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Cambrian

Cambrian rocks in the Southern Peninsula of Michigan consist of sandstone,
dolemite, and some shale, These rocks, Lake Superior sandstone, which are of
Upper Cambrian age overlie pre-Cambrian rocks and are divided into the Jacobsville
sandstone overlain by the Munising. The Munising sandstone at the north is divided
southward into the following formations in ascending order: Mount Simon, Eau
Claire, Dresbach and Franconia sandstones overlain by the Trampealeau formation,
This sequence of rocks correlates with the Reagan sandstone, Honey Creek limestone
and the lower part of the Arbuckle group of Oklahoma and also the Hickory sandstone,
Cap Mountain limestone, Wilberns formation and the lower part of the Ellenburger
group of Texas,

The basal Cambrian sandstone in the Lake Superior region, the Jacobsville sand=
stone, is red, brown, and white arkosic sandstone mottled and striped with red and
gray shale and is conglomeratic near the base. The sandstone occurs in the Keweenaw
and Huron Mountain areas in the Northe rn Peninsula but its occurrence farther east
in the Southern Peninsula of Michigan has not been definitely establisheds A few
wells in the Michigan Basin have penetrated a red or pinkish sandstone overlying
the pre-Cambrian which may correlate with the Jacobsville of the Northern Peninsula,
A well drilled at Sault Ste. Marie, Chippewa County, Michigan penetrated about 1000
feet of sandstone and was still in Lake Superior sandstone at the bottom of the hole.

The Mount Simon sardstone is a medium to coarse grained white sandstone with
sub-angular to rounded grains. It is about 300 feet thick along the line of the
cross~section in southeastern Michigan but thins eastward toward Ontario and in
places in southwestern Ontario it is absent due to thinning and truncation. The
sandstone increases in thickness westward across Michigan,

The Eau Claire consists of sandstone, shale and dolomite that is shaly and
sandy. The lower part of the Eau Claire is generally argillaceous sandy dolomite,
dolomitic sandstone and shale, The middle part is generally sandstone with minor
amounts of dolomite; the upper part is predominantly argillaceous and sandy dolomite.
The dolomite beds in the Eau Claire may be gray to dark gray, pink to purple, red
to brown color and the shale is also variously colored, Glauccnite is generally
abundant in the fomation. The Eau Claire increases in thickness southward in the
Southern Peninsula of Micligan where it becomes much more dolomitic,

The Dresbach sandstone is a fine to medium grained sandstone with well rounded
and angular quartz grains, Thin beds of argillaceous dolomite may occur leccally in
the sandstone. It is about 100 feet thick in the Southern Peninsula of Michigan
but is absent in Northern Indiana,

The Franconia sandstone is a fine to medium grained glauconitic and dolomitic
gsandstone, It is from 10 to 20 feet thick where prescnt in tle Southern Peninsula,
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The Trempealeau is predominantly a tuff to light brown dolomite with a minor
amount of sandy, glauconitic dolomite ard dolomitic shale in the basal part. Zones
of sandy dolomite are in the Trempealeau in addition to the basal part. A small
amount of chert may be found in various places in the formation.

Very small showings of gas were found in the top of the Mount Simon in several
wells in southeastern Michigan.

Ordovician

Lower Ordovician, Lower Ordovician rocks in the Southern Peninsula of Michigan
are the Prairie du Chien group overlain by the St. Peter sandstone in some parts of
the Southern Peninsula, The Prairie du Chien group is divided, in ascending order,
into the Onsota dolomite, the New Richmond sandstone and the Shakopee dolomite,

The Prairie du Chien group is absent in parts ot southeustern Michigan due to
erosion that occured priocr to depositicn of the St. Peter sandstone.

The Oneota is a buff to light brown and very cherty dolomite with some oolitic
chert. A light green to greenish-gray shale may be associated with the dolomite in
some areas. In southwestern Mic.igan the Oneota dolomite is largely sandstone and
dolomite with some shale,

The New Richmond sandstone is a thin unit overlying the Oneota dolomite and
underlying the Shakopee dolomite. It is from 5 to 10 feet thick and has been recogn-
ized in drill cuttings in wells from southwestern Michigzan,

The Shakopee dolomite in the southern part of the Southern Peninsula generally
consist of a buff dolomite which may be sandy and cherty and shaly but northward
and westward in the Southern Peninsula the Shakopee is largely sandstone, dolomite
‘and some shale,

The St. Peter sandstone consists of well rounded quartz grains similar in
character to those in Cambrian sandstones in certain areas, It is cherty and con-
glomeratic at the base in southwestern Michigan, The sandstore has a maximum thick-
ness of 150 feet in southwestern Michigan, It unconformably overlies Cambrian and
Lower Ordovician beds. The sandstone is irregular in its occurrence in the Southem
Peninsula of Michigan,

4 show of oil was found in the top of the Shakopee in two wells in Barry County,
Michigan,

Middle Ordovician, When the Black River sea covered Miciigan it transgressed
sandstone and dolemite of Cumirian to Lower Ordovician age. The first Black River
sediments included cla stics that were derived from the surface of the underlying
rocks. In many places the first deposits were sandstone and shale, 4 green and
gray pyritic and sandy shale and dolomite is common in some places. These rocks
have been correlated with the Glenwood shale in Illinois and Wisconsin, The Glen~
wood is from 10 to 100 feet thick in places ard in some areas it is absent,
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Black River and Trenton rocks generally consist of bravn and gray crystalline
limestone and dolomite with minor amounts of shale and argillaceous limestone, In
some areas, particularly where structural deformation has occurred, zones of second=-
ry dolomite occur in varying amounts in the Black River and Trenton limestonese
'he boundary between the Black River and Trenton limestones is easily distinguished
1n southwestern Ontario and parts of southeastern Michigan by the argillaceous
haracter of the base of the Trenton, Westward across Michigan is more difficult to
‘stablish this boundary due to the transiticn into pure limestone ard dolomite,

n places some chert fragments may be in the upper part of the Bleck River. The
rea of greatest known thickness of Bkack River ard Trenton rocks is in southeastern
{ichigan where as much as 965 feet have been recorded in wells.

The areas in which Black #tiver and Trenton limestones contain secondary dolomite
»ffer the best possibilities for oil and gas production. Production from the Trenton
n Michigan is in the Deerfield field, Monrce County and in ome and two well fields
in Sumpter and Huron townships, Wayne County in the southeastern part of the State.
"hese fields are on the northern extension of the Findlay arch inte Michigan, Pro-
fuction is in the upper part of the Trenton limestone at depths of 10 to 75 feet be=-
low the top, The Black River and Trenton limestones &are mostly limestone throughout
the greater part of the Cenmtral Basin area in the Southern Peninsula,

Upper Ordovician, Upper Ordovician rocks in the Southern Peninsula of Michi gan
are dividided into the Utica, Lorraine and Queenston shales in ascending order.
The Utica shale is dark gray to black and is approximately 150 to 200 feet thick in
goutheastern Michigan, The Lorraine shale consists of about 200 feet of gray shale
+ith thin beds of limestone and dolomite, and tle overlying Queenston shale is about
200 feet thick. It is similar to tle Lorraine but contains red shale. The red shale
in the Queenston increases in thickness eastward in Ontario and is almost absent in
sestern Michigan., In western Michigan and in the northern part of the Southern Penin-
sula, it is difficult to subdivide Upper Ordovician rocks (Cincinnatian) due to
-hinning and lateral and vertical gradation of the shale and increasing amounts of
imestone and dolomite., In the Northern Peninsula the Upper Ordovician rocks of the
ubcrop area are considered Richmond in age and are correlated with the Maquoketa
hale of Wisconsin and Illinois,

In the Southern Peninsula of Michigan tle known thickness of Upper Ordovician
ocks ranges from 277 feet in western Michigan to 812 feet in eastern Michigan.
ear the outcrop area in the Northern Peninsula the thickness of the Upper Ordovician
acks is 370 feet,

Silurian

Lower Silurian, The lower Silurian rocks in the Southern Peninsula of Michigan
vonsist of The Manitoulin dolomite and the Cabot Head shale of the Cataract formation,
he Manitoulin dolomite is buff to light brown and locally cherty with interbedded
shale, The Cabot Head shale consists of green, greenish..gray and some red shale,.

s the contact between the Munitoulin and Cabot Head is gradational it is difficult
;0 separate the two members in the subsurface. Local reefs in the Cataract cause
sonsiderable variation in lithology between wells, The cataract formation varies
in thickness from L5 feet in westem Michigan to 190 feet in eastern Michigan. The
"White and Red Medina" and "Clinton” sandstones which produce gas in southwestern
mtario are of lower Silurian age. These sandstones are absent in Michigan,
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Middle Silurian. The middle Silurien rocks of Michigan, the Niagara group,
onsist of the Clinton formation ahd the Lockport dolomite, Early workers in Ontario
ave the name the name Guelph to the uppermost part of the Niagara group. Later
orkers upon finding Guelph fossils in the Lockport at Niagara River placed the
uelph of Ontario in the Lockport. The Clinton formation as recognized kn New York
tate extends across Ontario into southeastern Michigan where it is LO feet thick
n places, The Clinton commonly includes a gray shale 5 to 10 feet thick at the
ase, a light brown dolomite from 5 to 10 feet thick and gray calcareous shale of
‘ochester age at the top, which is from 10 to 15 feet thick,

The Lockport dolomite in the subsurface generally consists of white to buff and
light gray dolomite overlain by light brown dolomite., It is cherty in part and con-
tains argillaceous dolomite in the basal rert in the northern part of the Southern
Seninsula., Reefs are abundant in the Lockport ard account for part of the variation
in thickness in the Lockport from one area to another. In places in western and
sastern parts of the Southern Peninsula pink and red dolomite is common in tle
Niagara group.

The thickness of the Niagara group in Michigan varies from about 65 feet in
western Michigan to more than 700 feet in the nortlern tip of the Southern Peninsula,
A broad thin area, where the Niagara group is less than 100 feet thick, extends east
-nd west aeross southern Michigan. Southward from this thin area it increases in
thickness in northern Indiana and in nortlern Ohio in tle vicinity of Lake Erie,

occurs

Porosity/at varying depths in the Lockport and oil and gas shows have been
ceported in many wells, Many of the porous zones appear to be reef porosity. In
;he Howell gas field, Livingston County, Michigan, production is from the base of
he Salina and from the top of the Lockport. A number of gas fields in southwesbtern
mtario are producing from the Lockport, Some of these fields are producing from
eefs in the Lockport and others are producing from anticliral folds or domes.

Upper Silurian, The Upper Silurian rocks consist of, in ascending order, the
Salins and tre rass Island units, The Salina contains the thick salt measures of
Jew York, Pennsylvania, Ohio, Ontario, and Michigan. Everywhere the salt has been
leached from the outcrop zone and only the associlated insoluble rocks can te studied
1t the surface. These rocks crop out on the Ste. Ignace Peninsula where they have
been named the Pointe aux Chenes formation,

Tn the subsurface section of the Michigan Basin it is possible to divide the
Salina into seven units which are arbitrarily labelled A to G. Unit A is a brown
dolomite with two beds of salt aggregating 870 feet in thickness in the deeper part
of the Micligan Basin, Maximum thickness of the unit is 100 feet. The A beds
directly overlie the Niagara rocks and in the outerop area of Ohio, where salt is
not present, have been named the Greenfield dolomite.

Bunit is almost a pure salt about 250 feet thick., Some dolomite may be present
in thin layers, The C, D, ard E sequence is readily recognizable. Tre C unit con-
tains greenish gray shales and shaly dolomite from 60 to 160 feet in thickness., D
is the middle salt, ranging from 25 to 65 feet in tidckness. It is overlain by the
% beds consisting of about 100 feet of gray or red shale with some interbedded dolo=
nite. F unit is tle youngest salt-becring members. It consists of thick teds of
salt separated by thinner beds of anhydeitic shale, shely dolomite and dolomite,

The dolomite layers are gray, buff, znd brown, The F beds are not recognizable at
the surface due to the leaching of the predominant salt. Maximum recorded thickress
of this member is 1230 feet in Bay County., Gy the highest unit, consists of Lo to
100 feet of green to red shale.
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Due to thinning toward the rim of the sasin, and to leaching and nondeposition
>f the salt members, the entire Salina farmation is less than 100 feet thick in
Jerrien Oounty in southwestern Michigan. ‘Near the center of the Basin the thickness
sxceeds L500 feet of which approximately 2000 feet is salt,

Gas is produced from the brown dolomite &t the base of the Salina in the Howell
sas field, Livingston County, Michigan, The pay zone is about 10 feet thick. A
ouff dolomite immediately below the lower of two salt beds in southwestern Ontario is
4 source of commercial gas in tre Dawn, Chatham, and Zore fields of Lambton and Kent
Counties. In the same counties some gas is obtained from a higher dolomite lying
immediately below the upper salt beds. The Bateson well in Bay County, Michigan,
struck a heavy flow of gas in a brown dolémite below the upper of the two salt beds
in Unit A. Attempts to produce this gas have not as yet been successiul,

A common feature in the Mackimac Straits region is the Mackinac Breccia which
contains jumbled fragments of Szlina, pass Island, Onodaga, and Detroit River rocks.
The brecciation was caused by collapse of the section extending from above the
Salina salt caves. Collapse breccias are also around the rim in other parts of the

Basine

The type locality for the Bass Island is a group of islands of tiat name in
western Lake Erie, The formations overlying the Salina that crop ouvt in southwestern
Ontario are referred to Eertie-ikron; the rocks occupying a similar position in the
Mackinac Straits area have been named the St. Ignace farmation,

In southeastern Michigan and norttern Ohio thc sass Island beds were originally
subdivided into the Greenfield, Tymochtee, Put-in-bay and Raisin River units, in
ascending order. More recently it has been suggested that the Tymochtee represents
insoluble facies of the Salina evaporite section, ard the Greenfield is the basal
Salina carbonate rock,

The subsurface Bass Island is characteristically a buff dolomite, oolitic at the
top in southeastern Michigan. Gray and brown dolomite layers and one ar two gray
shaly dolomites may also be present. Anhydrite is present inside the rim of the
“ichigan Basin, Bass Island rccks are everywhere between tre outcrop zones, but
this wpit thins rapidly on the north flank of the Finlay arch extending from northe
castern Michigan, Thicknesses range from 20 feet in Fulton County, Chio to 570 feet
in Bay County, Michigan. The thickness of the Bass Island in the Mackinac Straits
region is estimated at 250 to 300 feet.

The Bass Island rocks are not productive of either oil or gas. In fact, the
strata are so impermeable that water is scarce in this part of the section,
Devonian

Lower Devonian, Lower Devonian rocks of Mictigen include in ascending order
the Garden Islamd, Bois flanc and Sylvania formations and the Detroit River dolomite.
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On Garden Island in the Beaver group of islands in Lake Michigan the Bois Blanc
rocks are underlain by a few feet of buff dolomite and dolomitic sandstone called
the Garden Island formation. These rccks contain fossils characteristics of tle
Oriskany sandstone which underlies the Unodaga rocks in southwestern Ontario and New
Yorke, The Garden Island which is the oldest Devonian formetion in Michigan has not
been recognized in the subsurface, except possibly in the northernmost tier of coun-
ties in the Southern Peninsula.

The type locality of the Bols Blanc formation is the island of that name at the
east end of Mackinac Straits. The formation is of lower Onondaga age and appears
to connect beneath the waters of Lake Huron with the lower Onondaga rocks of Ontario,

The greater part of the Bois Blanc fommationy on the outcrop and in well same
ples, is cherty and fossiliferous. Excepting the chert, which is most atundant in
the lower part of the formation, the Bois Blanc consists of light colored carbonate
rock. In some places it is all limestone, but dolomite is common in the lower part
in the eastern half of the Southern Feninsula, and throughout the section on the
western side,

Bois Blanc rocks are present throughout the Southern Peninsula except in the
southwestern part and along the southern margin where they were apparently removed
by pre-Sylvania erosion., This formation can also be traced in the subsurface records
from the deeper part of the Michigan Basin across southwestern Ontario to the area
of Onondaga outcrop.

The Bois Hlanc thickness at the outcrop in northern Michigan is estimated to
be about 300 feet., The formation thickens to nearly 1000 feet in a well drilled in
southern Ogemaw County. It thins to the south and is absent on much of the south
flank of the Basin,

No oil or gas have been reported in the Bois Elonce although the fomation has
several porous zones, especially in the lower very cherty part of the section,

The Sylvania formation crops out in the vieinity of Sylvaniz, Iucas County,
Ohio, from which the firmation gets its name, and in Monrce County of southeastern
Michigane. It is not present in northern Michigan, The Sylvania is everywhere
overlain by the Detroit River formetion and is underlein almost everywhere by the
Bois Hanc formetion, In a small area in west~central Michigan and a large area in
southwestern and southern Michigan and northern Ohio where the Pois Blanc formation
has been removed by erosion, the Sylvania lies directly upon the Bass Island dolomite,

Sand is the dominant constituent of the Sylvania formation and occurs as beds
of nearly pure sandstone and as scattered quartz grains through beds of dolomite
and limestones Chert fragments also are found in samples of the Sylvania formation
in a few wells in the central part of the Michigan Basin, The sandstone beds are
discontinuous lenses, and individual beds canno% be t»aced from orme well to another
.unless the wells are very close. From cne ¢ six szndsione beds may be in the
Sylvania, In a few places the Sy'vania is comrtecec entirely of sandstone, but where
the formation is thickest limestones also are pressani, However; an area of "none
sandy JSylvania" is in southwestern Michigan, A bright greenish shale of possible
Sylvania age in southwestern Michigean may correlate with grecn shele which is at
the base of a sandy phase of the Sylvania fommation farther east. Apparently this
shale was deposited as a result of local conditions dwing Sylvanis time,
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0il or gas in commercial quantities is not produced from the Sylvania farmation
11though shows of oil and gas have been reported in wells penetrating this farmation
in several areas in the State.

The Detroit River is typically fine grained gray to buff thin bedded dlomite
with abundant carbonaceous partins and with some limestone members, mainly in the
upper part; anhydrite through; an evaporite series of dolomite, snhydrite, and :
several beds of salt are in the middle part in central Michig an where the formation
is thickect; sandstone, sandy dolomite and chert in the lower part, and some black
limestone members. The basal part is sandy and in places contains thin sandstone
lenses consisting of frosted and well rounded grains of white sand, some of which
are brownish and iron stained, This formation varies from a few hundred to 1300
or 1400 feet thick.

The subdivision of the Detroit River dolomite, commonly referred to as the
"Upper Monroe!, adopted from southeastern Michigan, are in ascending order; the
Amherstberg dolomite and the Lucas, dolomite, with Anderdon limestone lentil near
the top. In central Michigan these subdivisions are not easlly recognized in the
subsurface, but a typical evaporite series is near the top beginning with tle anhy-
drite and dolomite and grading downward into as many as three series of salt beds, -
with one or more typical black limestone members in the scction below the evaporite
series,

A porous zone is found in places at or near the contact of the Dundee and the
NDetroit River and in maeny wells black water is found but is not an important oil and
7as producing zone, The most important oil amd gas producing zone is commonly tbte-
eath the first 20 to 30 feet of the dolomite and anhydrite of the Detroit River,
Tt is 30 to 35 feet thick and known as the "Reed City pay" zone. This zone is best
developed in western Michigan. Another producing zone upproximately 50 feet below
the "Reed City pay" zone is less porous than the "Reed City pay" zone and in most
places contains gas instead of oil. Scattered through 100 to 150 feet of anhydrite
and dolomite in the lower part of the Detroit River is a zone of porosity which is
known as the "Richfield pay" zone, Where best developed in northeastern central
Michigan this "pay" section is about 1300 feet telow the top of the Dundee-Rogers
ity limestone,

The Richfield dolomite of the Detroit River is recognized in rcck samples from
wells drilled in the deeper part of the Michigan Basin, and apparently has no recoge
nizable outcrop. The areal distrilution is coextensive with the distribution of
the overlying evaporites of the Detroit River and it is therefore restricted to the
counties lying in the north central part of the State, The thickest part of the
evaporite depositionzl basin is near the southern boundary of Roscommon County.

The Richfield can be recognized in subsurface within a radius of fifty miles from
the center of this area,

Commercial oil production was first discovered in the "Richfie 1d" zore on
December L, 1941, in the Sun 0il Company's Margrethe Bauman Tr. #1, located in
Sec, 29, Te 24 No R1 1 W., Richfield Township, Roscommcn County, Michigan, The
rame Richfield is derived from the township name, Sever:l pay zones were found in
the 80-90 foot section of gray to buff crystalline dolomite occupying the interval
selow the basal anhydrite beds of the Detroit River evaporites, and above the
inderlying black limestone,

(9]
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Three pools, Beaver Creek, Norwich and Enterprise, in various stages of deve-
lopment, have been found twenty miles west of the Richfield pools In these pools,
several pay zones are encountered in lensing dolomite stringers in the bottom 100
feet of the massive anhydrite beds directly above the Richfield member., These pays
have been called "Richfield" but are actually above it,

The Rose City pool being developed in Ogemaw County, 10 miles east of the Riche
field pool also has the "Richfield pay" zone. A few additional isolated commereial
wells are producing on the flanks of Dundee producing structures in Clare, Osceola
and Mecosta Counties. No Richfield production has been found on the top of any Dun=
dee producing structure in Dundee wells deepened to the zone,

A flank well at the west end of the Fork pool, in northeastern Mecosta County,
produces gas and considerable distillate from the Richfield. In the Norwich pool
in northeastern Missuzkee County, a gas cap is encountered in the structurally high
wells in the Richfield and high gas-oil ratio wells are common, Most of the gas is
recycled in this field, A similar gas cap is found at the eastern end of the Rich-
field pool in Roscommon County. Several gas wells drilled in this area are still
shut in &s no pipeline outlet is available,

Middle Devonian. Middle Devonian reccks of Michigan are divided in ascending
order into the Dundee and Rogers City formations and the Traverse groupe

The Dundee is a typical buff to light brown cherty limestone, dolomitic lime=-
stone, and dolomite varying from approximately 50 to 40O feet thick., It is very
thin or absent in southwestern Michigan, A sandy zone or thin bedded sandstone is
found in some places at the base in southeastern Michigan,

Excepting the soutleastern part of Michigan were the Rogers City is absent,
the Dundee is divided into two formations., The Rogers City has a typical dark
colored brownish buff dolomitic limestone or dolomite at the base and is as much as
125 feet thick where it is best developed. The underlying Dundee formation re-
stricted, consists typically of buff ard light brown lime stone, becoming more dolo=
mitic and possibly even containing some anhydrite in the lower part in western
Michigans

Porous zones which contain oil and gas are in both the Dundee and Rogers City
and may be anywhere from the top to 150 feet below the top of the Dundee-Rogers City.
Porosity was caused by solution cavities in the limestone and dclomite including
cavities produced by dissolved fossils and corals and stylolitic zones. Important
occurrences of oil and gas are also found in both primary and secondary dolomite
porosity, Some of the dolomitization that produced the reservoir rocks of narrow
producing belts in northeastern Michigan is thought to be caused by ascending water
rising along faults or fracture zones, Such zones of porosity are in the upper part
of the Rogers City formation in areas where the common porosity zones in the Dundeew
Rogers City sequence is 130 feet or more below the bvase of the overlying Bell shale,
The porous producing zoncs of the Dundee are similar in character to those of the
Rogers City, tut are probably less dolomitic,

The Traverse group consists of gray to buff limestone, gray shaly limestone
and shale, Many of the limestone bteds are cherty, fossiliferous, and contain abune
dant corals and large coral reef structures and bioherms, In western Michigan some
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nhydritie is found in the lower part. where the Traverse is thickest the top 50
o0 100 feet is predominantly shale, and the approximately lower 200 feet shale and
thaly limestone.

The Traverse group in the outcrop areas in Alpena and Presque Isle Counties was
riginally subdivided into four units, in asgending order; the Bell shale, the Long
ake limestone, the Alpena limestone, and the Thunder Bay limestone, The Bell shele
srmation at the base of the Traverse group is a characteristic gray, soft shale
wving several fossiliferous zones at the base. It outcrops in Alpena and Presque
sle Counties and along Black River about four miles north of Tower, Cheboygan
sunty, It thins into southwestern Michigan but varies from 30 to 80 feet in thick-
:ss8, the usual thickness is from 60 to 70 feet, The BR:1l shele is overlain by the
sckport Quarry limestone. The former Long Lake limestone stratigraphic sequence
1 northeastern Michigan is now subdivided in ascending order into the Ferron Point
srmation, Genshaw fomation, and the Newton Creek limestone. The characteristic
lack Killians limestone member at the top of the Genshaw may be a formation as it is

mappable unit found in the northeastern and north central Michigan sections. In
srth central Michigan the Newton Creek limestone is named Koehler limestone. The

me Alpena limestone is still retained for northeastern Michigan with the Dock
creet clay in the upper part. In the outcrop area of the little Traverse Bay region
n northwestern Michigan rocks equivalent to the Alpena are named Gravel Point for-
wation or Gravel Point stage. As now subdivided from more detailed work in the
aorthern part of the Southern Peninsula, the upper unit of the Traverse group in
northeastern Michigan includes in ascending order the Four-Mile-Dam limestone,
lorway Point formation, Potter Farm formation, Thunder Bay limestone and Squaw Bay
limestone, In the outcrop area in northern central Michigan the upper unit is kncwn
‘s the Beebe School formation and in the Little Traverse Bay region in northwestern
Jdchigan it is subdivided into Charlevoix stage and Petoskey formtion.

A porous zone which may contain oil and gas is nearly everywhere mear the top

)f the Traverse, 1In eastern Michigan this zone is commonly in the Squaw Bay, but
'n southwestern Michigan it is lower in the section, The porous zone may be in
lolomite, cherty dolomite, or re-worked coralline materials. Inwestern and south-
estern Michigan it is in the top of the "Traverse limetone" and in rocks possibly
f Thunder Bay age. Overlying the "Traverse limestone" in this area is a shale

nd shaly limestone sequence that varies from L0 to 70 feet in thickness, that has
sen called the "Traverse formation", These rocks are in the basal part of the
1trim., Porous zones containing oil and gas are also in the Alpena limestone in
yme areas. In western Michigan a porous zone from 100 to 200 feet ahbove the base
? the Traverse is known as the "Lower Traverse Pay",

Upper Devonian and Basal Mississippian

The rocks occupying the stratigraphic interval from the top of the Traverse,
f Hamilton (Devonian) age, to the base of the Coldwater shale of Kinderhook
Iississippian) age, include the Antrim, Ellsworth and Surbury shales in western
ichigan and the Antrim shale, Bedford-Berea sandstones and shales, and the Sunbury
hale in eastern Michigan, The names Bedford-Berea and Sunbury are used in Michigan
or rocks lithologically similar to and occupying the same stratigraphic position
s formations so named from outcrops in Ohio, These rocks are not continuous from
hio to Michigan, and no paleontological evidence has becn found which definitely
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establishes that the age of the Michigan and Ohio units is the same. The question
regarding the correlation of these units between the two areas is pertly due to the
absence of surface outcrops of the Bedford-Berea or the Sunbury in the Michigan
Basin, The maximum interval from the Traverse to the base of the Coldweter shale is
a little over 950 feet in northern Lake County and sauthern Wexford County, Michigan,

The Antrim underlies the Southern Peninsula of Michigen from Charlevoix, Che-
boygan, Montmorency and Alpena Ceunties at the north, southward as far as Pulaski,
Fulton, Whitely, and Allen Counties in northern Indi:na, Paulding, Henry and Lucas
Counties in northwestern Ohio, and eastward under Kent, Lambton, Middlesex, and
Elgin Ceunties in Ontario, Canada, The Antrim is essentially black carbonaceous
shale with several thin gray shale members in the lower part and is characterized
by an atundance of spore cases reported as Sporangites hurcnensis, It contains
pyrite, disseminated end in concretions, and large anthraconite concretions in
various places, Apparently the Antrim lies on the eroded Traverse limestone surface
in the western and southwestern parts of the State, but elsewhere the contact
appears to be conformeble. The greenish gray Ellsworth shale of the western half
of Michigan overlying the black shale of the antrim is contemporancous with and ine
terfingers with the upper Antrim of central and eastern Michizan. The Devonian-
Mississippian boundary has been placed at different positions in the Antrim-Ellsworth
sequence by various workers but gemsrally the upper part of the intrim is considered
Mississippian in age. Further data are needed to establish the Devonian-Mississippian
contact in Michigan. The Ellsworth is grecnish-gray dolomitic shale with Sporangites
huronesis common near the zone of interfingering with Antrim shale, However, west of
this area of interfingering Sporangites are rare., As the Antrim and Ellsworth are
known to be contemporancous and the lewer boundary of the Ellsworth is gradational
with the Antrim it is impossible at this time to give a maximum thickness of either
of these formations, Together they have a thickness of 920 feet in northern Lake
County and southern Wexford County, Michigan. The source of the Ellsworth sediments
was very likely from the Wisconsin area, west of the Michigan basin,

The Antrim shale contains quantities of "shale gas" in the southeastern, north-
eastern, and north central part of the State., However, it has not been developed as
an important producer of gas in Michigan,

The Bedford and Berea cannot be satisfactorily subdivided in the subsurface,
These rocks consist of gray shale, sandy shale, siltstone, and sandstone, and lie
conformably on the Antrim, From the Bedford-Berea pinch-out line approximately
north and south near the center of the Southern Peninsula of Michigan these sedi-
ments thicken eastward at the rate of about 100 feet in 25 miles to a maximum
thickness of 325 feet in northern Huron County., The lower half of the section is
essentially composed of gray shale and sandy shalej the upper half contains fine-
grained sandstone and varying amounts of gray shale ard siltstone.

0il and gas are produced from the Berea sandstone in a few fields in eastern
Michigan in Arenac, Bay, Midlend and Saginaw Counties. The Berea sandstone has not
been one of the important oil and gas producing formations of the State. In western
Michigan commercial gas production was obtained from the so-called "Berea" dolomite
at the top of the Ellsworth shale in fields in Maskegon, Ottawa and Kent Counties,
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The Sunbury shale is 2 black shale less carbonaceous than the Antrim and lack-
ing the abundance of spore cases so characteristic of the Antrim, It overlies the
Bedford-Berea, the Antrim or the Ellsworth in different parts of the State. It
pinches out in Allegan, Barry, Kalamazoo and St. Joseph Counties and is absent in
Berrien, Cass, and Van Buren Counties, Michigan, The Sunbury extends a short dis-
tance into the Steuben County of northeastern Indiana ard Williams and Fulton
Counties of northwestern Ohio, Over most of the central part of Michigan the Sunbury
rarely exceeds LO feet in tiickness, tut in eastern Michigan it thickens rapidly
from approximately LO feet from a north-south line extending through central Tuscola
County to 140 feet in eastern Huron County along Lake Huron,

Mississippian

The Mississippian rocks of Michigan are rocks of Lower Mississippian age. The
formations above the Sunbury shale are the Coldwater shale, Marshall sandstone,
Michigan shale, dolomite and anhydrite and the Bayport limestone in ascending order,

The Coldwater is blue to greenish gray shale with subordinate thin lenses and
beds of dolomite, sandstone, and siltstone. It is from 500 fo 1100 feet thicke
In the central part of the Michigan Basin the average thickness is 1050 feet, The
Coldwater shale is widely distributed im the southern part of the Southern Peninsula
of Michigan from Otsego County southward into Indiana und Ohio.

This section of gray shale has several persistent beds which are easily recog=
nized: near the base of the formation the "Coldwater Red Rock" unit is easily
recognized over a large area and has more than one bed of red rock in the western
part of the State. It grades from a non-calcareocus shale to a shale having increase
ing amounts of calcium carbonate and magresium carborate into a crystalline lime-
stone and dolomite that ranges from a few feet to about 30 to LO feet in thickness.
The shale above the "Red Rock" can be divided into two facies. In the western part
of the Michigan Basin it is predominantly gray shale with numerous beds of gray to
brown dolomite which are very fossiliferous in places, The "Coldwater Lime", about
20 to 30 feet thick, an impure dolomite with a speckled or "salt and pepper" ap-
pearance, is one of the best recognized cazlcareous beds. It is well represented in
the western and southwestern part of the State., The speckled appearnace is due to
darker colored grains of dolomite and grains of glauconite. Beds of gray to brown
dolomite that grade to dolomitic shale are in the section, Brown sideritic material,
which may be drilled up concretions, is observed in well cuttings and in large con-
cretions in the outcrop. The eastern facies is gray shule with subordinate amounts
of siltstone and sandstone, The shale in the upper part of the formation is pre-
dominantly red in color, which mekes it practically impossible to determine the base
of the overlying Marshall formation and suggests that the base of the Marshall is
transitional with the upper Coldwater formation, The red sandstone and siltstone
are best represented in Huron, Genesee, Saginaw and the surrounding counties.

The Marshall foarmation consists of gray to pincto red sandstone that ranges
from coarse grained to very fine grained sandstone and siltstone having high per-
centages of dolomite as cementing materials, The thickness of the formation ranges
from 100 to LOO fecet; the average thickness is about 275 feet in the Central Basin
area, The Marshall is in the central part of the Southern Peninsula and 1s absent
in the northern and southern parts of the State due to non-deposition and erosion
in the north and to erosion in the south, It is the oldest Paleozoic formation en-
tirely within the boundary of Michigan.
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The lower part of the formation is characterized by sandstones ccrmmonly red in
color. The sandstone, which is cemented with varying amounts of dolomite, is very
shaly and dolomitic! near the base. In eastern Michigan where it is difficult to
distinbuish the lower part of the Marshall from the underlying Coldwater in the subw=
surface, coarse grained sandstones and conglomerates of Coldwater-lower Marshall age
are common,

The upper part of the Marshall, the Napoleon sandstone, is commnnly white to
gray in coler and is coarser grained than the lower Marshall., In some areas it is
pink and red. The top or upper part is very shaly and dolemitic and produces gas
in several fields in the Central Basin area where it is known as the "Michigan
Stray sandstonel,

The Michigan formation consists of dark gray shale, sypsum, dolomite and lime=
stone with some sandstone, In areal distribution it covers the central part of the
Southern Peninsula, about LO percent of the Michigan Basin. The thickness ranges
from a few feet to about 500 feet with an average of about 350 feet. The lower part
of the Michigan averages about 110 feet thick ard consists of dolemite, shale, sand-
stone and a subordinate amount of gypsum. This unit includes all rocks from the top
of the "Brown dolomite" to the top of the Marshall sandstone, The "Erown dolomite"
is a persistent and easily recognized bed of wide distribition,

The upper part of the Michigan is characterized by an abundance of gray to pink
gypsum., In some places as much as L0 percent of the rock sequence 1s gypsum.

Lying unconformably above the eroded Michigan and unconformably below the thick
black shale of Pennsylvanian age is a section of sandstone, limestone and dolomite
of Meramecian age -- the yourngest Mississippian rocks of the Michigan Basin, These
rocks, which are from a few feet to about 300 feet thick, can be divided into four
parts in the Central Basin area, The basal part is about 30 feet thick and consists
of a tan to brown dolomite or limestone, sandy in parts, which is usually correlated
with the Bayport or Point Au Gres limestone that crops out in the Saginaw Bay area.
Above the basal dolomite are gray to white sandstone beds composed of medium, angular
to sub-angular quartz grains, The sandstone and the underlying dolomite or limestone
is recorded in some well logs as "Parma-Bayport" although the Parma sandstone as de=-
fined at the outcrop is of Pottsville age.

Overlying the YParma-Bayport" is a gray to green to red shale with interbedded
thin stringers of sandy dolomite, The thickness of this shale unit ranges from 50
to 300 feet., Above the shale unit is a gray limestone about 30 to 50 feet thick
which occurs in most of the Central Basin area. Tre rocks above the Bayport lime-
stone which do not crop out at the surface have received little attention from the
subsurface workers in the State.

Pennsylvanian

The Pennsylvanian system occupies an area of about 11.000 square miles in the
central part of the Michigan structural basin, I% 1s exposed at few places in this
area, The principal exposures are near Jackson, Grand Ledge, Williamston, Corunna
and Owosso, Subsurface information has been obtained from many mines located prin-
cipally in Tuscola, Saginaw and Bay Counties. Wells which were drilled in search
of brine and oil in the cemtral part of the basin penetrate the Pennsylvanian and
indiate a maximum thickness of about 550 feet,



The system is commonly separated into four division which, in order from oldest
to youngest, are Parma sandstone, Saginaw group, Grand River group and "Red Beds",

The type locality of the Parma sandstone is northeast of Parma, a village eight
miles west of Jackson, and it is exposed in outcrops of small areal extent as far
northwest as section 2, Sheridan township, Calhoun County four miles north of Albion,
The formation is a clean white sandstone which unconformably overlies tle Bayport
limestone, Sandstone of similar character, and apparently similar stratigraphie
position, is also exposed in Rifle River east of Omer, Arenac County., Between these
widely separated localities, occurrences of white sandstone at the base of the Sagi-
naw are reported in wells. It appears likely that as a result of the pre-Saginaw
erosien, the basal beds of the Saginaw may commonly be in contact with Mississippian
sandstone, In the absence of easily recognized Mississippian beds, the detemination
of white sandstone as Parma, or pre-Parma is in doubt,

The Saginaw group consists predominantly of clastic sediments with a small
amount of coal and limestone, The best exposures are in the vicinity of Grand Ledge,
Eaton County, Michigan., At this locality the sediments may be subdivided into
seven quclothems. The cyclothems in this area and in other areas in Michigan are
characteristically incomplete., Typical of the cyclothems of Michigan is the Grand
Ledge cyclothem, which overlies a plastic black "Lingula" shale and consists of
irregularly laminated sandy shale and shaly sandstone, overlain by a hard fine tex-
tured under clay. The under clay is overlian by coal, above which are the basal
bteds of a ynunger cyclothem.

The surfaces between the successive cyclothems are commonly irregular and some
of the inter-cyclothem unconformities in the Grand Ledge area are known to have a
relief of 25 feet in a horizontal distance of about 100 feet, Exploration for coal
near Chester, Mason, Williamston and Corunna has shown inter-cyclothem unconformities
similar to the one at Grand ledge. The maps of several mines in the Saginaw area
suggest accumulation of coal in valleys existing in Pennsylvanian time., The con-
ditions for deposition appear to have been interrupted frequently by erosion,

The detailed lithology of the different members of the Saginaw can be summarized
briefly. The sandstone beds are commonly argillaceous, fine grained with considerable
mica on the bedding plames. The heavy mirerals in the sandstone are relatively few
in number, the principal ones are tourmalines and zircen. The lithology of the shale
beds varies considerably. Included in the Saginaw are black plastic shale members of
marine origin, which contain little or no gritty material. Much of the light colored
shale is epparently of terrestrial origin as indicated by the common presence of
plant remains. The plants are fragmental and are commonly on the bedding planes of
the shale slthough some are in clay ironstone layers. The coal seams, in general,
are thin, The thickest seam observed by the writer is four feet thick and is very
restricted in its distribution. The coal is classified as bituminous, and commonly
nas a high sulphur content.

Only one limestone bed has been observed in the Saginaw which was named == the
Verne limestone which was found in the Verne mine southwest of Saginaw, Michigan,
It is nowhere more than a few feet thick and is black, highly argillaceous and
grades upwzrd into a calcareous shale. Fossils are relatively scarce, but include
rare forms; the total faunal 1ist has about fifty species. The common forms include
the coral, Lophophyllidium, the brachiopods, Derbya crassa, Dictyoclostus morrowensis,
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the snails, Worthenia and Macrochilina, and the cephalopod, Pseudorthoceras. Fossils
and samples of the rock collected and saved from the Verne limestone in the Verne
nine are identical with those fossils found at Grand ledge. Between the two localie
ties the fauna has been recognized in limestone exposures at Flushing, Slx-Mile

Jreek near Owosso, and Williamston. The limestone 1s upper Pottsville in age and

its fauna is more closely related to the fauna of the Pottsville in Illinois than

to fauna oi the same age in Ohio., The Verne limestone affords some interesting ine
Pormation on the structure of the Pennsylvanian system of Michigan as the plotted
ylevations of the outcrop areas suggest that the Seginaw formatiun conforms, at

least in part, with folds in the Michigan Basin,

The Grand River group includes coarse grained sandstone and associated shales
ind lignitic coal exposed in three widely separated localities in Jackson, Eaton
ind Jonia Counties,

The oldest unit is known as the Woodville sandstone, Exposures of this sand-
stone have not been seen in place, but fragments found on the dumps of abandoned
‘ines in the wicinity of the original Woodville mire, suggest an outlier of post-
_aginaw beds.

The Eaton sandstone, which is the upper massive sandstone exposed at Grand Ledge
ls irregular in occurrence and may have been continuous with the Woodville sandstone.
o definite evidence as yet establishes this correlation. The lower boundary of
the Eaton sandstone is very irregular, The sandstone cccupies channels cut into
shale and sandstone of the Saginaw group. The basal member is conglomeratic, and
~ontains angular blocks derived principally from the unerlying Saginaw. Quartzite
~ebbles, derived either from the pre-Cambrian to the north in Ontario or from the
quartzite pebbles in the eroded conglomerates of the Marshall formetion, occur
sparsely at the base of the Eaton, Pennsylvanian plant remains are found in the
saton. The Eaton sandstone is characteristically c ross-bedded, and consists of
quartz grains of distinctly coarser texture than quartz grains in the underlying
Saginaw, Argillaceous material is present in minor amounts, and persistent beds of
shale are absent., Mica is present, but is less common than in the Saginaw. Heavy
minerals include tourmaline and zircon.

The Tonia sandstone is exposed in abandoned quarries in the valley of Grand
River between Tonia and Lyons, Ionia County. The sandstone is cross-bedded, slightly
rgillaceous, and weathers to deep red and purple colors. Heavy minzrals include
sircon, tourmaline, and less commonly, garnet.

The same type of sandstone has been found in water wells in Clinton County. It
s probable that future systematic sampling will show that the Eaton is a brown
sathering facies of the Ionia. No paleontologic data has been fourd to establish
he age of the Ionia,

The descriptive term "Red Beds" is used for red colored rocks including gypsum
nich are encountered in several wells in the central part of the Michigan Basin.
ney do not outcrop at the surface and a diversity of vicws on the origin of the
Red Beds" is held, Some geologists believe that they are of glacial origin, and
hat they were secondarily derived from the erosion of the gypsum beds of the Michie
an series, In recent years systematic sampling of water wells in the cemtral part
f the basin indicates that the "Red Beds®™ are not of glacial origin but represent
ed-rock of post-Ionia age, which may belong in the Permian system,
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The only oil and gas productien from Pennsylvanian rocks in Michiganw as from
the Parma sandstone in southeastern Gratiot County but it was of little importance.

0il Production
More than 99 percent of the crude oil produced in Michigan to January 1, 19L8,
has been from limestones and dolemites of Devonian age. The Dundee and Rogers City
have produced 68 percenmt of the oil, the Traverse 19 percent and the Detroit River
12 percent., The remainder of the 0il produced in the States was from the ™Michigan
Stray" and Berea sandstones of Lower Mississippian age and the Trenton limestone of
Middle Ordovician age.

The important Dundee producing area of the State is in the Central Basin area,
Dundee fields produce at depths ranging from 2000 feet to 3900 feet, O0il recovery
from 20 representative fields with sufficient production to be significant is from
2100 to 8500 barrels of oil per acre, The average oil recovery from the Dundee is
probably about L4500 barrels per acre.

Three important fields, North Adams and Deep River in western Arenac County
and Pinconning in northern Bay County produce from very porous dolomite in the upper
part of the Rogers City limestcne, Production in these fields is along narrow strips
where there is secondary dolomitization of the Rogers City. As of January 1, 19L8,
the North Adams field, which was discovered in 1940, has produced 7,659,870 barrels
of oil from L10 acres or nearly 19,000 barrels per acre. The Deep River field, dis=
covered in 19LlL, had produced 7,L7€,60L barrels from 1010 acres or 7106 barrels per
acre., It is expected that the ultimate receovery per acre in the Deep River field
will approach that of the North Adams field. The Pinconning field, discovered in
19k, was extended late in 19L7 by a second well and the field is being further
developed, As of January 1, 1948, the discovery well had produced more than 100,000
barrels of oil,

The most important Traverse producing area of the State is in southwestern
Michigan, however, scattered areas of production are found in the Central Basin area
and in western Michigan (Fig. 1). O0il recovery in 15 representative Traverse fields
in southwes*ern Michigan has been between 1000 and L500 barrels per acre with an
average of about 1800 tarrels. These fields produce at depths ranging between 1000
and 2000 feet.

The Headquarters field in Roscommon and Clare Counties, discovered in 1941, is
the most important Traverse field in the Central Besin area. The fisld includes
about 1600 acres and had produced by January 1, 1948, L,189 btarrels per acre. Depth
to the pay, which occurs 90 to 100 feet relow the top of the Traverse, averages
about 3380 feet,

The Detroit River, which is growing in importance as a producing formation in
Michigan had produced nine percent of the crude oil in Michigan to January 1, 1946,
but by January 1, 1948, this percentage had increased to 12 percent,

The Reed City field,.ore of the most important fields in Michigan producing
from the Detroit River, was discovered in 1940 and as of January 1, 1948, it had



produced 3L,626,329 barrels of oil, 32,091,329 barrels of which was from tlre "Reed
City pay" zone in the upper 30 feet of the Detroit River, kecovery from this "pay"
has been almost 6100 barrels per acre, Other Detroit River fields which are pro-
ducing from the basal part of the formation are not developed enough to provide
adequate figures regarding possible recoveries.

It is apparent from the rather widely spaced area of production and showings
of 03l in the Detroit River that the entire sechiion is potenbially productive where
porosity, permeability and steuciure are favorable,
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The above summary accompanies a geologic cross.section of the Southern Penine
sula of Michigan prepared under the auspices of the Michigan Geological Society for
the Paleozoic District Cummittee for the Eazstern Imterior, Commitiee on Geologic
Names and Correlations, american association of Peitroleum Geolcgists,

Usuage of geologic vames excepiing Bass Island conforms to the Lexicon of Geo-
logic Names of the United States, Bull. 896, 1938, Names such as Trempealeau, Cabot
Head, Manitoulin and othsrs have been accepted by the U. 5. Geological Survey since
publication of the Lexison. Bass Island (for Bass Islands) and names of Silurian,
Devonian, and Pennsylvania formations proposed since 1938 are accepted by the
Michigan Geological Society.

Edited by:
George V. Cohee, U, S, Geological Survey, Ann Arbor, Michigan; and
Helen M, Martin, Michigan Geological Survey Division, Lansing, Michigan

June 6, 19L8
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