckelbarger and Whightsil #1-8 well is not drawn to total depth on the cross-
sections for reasons of space constraint. The well's actual total depth being

17,466 feet.

The accompanying lithologic descriptions, with the exception of the Prairie
du Chien, are the result of combining the major identifying characteristics
from drill site sample descriptions, mud logs and existing microscopic ana-

lyses. These microscopic analyses were carried out by the Michigan Geological

Survey, the petroleum industry and geologists engaged in independent research

through academic institutions and federal agencies.

During the preparation of maps for this report additional data points were
used for control, beyond those wells used in the geologic cross-sections, to
insure a greater measure of accuracy. Even with the additional control points
the contouring was open to interpretation. Therefore, the least deceiving

contour interval was chosen on a map to map basis.

With the Timited data available, structure contour maps prepared for this re-
port seem to indicate the presence of an embryonic basin during Mt. Simon
times. Well control is not sufficient at this stage to indicate the presence

of a structural basin prior to the Mt. Simon's deposition.

The continued drilling of Cambro-Ordovician test wells within the Michigan
Basin will help provide an ongoing supply of fresh data with which to improve
the accuracy of our interpretations and understanding of this sequence of
rocks. At this time, a mood of cautious optimism prevails surrounding the
economic potential of the Cambrian and Ordovician formations. Hopefully, the
practical information presented in this report will inspire and expand the
imaginations of researchers and help direct a new flow of energy and excite-

ment into the commercial hydrocarbon potential of Michigan's deeper sediments.

STRATIGRAPHY
ORDOVICIAN

GLENWOOD SHALE

The Glenwood Shale is the basal member of the Black River Group. Due to the
appearance of sandstones and carbonates within the unit it has been called
a transitional bed between the St. Peter Sandstone and the Black River Limestone.

Recent evidence indicates that in most portions of Michigan the Glenwood exists




as a stratigraphic unit regardless of the presence of the St. Peter. Appar-
ently, the Glenwood is confined by the massive carbonates of the Black River
above and, where it is present, the St. Peter Sandstone below. Where the

St. Peter is absent, the base of the Glenwood is marked by an unconformity.
The Glenwood is a waxy, green to greenish gray, pyritic and sandy shale. It
is interbedded with thin layers of red to dark brown sandy and silty dolomite,
dolomitic sandstone and limestone. In most cases there are abundant quartz

grains at the shale-dolomite contacts.

The Glenwood Shale ranges in thickness from under 5 feet to over 50 feet in

the north central Lower Peninsula (Fig. 2).

ST. PETER SANDSTONE

The St. Peter is a friable sandstone composed of well sorted subrounded to
well rounded quartz. The Unit is thus termed supermature. The grains are

frosted and pitted, fine grained in the upper portion and coarse grained in

the lower section of the formation. Often the presence of chert and calcareous

cementing is noted.

The St. Peter lies below the base of the Glenwood Shale and above an unconformity

at the top of the Prairie du Chien Group. It is present only in southwestern
Michigan (Fig. 3), and its thickness varies from over 30 feet in wells drilled
in Calhoun County to being locally present or absent over very short distances

in Kalamazoo, Van Buren, Cass, St. Joseph and Berrien Counties (Fig. 4).

In other regions of the Southern Peninsula, and located in a position apparently

stratigraphically equivalent to the St. Peter Sandstone, there exists a similar

quartz sandstone unit. Comparative analysis of sample records filed with the

Michigan Geological Survey indicate that this unit appears to be a zone of re-

worked and redeposited sediments derived from the older massive sandstone
facies of the Prairie du Chien Group. Though only thorough thin section and
core analysis can confirm this, several factors lead the author to believe

this stratigraphic equivalent is distinct from the St. Peter Sandstone.

The reworked unit is a clean, very fine to medium grained, well sorted,
translucent quartz sandstone. Its grains are subangular to subrounded,
showing heavy mottling in many cases. The unit tends to be moderately argil-
laceous. The unit is very dense and descriptions identify silica, calcite or
finely crystalline dolomitic cementation. Color varies from white to light
gray to yellow, and in the presence of dolomitic cement, brown to dark brown.
Occasionally traces of pyrite appear. Although the grains appear to have
been exposed to weathering processes, they do not exhibit this characteristic
to the same degree as the St. Peter Sandstone. The higher angularity of the
quartz grains would indicate a shorter period of exposure to weathering or

that they did not experience any long distance transportation.

The sandstone unit, rather then being a separate and distinct body, appears
to be one of the upper constituents of a series of reworked sediments in-
cluding sandy and argillaceous dolomites, limestone, sandstones and minor
amounts of shale. These sediments appear to be bounded by an unconformity
at the base of the Glenwood Shale and another unconformity at the top of the

massive sandstone facies of the Prairie du Chien.

The Tower section of this unit of reworked sediments and the positioning of
the unconformity below it was derived by using criteria for the recognition
of unconformities established by Pettijohn (1949). Using a single criterion
from Pettijohn's Tist to suggest unconformity may only complicate the iden-

tification process, as individually almost all the 1isted criterion can be



explained by faulting or some sedimentary process or variation. The more
criteria that can be established for a given horizon, the greater is the
probability of its being a surface of unconformity. The author has iden-
tified the unconformity by observing the following criteria in many of the
wells studied: basal black shales, residual chert, buried soil profiles,
glauconite zones, iron-oxide zones, sharp differences in 1ithology, algal
biscuits, borings of littoral marine organisms, pyritiferous zones and

radioactive mineral zones.

By using a combination of lithologic descriptions and geophysical well Togs
the unconformity between the Prairie du Chien and the units that overlie it
can be identified and correlated. This task is complicated by the nature

of the Tithologic facies within the Prairie du Chien. In regions where the
Prairie du Chien lithology is dominated by carbonates and the St. Peter
Sandstone is absent, the unconformity is placed at the base of the Glenwood
Shale (See Plate 6 - Mobil 0il1 Corp., Kelly Unit No. 1). This does not mean
that the unconformity may not lie elsewhere within the carbonate unit, only
that its recognition and identification within this constant lithology is
difficult at best. In southwestern Michigan, where the St. Peter Sandstone
is present, the unconformity is placed at the contact between the carbonates
of the Prairie du Chien and the St. Peter (See Plate 5 - Security 0il and

Gas Co., Thalman No. 1).

In the north central Lower Peninsula, where the unit of reworked sediments

can be identified occupying a stratigraphic position directly below the

Glenwood Shale, the unconformity is located at the base of the reworked zone.

Directly below this unconformity lies the massive sandstone facies of the

Prairie du Chien Group (See Plate 8 - Dome Petroleum Corp., Brandt No. 1-34).

It appears the unconformity that separates the Prairie du Chien from the

St. Peter Sandstone and Glenwood Shale in most areas of Michigan is the same
unconformity which separates the zone of reworked sediments from the Prairie
du Chien in the north central region of the Lower Peninsula. I belijeve this
erosional surface correlates to the Post-Knox Unconformity and can be tracked

by cross-sections into Michigan from adjacent states.

The unit of reworked sediments located between the unconformity at the base

of the Glenwood Shale and the Post-Knox Unconformity at the top of the massive
sandstone facies of the Prairie du Chien Group, though in a position strati-
graphically equivalent to the St. Peter Sandstone, is a separate lithology

and must be treated as a separate unit.

The St. Peter Sandstone appears to be present only in southwestern portions
of Michigan, having a southwesterly source (Fig. 3). Available evidence in-
dicates the stratigraphic equivalent sediments are restricted to a northeast-
southwest trending tongue like configuration in the north central region of

the Southern Peninsula (Fig. 4a).

For identification and correlation purposes in this report and on the accom-
panying cross-section the stratigraphic interval occupied by these reworked

sediments will be referred to as, "The Zone of Unconformity."

PRAIRIE DU CHIEN

On the basis of outcrop 1ithologic descriptions the Prairie du Chien Group

has been divided into three formations by other workers: 1in descending strati-
graphic order, the Shakopee Dolomite, New Richmond Sandstone and Oneota Dolomite.
The extent to which any of these outcrop formations exist in Michigan's subsur-

face has yet to be ascertained. For correlation purposes in this report, the



group has not been subdivided. Because a more detailed description of the
Prairie du Chien, as it appears in Michigan's subsurface, is located elsewhere
in the body of this report (Reszka, 1983), the Tithology will not be discussed
in depth at this point. 1In general, the Shakopee is a Tight gray to light
brown finely crystalline dolomite. It contains minor amounts of oolitic chert,
sand and shale stringers. The New Richmond is a fine to medium grained quartz
sandstone. The grains are subrounded to rounded and often frosted. Color may
vary from light gray to pink. The sandstone is often interbedded with silt-
stone, argillaceous 1imestone, dolomite, shale and minor amounts of chert.

The Oneota is a fine grained, gray to buff to brown dolomite. Shows of oolitic

chert are quite common along with dolomitic shale stringers, sand and glauconite.

The Prairie du Chien appears to be bounded by two unconformities: The Post-
Knox Unconformity which separates its upper members from the Glenwood Shale,
the St. Peter Sandstone and in north central Lower Michigan, a zone of rework-
ed sediments and another unconformity which established its Tower limit at

the top of the Trempealeau. This Tower unconformity was identified by using
the same criteria applied in establishing the position of the Post-Knox

Unconformity discussed earlier in this paper.

In the Southern Peninsula of Michigan, the Prairie du Chien appears thickest,
over 1300 feet, in a NW-SE trending band from southern Kalkaska County to
northwestern Arenac County. There is also a relatively thick tongue of Prairie
du Chien sediments extending between Newaygo and Eaton Counties. There appears
to be a region stretching from northern St. Clair County to southern Wayne
County in which the Prairie du Chien Group is absent (Fig. 6). In this region
the Glenwood Shale lies directly on top of the Trempealeau Formation (See

Plate 8 - Marathon 0il Co., Woodhaven B.D. No. 1).
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CAMBRIAN
TREMPEALEAU

The Trempealeau Formation consists of three members: the Jordan Sandstone, the
Lodi and the St. Lawrence. For the purpose of electric log correlation in this
report, and as is common practice with geologists working in the Michigan Basin,
the Trempealeau will not be subdivided into its individual members, though all

will be described.

In general the Trempealeau consists of a mostly buff to light brown dolomite,
often exhibiting a pink mottling. The dolomite may appear fairly sandy, and in
regions, slightly cherty. Indications of hematitic dolomite, dolomitic shale,

shaly dolomite and glauconite are also common.

The Trempealeau ranges in thickness from under 100 feet along the southeastern
periphery of the Basin to nearly 900 feet in north central Lower Michigan

(Fig. 8).

The Jordan Sandstone may range from a very fine grained quartz sandstone con-
taining well rounded, frosted and pitted grains to a sandy dolomite. The
dolomite may vary in color from white to buff to 1ight brown, and may be

fairly calcareous.

The Lodi is a slightly sandy dolomite with a wide variation in color. It may
appear white, buff, pink or purple. It is interbedded with very fine grained,
poorly sorted sand stringers and shale. The Lodi also contains some minor

anhydrite layers and shows traces of pyrite.

The St. Lawrence member is a sandy, very glauconitic dolomite. Its color

ranges from light to dark gray. Intermingled within the member are dark

11



colored dolomites and dolomitic shales. These tend to range in color from
dark green to dark gray. A1l of this is interbedded with anhydrite and a
clear to tan colored, fine grained sandstone. Often highly dolomitic algal

balls are noted in the St. Lawrence's lower section.

Some workers recognize the existence of an unconformity between the Trempealeau
Formation and the top of the Munising Formation (Sorensen, et al, 1964). To
avoid confusion with other unconformities being dealt with in this paper, this
unconformity has not been identified as such on the geologic cross-sections

though it has been represented as a correlation.

FRANCONIAN
The Franconia lies beneath the unconformity at the base of the Trempealeau,
and is the upper member of the Munising Formation. It is a faintly pink to
gray, fine grained, angular quartz sandstone. There appears interbedded with
the sandstone, beds of gray to tan dolomite, shaly dolomite, finely crystal-
line sandy dolomite, dolomitic siltstone and green gray shale. The Franconia

contains pyrite and a very significant amount of glauconite.

Of the wells used in this report, 38 cut the Franconia. Sixty-eight percent
of these wells had a thickness ranging between 110 feet and 170 feet, and this
remains quite constant basinwide. There is a marked increase in thickness,
however, in the north central region of the Southern Peninsula, where the

member reaches a thickness of over 500 feet (Fig. 10).

The Franconia usually can be identified on the gamma ray log as the radiation
intensifies below the Trempealeau Formation. The exception is where the

bottom of the Trempealeau is laced with sandy stringers.
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DRESBACH
Below the Franconia member is the Dresbach. The upper region of the Dresbach
is a white to light gray dolomitic sandstone. This consists of subangular,
medium sized grains, and contains minor amounts of glauconite. The lower
region is a well sorted, coarse grained quartz sandstone that exhibits well
rounded, frosted, and pitted grains. This sandstone often contains thin beds

of white dolomite and minor amounts of gray green shale.

The Dresbach reaches a thickness of nearly 600 feet in the Gladwin County
area and thins to less than 100 feet in the southeastern and western portions

of the Lower Peninsula (Fig. 12).

EAU CLAIRE
The Eau Claire is a thinly bedded member containing dolomite, sandstone and
shale. The dolomite often appears sandy or shaly, and has a variety of
coloration: gray to dark gray, pink, purple, red, green and brown. The
sandstone is well sorted and held together with a 1light tan dolomitic cement.
The shale varies in color with the same degree as the dolomite. Within the
Eau Claire it is also common to find fossil fragments, thin beds of musco-
vite, and a regional abundance of glauconite. On the gamma ray log the
Eau Claire characteristically begins as the radiocactivity increases, in sharp
contrast to the low gamma ray response of the relatively clean Dresbach

sandstone above it.

The Eau Claire reaches a thickness of over 800 feet near the central basin

and thins to 150 feet in locations along the state's eastern margin (Fig. 14).

13



MT. SIMON SANDSTONE

The Mt. Simon Sandstone is the lowest member of the Munising Formation. It
is a medium to coarse grained, silica cemented sandstone, displaying sub-
angular to rounded grains and moderate sorting. Its upper region is white
to gray in color and shows slight amounts of shale and sandy dolomite. The
basal segment becomes slightly arkosic and exhibits an increase in feldspar

and hematite causing a light pink coloration.

In the southwestern portions of the state the arkosic nature of the Lower
Mt. Simon is very evident. The presence of feldspar in this lower section
may have resulted from the reworking of the granite wash sediments which
underlie an unconformity at the base of the Mt. Simon in many areas of the
state. The Mt. Simon reaches a thickness of 1,240 feet in the Gratiot
County region and rapidly thins to zero in Livingston County where a granite
wash lies directly below the Eau Claire. It also thins as it passes through
the Allegan County area, thickening again in Berrien County in the direction

of the I11inois Basin.

In this report, the base of the Mt. Simon has been placed at the beginning
of this "Granite Wash", or the point at which the gamma ray curve radiation
intensity increases dramatically as the well bore enters what is believed

to be Precambrian age rock.
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DESCRIPTION OF THE PRAIRIE DU CHIEN GROUP
THROUGH MICROSCOPIC ANALYSIS OF SAMPLES

In order to minimize the masking effect of extremely local lithologic vari-
ations on gross lithologic trends, five widely spaced wells were used in this
study in an attempt to determine major rock characteristics of the Prairie

du Chien Group. The information provided is necessarily very limited but it
does indicate a facies change between some of the wells. The following wells
were used in the study:

1. George P. Dorr #1, P.N. 35153, Texaco Inc., Grass Lake Twp.,
Jackson Co.

2. Weingartz #1-7, P.N. 34611, JEM Petroleum Corp., Aetna Twp.,
Clare Co.

3. Visser et al #3-35, P.N. 34606, JEM Petroleum Corp., Aetna Twp.,
Clare Co.

4. State-Mitchell #1-31, P.N. 34936, Gulf 0il1 Exploration and
Production Co., Mitchell Twp., Alcona Co.

5. Salling-Hanson Co. Tr. #1, P.N. 35060, Sun Exploration and
Production Co., E11is Twp., Cheboygan Co.

The description for all the wells can be very lengthy. As a result I will
provide what I believe is a typical description of the Prairie du Chien
Group. The descriptions were made from examination of samples by binocular
microscope. As an aid in determining lithologic tops, geophysical logs
concerning the above wells were used, in conjunction with a study of Prairie
du Chien stratigraphy conducted by D. M. Bricker and R. L. Milstein which

covered the entire state.

In general the Prairie du Chien is composed of three minerals: quartz, which
dominates, dolomite, almost equally important, and shale which is a distant
third. Limestone can sometimes make an appearance but it is in minor

quantities.
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Accessory mineralization found in the above wells were: pyrite, hematite
staining, anhydrite (possibly cavings), glauconite and what are probably
feldspars. A1l were in trace quantities but may be used as markers to

identify Prairie du Chien rocks because they were not found in either the

Glenwood or Trempealeau.

As a whole the Prairie du Chien appears lighter in color when compared to
the bracketing formations, the Glenwood and Trempealeau. The St. Peter,
which directly overlies the Prairie du Chien only in the southwest corner
of Michigan, is similar in color to the Prairie du Chien but the lithology
description is distinct. The Prairie du Chien is generally light gray to
buff with occasional minor streaks of darker color. This can be somewhat
difficult to determine with a microscope, but if the samples are examined

with the unaided eye the color differences are readily apparent.

In the wells studied, with the exception of the Dorr #1, quartz is the
most abundant mineral in the Prairie du Chien. It is generally light
colored, ranging from clear to white, light gray to buff and yellow to
pink. It can be fine to coarse grained, angular to rounded, frosted,
single grained to aggregates with both siliceous and carbonaceous cement,
and poorly to well sorted. Generally the quartz is poorly sorted which

usually will cause a resulting poor porosity in regions where quartz is the

major constituent, as in portions of the Prairie du Chien which some workers

have informally referred to as the "Massive Sand."

Dolomite can also be present in major quantities as in the Dorr #1 well.
It is usually dark to 1light gray and dark to 1ight brown with the lighter
colors predominating. It is usually fine grained to microcrystalline and

can be sucrosic especially near the bottom of the Prairie du Chien. It is

usually massive and blocky and may be sandy in part.

16

Shale is present in minor amounts throughout the Prairie du Chien. It is
generally black to very dark brown, platy to blocky, and may be dense or
fissile and can also be sandy. Some red and some green shale was also

found.

The above descriptions are not intended to be vague although they may appear
to be. The paleoenvironment that existed during Prairie du Chien time must
have been fairly constant throughout the period of deposition. However,
there were enough changes climatically and regionally to cause confusion. It
is not the scope of this study to determine these paleoenvironmental changes
but to try to determine the lithology of the Prairie du Chien and what

characteristics may differentiate it from other stratigraphic intervals.

[t appears the determinative factors are the presence of quartz and dolomite.

In the south, in the Dorr #1, dolomite is the predominant mineral with quartz
present, but in a minor role. In the northerly wells, (Weingartz, Visser and
Salling-Hanson) quartz by far dominates the lithology, but dolomite is still
present. In the east well, the State-Mitchell, quartz still dominates but
calcite is very evident even to the extent of forming a coating over the quartz.
(These facies changes are marked and can be cause for misinterpreting the
stratigraphy. Since the scope of this work is limited, no firm statement can

be made concerning the extent or magnitude of these changes.)

In the wells studied, the Glenwood is predominantly shale with limestone
present in minor amounts. The Trempealeau was clearly defined in only the
Salling-Hanson #1-11. The upper Trempealeau interval was mostly a gray and

white mottied dolomite with a trace of quartz, which may have been cavings.
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This interval covers 75 feet, and then fine grained, gray to white, well
sorted, clean quartz was encountered. It appears the near absence of guartz
in the top of the Trempealeau signals the change in stratigraphy that coin-
cides with the 1ithology boundary determinations made on the geophysical Togs

for the above well.
SELECTED STUDIES OF CAMBRO-ORDOVICIAN

Throughout the Prairie du Chien, in the wells studied, the ratio of con- SEDIMENTS WITHIN THE MICHIGAN BASIN
stituents may change but the lithologies remain constant. There is always

some gquartz and dolomite of the varieties described above. Whether or not

the Prairie du Chien can be accurately delineated consistently by using only

samples is problematical. Further study is indicated but I believe that

both samples and geophysical logs, used in conjunction, will be able to
PART III

Hydrocarbon Production from
the Prairie du Chien Group

accurately determine the Prairie du Chien Timits.

D. Michael Bricker
Subsurface and Petroleum Geology Unit
Michigan Geological Survey Division
1983
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HYDROCARBON PRODUCTION FROM
THE PRAIRIE DU CHIEN GROUP

INTRODUCTION

The discovery of commercial quantities of natural gas in Prairie du Chien
Group rocks in a well drilled in Missaukee County in 1981 created considerable
interest in exploring the Lower Ordovician section of Michigan's stratigraphic
column for hydrocarbons. Although most of the numerous wells drilled as a
result of this recent interest were completed as dry holes, a great deal of
new geological information has been gained which will be of value to future

oil and gas exploration programs.

PRODUCTION HISTORY

0i1 and gas production from the Prairie du Chien Group is not a new phenomenon.
At the time of this writing, according to Michigan Geological Survey records,
Prairie du Chien hydrocarbon production has been established over the years in
six wells at scattered locations throughout the state. The locations of these
six wells are shown in Figure 1; well data summaries are shown in Table 1.
Additionally, shows of hydrocarbons in the Prairie du Chien have been reported
in three wells drilled in Barry County between 1940 and 1955 as well as in
several of the noncommercial wells recently drilled in the central basin of

Michigan.

The hydrocarbons found in Prairie du Chien Group rocks have been obtained from
two different 1ithologic types, and can be separated into two provinces in
Michigan. 0i1 production in the southern portion of the Lower Peninsula in
wells number 1, 2, and 3 was found in carbonate rocks. Gas and gas condensate
production in wells number 4, 5, and 6 in the north central region of the

Lower Peninsula is from a sandstone facies of the Prairie du Chien Group.
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LOCATION OF WELLS WHICH HAVE PRODUCED HYDROCARBONS

FROM THE PRAIRIE du CHIEN GROUP.

FIGURE |




A1l production attained to date has been located immediately below an uncon-
formity at the top of the Prairie du Chien Group. This widespread erosional
surface correlates with the Post-Knox Unconformity (Syrjamaki, 1977) of other

states (Fig. 2).

Utilizing geophysical logs and lithologic descriptions, correlation of this
unconformity in Michigan is relatively straightforward in certain areas and
very difficult in others. Where the St. Peter can be readily identified in
southwestern Michigan, the Post-Knox Unconformity is placed at the base of
this sandstone body. Prairie du Chien carbonates lie directly below this
point. In the north central Lower Peninsula a reworked section of Prairie
du Chien Group rocks composed of sandstones and carbonates lies below the
base of the Glenwood, occupying a position which is believed to be strat-
jgraphically equivalent to the St. Peter Sandstone. In areas where these
reworked sediments can be recognized, the Post-Knox Unconformity is marked
at the base of this reworked interval. The massive sandstone facies of the
Prairie du Chien Group occurs beneath the unconformity in this region. With-
in this sandstone facies, decreasing porosity with depth may indicate

past groundwater action, therefore offering evidence for the presence of

an unconformity as well as helping to explain, in part, the reason for the
occurrence of hydrocarbons in the more porous interval directly below the

unconformity.

Where the St. Peter is absent and where the Prairie du Chien is predominately
a carbonate, the Post-Knox Unconformity is, for schematic purposes in this
paper, arbitrarily placed at the base of the Glenwood. This is due to the
difficulty of recognizing the unconformity in the essentially single Tith-

ology facies of the Prairie du Chien in these areas.
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FIGURE 2. GENERALIZED STRATIGRAPHIC CORRELATION CHART FOR
ORDOVICIAN ROCKS IN MICHIGAN AND NEARBY STATES.



SOUTHERN MICHIGAN

Production from the three wells in the southern part of Michigan was from
zones lying directly below the Post-Knox Unconformity (Fig. 3). These
southern Michigan pay zones ranged from 4 to 25 feet in thickness. One well,
the H. Young #1, was subsequently deepened, and it is assumed that produc-
tion was also obtained from these slightly lower treated zones although
completion reports are not clear on this point. Crude c¢il produced from the
Young well reportedly had an API gravity of 44.69; that which was produced

from the Selders well had an API gravity of 47.00.

NORTH CENTRAL MICHIGAN

The three north central Michigan wells produce natural gas, and in the case
of the Johannesburg Manufacturing well (well number 6, Table 1) some addition-
al quantities of gas condensate, from the uppermost part of the massive sand-

stone facies in the Prairie du Chien Group. Like the wells in southern

Michigan, the pay zones are located just below the Post-Knox Unconformity (Fig.

To date, hydrocarbon production obtained in the north central region has been
limited to selected intervals within the top 150 feet of the sandstone. The
thickness of this sand body is in excess of 1,000 feet in certain areas of the
north central basin. As this sandstone unit is traced southward it thins and
undergoes a facies change until it is represented by a carbonate over approx-

imately the southern one third of the state's Lower Peninsula.

TRAPPING MECHANISMS

Trapping mechanisms for Prairie du Chien hydrocarbons may take a variety of
forms. Based upon their on-trend location in relation to the fault related
Albion-Scipio 0il field, it appears likely that oil production from the

Zaremba and Young wells (wells number 2 and 3, Table 1) was also linked to
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porosity development associated with faulting. The reservoir found in

the Edwards and Gilde wells in Missaukee County's Falmouth oil and gas

field is thought to be connected, in part, with a structural closure.

Since the Falmouth field already had exhibited structurally associated
production from four shallower geological horizons, evidence has now been
provided to support the suggestion that some shallow structures in the
Michigan Basin may be persistant with depth. Some workers (E1ls, 1969,

Hinze et al, 1971) have alluded to basement 1ithologic or tectonic features
as being originating factors for the roughly superimposed structures in parts
of the basin. Due to the paucity of nearby well control and geological data,
it is not prudent at this time to speculate as to possible trapping mechan-
isms for the reservoirs in Lenawee and Otsego Counties. The potential for
hydrocarbon entrapment of a stratigraphic nature may exist in Prairie du Chien
sandstone units if porosity and permeability abruptly decrease as the 1ithol-

ogy of the units alters from sandstone to carbonate coming updip out of the

basin.

CONCLUSIONS
Prairie du Chien rocks have not thus far yielded large amounts of hydro-
carbons in comparison to other producing formations in Michigan. However,
that production has been obtained at all is significant because it indicates
the potential for additional production from this stratigraphic interval.
At this time, it appears that future production from the Prairie du Chien
Group will be from both structural and stratigraphic type traps where
favorable porosity and permeability development exists, and will likely

be closely associated with the Post-Knox Unconformity.
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SELECTED STUDIES OF CAMBRO-ORDOVICIAN
SEDIMENTS WITHIN THE MICHIGAN BASIN

PART IV

011 and Gas Test Well Inventory:
Prairie du Chien and Deeper

C. Robert Reszka, Jr.
Subsurface and Petroleum Geology Unit
Michigan Geological Survey Division
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LIST OF WELLS - PRAIRIE DU CHIEN AND DEEPER

The following document Tists all oil and gas test wells in Michigan that pene-

trate the Prairie du Chien.

It includes:

map number

permit number

farm name

company name

location by county
township, range and section
formation at total depth
Prairie du Chien top
Prairie du Chien base
total depth of the well
elevation

The 1list is arranged alphabetically by county name then numerically by township

and range. It consists of two parts: one comprised of wells spotted on a map,

the other consists of those not on the map. Because the map had to be large

enough to make the well spots and corresponding numbers easily visible it could

not be included in this paper but may be purchased separately. Send your

request for purchase to:

Geological Survey Division

Maps and Graphics

Michigan Department of Natural Resources
Box 30028

Lansing, MI 48909
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