STRUCTURE AND STRATIGRAPHY OF THE
TRAVERSE GROUP IN THE LANSING AREA,

MICHIGAN

Thests for the Degree of M. S
MICHIGAN STATE UNIVERSITY

L.ewis Allan Gustafson

1960






STRUCTURE AND STRATIGRAPHY OF THE TRAVERSE

GROUP IN THE LANSING AREA, MICHIGAN

Ly

Lewls Allan Gustafson

AN ABSTRACT

Submitted to the College of Sclence and Arts of Michigan
State Unlversity 1in partial fulflllment of
the requirements for the degree of

MASTER OF SCIENCE

Department of Geology

1960

Approved:




LEWIS ALLAN GUSTAFSON ABSTRACT

The ILansing area 1includes Ingham County, Eaton County,
Clinton County, the east half of Ionia County and'the west
half of Shilawassee County. This area has seen little
drilling activity 1n the last two decades. Yet, the
Traverse group which underlies the Lansing area, at rela-
tively shallow depths, has Lkeen productive in other parts
of the state.

The purpose of thils 1nvestigation was to survey the
Traverse group in the Lansing area to determine its petro-
leum possibllities, and descrike the structural and
stratigraphic conditions.

Due to the absence of Traverse outcrops in the Lansing
area 1t was necessary to gather 1nformat1§n from lithologic
1ogs.and well samples of the 163 wells which have reached
the Traverse group.

The Traverse group underlies most of the Lower Penin-
sula of Michigan. It 1s composed of limestone, calcareous
shale, dolomite, and chert. In the Lansing area the Traverse
group 1s at depths ranging from 420 feet to 1840 feet below
sea level, with a thickness which varies from 300 feet in
the south part to 450 feet 1n the north part of the area.

It dips generally to the north at less than one-half of one
degree.

Traverse stratigraphy in the Lansing area can be

descrlbed best by dividing the Traverse group into
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lithologic unilts. From bottom to top these are: basal
shale zone, gray-brown limestone, buff limestone, gray-
cherty limestone, and "Traverse formation." "Traverse
formation" 1s a term which refers to the transition zone
between the Traverse limestone and the Antrim shale above.
Three large structures are present 1in the Traverse
rocks of the Lansing area. These are the northwest trending
Howell anticline, a high structure trending northeast across
Eaton County, and a northwest trending trough across Clinton
County. |
No structural or stratigraphlc traps were dlscovered
by this investigation. However, porous horlzons which
could serve as reservolr rocks exlst within the upper part
of the Traverse group. Also, hilgh structures are present
in the Lansing area and should closure be found on these
structures there 1s a falr chance that they would contain

petroleum.
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INTRODUCTION

General Information

Lansing, Michigan, 1s located eighty-five mlles west-
northwest of Detrolt in the south central portion of the
Lower Peninsula. The Lansing area, as deflned in this
investigation, includes Ingham County, Eaton County, Clinton
County, the east half of Ionia County, and the west half of
Shiawassee County (Figure 1).

This area 1s well developed and populated. Lansing
with a population of 110,000 people 1s the largest indus-
trial city in the area. Farm lands occupy almost all of
the area. The average farm 1s aktout 60 acres. Michigan
was surveyed into townships, ranges, and sections, with
the state retalning the right to place roads on all section
lines. Consequently, there are secondary roads, gravel or
macacdam, on most section lines. A very gooé highway net
covers the area.

Average elevation 1s approximately 800 feet above
sea level and ranges from 650 feet to 950 feet. Low gently
rolling hills with intervening flat lands dominate the
landscape. Maximum rellef at any particular location does
not exceed 200 feet. The Lansing area was glaclated during

the Plelstocene and displays moraines, eskers, and outwash
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plains. Drainage 1s falr, although there are some small
swamps located throughout the area. Soll trafficablility is
usually good.

Rainfall in Michigan averages about 30 1nches per
year. The climate 1is moderate for Michlgan's latitude due
to the proximity of the Great lLakes. Yearly temperature
averages about 45 degrees. Trees are confined to woodlots,

along rivers, and on unmanageable soll.

Purpose of Investligation

The purpose of this investigation 1s to survey the
Traverse group 1n the Lansing area with the Ilntent of
examining the structure and stratligraphy, and definlng any

possible structure which may have accumulated petroleum.

Drilling Activity

Drilling activity started in this area before the
turn of the century and progressed very slowly untll the
01l boom of the 1930's. At that time the area recelved a
great increase 1n drilling which subsequently declined to
what 1t 1s today, practically nothing. Approximately 163
wells have reached or penetrated the Traverse group 1in the
Lansing area up to the time of this investigation (Plate 1).
Some production has been galned from the Traverse within
this area. Most of the wells in the Lansing area were

drilled by the cable tool method.



Rock Exposures

Rock exposures are practically non-existant and
Traverse rocks are not exposed within the Lansing area.
The Traverse group 1s exposed 1n three outecrop areas and
several quarries 1in the northern Lower Peninsula. Outcrop
areas are in the Alpena, Grand Traverse Bay, and Little

Traverse Bay regions (Figure 1).

Conduct of Investigation

Due to the absence of exposures in the Lansling area
this investigation was conducted entirely from subsurface
records and samples. Sample logs of 163 wells which pene-
trated or reached any part of the Traverse were examined
and correlated on the basls of lithologlc similarity, con-
tinulty, and stratigraphic position.

In addition, samples from 30 wells were examined
megascopicly and samples from 6 wells were examined with
the blnocular microscope. Correlation proved difficult
between many wells due to poor sampling, recording, and
extreme variation in the Traverse rocks over short dis-
tances. The maps accompanyling this study were drawn with a
contour interval of 25 feet. This allowed for inaccuracies
arising from depth measurements, correlation, poor sampling,

and poor recording.



REGIONAL STRATIGRAPHY

General

The distinctlion between Traverse rocks and other
Michigan strata was recognized as early as 1841. C. C.
Douglass (Geological Reports of Douglass Houghton, 1928,

p. 579) named these beds, in thelr northwestern occurrences,
"Little Traverse Bay limestones." Winchell (1871, p. 28)
renamed them "Little Traverse group." Still later the

name was simplified by Dr. Lane (1895, p. 24) to "Traverse
group." The latter nomenclature remains today.

The name Traverse group 1s assigned to a serles of
limestones, shales, and shaly limestones, with dolomite,
dolomitic limestone, and chert, of secondary importance.
The texture of the limestone varies from lithographic to
coarse crystalline to fragmental.

Traverse rocks are exposed on the western shoreline
of the northern Lower Peninsula in the Grand‘Traverse Bay
and the Little Traverse Bay region (Figure 1). They are
also exposed on the eastern side of the northern Lower
Peninsula, in the Alpena and Thunder Bay region (Figure 1).
In addlition to these natural outcrops the Traverse group
has been exposed by quarry operations in the same general

area.



"Saucer shaped" 1s a term which has been used to des-

cribe rock units in the Michigan basin. This description
also applies to the general aspect of the Traverse group.
The rim of the Traverse saucer forms a circle of bedrock
within the basin. This rim passes through the Michigan
outcrop area, southwestern Ontario, northwestern Ohio,
northern Indiana, Lake Michigan, and eastern Wisconsin.
In the southeast, the Traverse group 1s malnly shale and
relatively thin, 60 feet in Ontario, and 50 feet in Ohio
(Pohl, 1929, pp. 30-31). In the northwest, 1t is mainly
limestone, 500 to 800 feet thick.

Pohl (1929, p. 33) has placed the Traverse group of
Ontarlo between the Onondaga and the Hamllton. Actually,
post-Onondaga pre-Moscow, wlith ILudlowville and Skaneateles
times represented by an unconformity. This unconformity
1s directly above the Thunder Bay formation (Flgure 2).
Warthin and Cooper (1943, pp. 578-595) belileve the forma-
tions of the Traverse group below the Norway Polnt to be
equivalent to Hamilton strata in New York, and those above
to be in the upper Devonian (Figure 2).

Numerous workers have described and divided the
Traverse group of Michigan. Three generally accepted
divisions are shown in Flgure 2. Shown also 1s the strictly
lithologlic subsurface division of Traverse rocks 1in the
Central Michigan area by Hake and Maebius (1938, pp. 451-

457). The units and descriptions below in ascending order,
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from the Alpena type locallty, are mainly those of Warthin
and Cooper (1943, pp. 578-595).

Bell Shale

The Bell shale 1is the lowest unit of the Traverse
group. It 1s separated from the Rogers Clty and Dundee
formations below by an unconformity (Newcombe, 1930). The
Bell has a thickness of 60 to 80 feet in the northern Lower
Peninsula, over 200 feet in the central Michlgan area, and
thins to the south and west (Newcombe, 1933, p. 45). It
is absent in the extreme southwestern countiles.

The Bell 1s a blue-gray calcareous shale. When 1t
forms a thick deposit the Bell becomes dark and non-
calareous at 1ts base. It 1s correlated with the middle

of the Skaneateles formation.

Rockport Quarry Limestone

This unit 18 represented, in its type locality, by 50
feet of gray and brown limestone. The Rockport Quarry
becomes limy shale in central Michlgan and dolomitic gray
limestone in northwestern Michigan (Hake and Maeblus, 1938,
p. 452).

Ferron Polnt Formation

Gray calcafeous shale and arglllaceous limestone
occupy the position above the Rockport Quarry. The Ferron
Point totals 37 feet 1n exposure. Possibly, the Silica

shale of Ohlo corresponds to this formation.



Genshaw Formation

The Genshaw 1s gray shale and arglllaceous limestone
totaling 116 feet. At its top 1t contains the Killian
member which i1s a 23 foot layer of black to dark gray llme-
stone with thin black shale partings.

Equivalence of the Ferron Point and Genshaw formations
to the "middle shale and limestone unit" of Hake and Maebius
i1s suggested (Hake and Maebius, 1938, p. 452). To the west
the Ferron Point and Genshaw formations become massive lime-

Stone and dolomite (Hake and Maebius, 1938, p. 453).

Newton Creek Limestone

This limestone 1s dark brown, crystalline, and has a
thickness in its type locality of 25 feet. It was distin-
gulshed from the llimestone above and below on faunal evidence

alone.

Alpena Limestone

The Alpena 1s 79 feet thick in the type locality. It
1s a pure limestone, usually white, light brown, or light
gray, and contalns bioherms and tiostromes. Porosity 1s
greater In this limestone than the other units. This fact
1s due to the fossll materlal and lime sands assoclated

with the organlc structures.

Four Mile Dam Formation

This 1s a variable bted of brownish gray limestone or
shale from 8 to 14 feet thick. It 1s btelieved to correspond

to the Centerfield of New York.
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Norway Point Formatlon

The Norway Point 1s the yocungest Michigan formation
with "definite Hamilton affinities" (Warthin and Cooper,
1943, p. 583). It is represented by 45 feet of tluish gray

shale ancd gray llimestone.

Potter Farm Formation

The Potter Farm Formation 1is 68 to T4 feet of gray or
brown limestone with some thin shale layers, 1n the type

locality.

Thunder Bay Limestone

The Thunder Bay 1s 13 feet of gray shale and lime-
stone. This formation and the Potter Farm are probakbly
equivalent to the Petoskey (Pohl, 1929, p. 5 ) of western

Michilgan.

Squaw Bay

This 1s considered the upper-most bed of the Traverse
group. It 1s probably equivalent to the Genundewa lime-
stone of New York. The Squaw Bay 1s traceatbtle over much of
Michigan and in the type locality shows 8 feet of trown
crystalline limestone or dolomitic limestone.

Above the Squaw Bay is a transition zone of gray cal-
careous shale. Thls zone varies greatly over small distances.
The relatlonship between this shale and the overlying beds
1s not well understood. Kirkham (1932, pp. 136-137) has
suggested the possibility of an unconformity at the top of

the Traverse.



LOCAL STRATIGRAPHY

General

The Traverse group in the Lansing area 1s composed of
limestone, shale, chert, and dolomite (Figures 3, 4, and
Plate 2). Minor amounts of pyrite and gypsum also have been
encountered. In general, the Traverse dips to the north at
a rate of less than one-half of one degree and thins to
the south by about 150 feet (Plates 2, 3, 4, and £). Total
accumulation of Traverse sedlments 1n the extreme north of
the area are in the order of 4EO feet and in the south, 300
feet. This thinning seems to be distributed among the
various lithologic units which are described below, with
the exception of the "Traverse formation." '"Traverse form-
ation" 1s a term which does not necessarily follow the
scheme of geologic nomenclature, but has been usefully
applied to the transition zone between the Traverse lime-
stone and the overlying Antrim shale (Plate 2).

Division bf the Traverse group into unilts can te
accomplished by examlnation of samples and well logs. How-
ever, the boundaries between some units are indistinct due
to the type of information used. Necessarlly, these
divisions are apparent as observed 1in samples and not
absolute, as would be observed 1in outcrops. No attempt has

been made 1n thils Investigatlion to correlate the 1individual
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Figure 3.
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lithologic units of the Traverse group 1n the Lanslng area
to the described units in the outcrop area since 1t was not

deemed critical to the study.

Dundee-Traverse Unconformlty

The stratigraphy of the Traverse group begins with
what appears to be an unconformity (Newcombe, 1930). This
unconformity 1is between the btase of the Traverse group and
the underlying Dundee ané Rogers City (Plate 6). How far
i1t extends 1nto the Lansing area i1s not known. However, 1t
probably 1s present throughout the entlire area.

No direct evidence has been dlscovered to prove the
existence of this unconformity in the Lansing area. However,
some facts tend to point toward thls assumption. Primary
among these 1s the fact that the water horizons of the
Dundee are not always at the same Interval below the basal
Traverse shale zone. Some water horlzons are at times
missing completely (Newcombe, 1933, p. 195). 1Indicative
also 1s the fact that different lithology 1s sometimes en-
countered directly btelow the basal shale zone. There seems
to be no transitlion zone or interfingering between the
Traverse and Dundee. These conditlions would not ke 1likely
to occur 1in a conformable series of strata. The time span

represented bty thils unconformity has not been determined.

Basal Shale Zone

Cohee (1947) belleves that the Bell shale 1s absent

Southwest of a northwest-southeast line across Clinton
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County. However, there 1s a calcareous shale which goes
further south and 1s foundé in several layers, but always i1n
the lower part of the Traverse (Plate 5). Therefore, the
name basal Traverse shale zone would perhaps be more appro-
priate than the name Bell shale.

The btasal shale 1is light gray, dark gray, or bluish
gray. It has filsslle structure although not too well devel-
oped. The rock is calcareous and may contailn fossils and
pyrite. One of the distinctive characteristics of this
shale 1s 1ts tendency to change to a mud while belng drilled
and a light gray powder when dry. Because of thls it 1is
sometimes washed out of--or lost in--the sample collection.

The basal shale 1s a complicated deposit. In general,
it thins from over 100 feet in the northeast to nothing in
the southwest. Specifically, 1t changes 1in thickness a
substantial amount between closely spaced wells. For example,
well #145 has gone through an accumulation of 79 feet of
shale. Well #146, located one and a half miles east of #1145,
haé penetrated only 23 feet; well #144, a little over two
miles north of #146, has penetrated 13 feet of shale. The
thinning between these wells 1s contrary to the direction
of regional thinning.

The basal shale zone usually comprises three layers,
or less, of shale separated by limestone or shaly limestone.
In the northeast part of the Lansing area the shale occurs
In one or two relatively thick layers. In Ingham County it

usually 1s in two layers, each in the order of 15 feet thick,
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separated by about 50 feet of limestone. Of the 5 wells 1n
Eaton County which have reached the lower Traverse, well
#156 found a 16 foot layer of shale while the others found
only traces of shale. 1In Ionla County the shale zone seems
to be one or two layers close together totaling 30 feet,
but variations can be found anywhere. Clinton County wells
show two or three layers in the southern part, but agaln
variations are common.

Many factors combine to make the shale deposit in the
basal shale zone difficult to interpret. Already mentioned
is the fact that the shale can be lost durlng sample col-
lectlon. The unconformity below may have left an undulating
surface on the Dundee limestone; the associated low areas
may have been filled with a greater thickness of shale than
the surrounding high areas. No correlation has been observed
between the thickness of the Dundee and the thickness of the
shale accumulation. Further complicating the deposit 1s the
probablllity that the shale laterally changes to limestone
in the Lansing area. This may have created inter-tonguing
and unequal distributlon. 1In additlon to these factors
there 1s the possibllity that varlation of currents and
source areas affected the deposition of shale in the Lansing

area.

Gray-brown Limestone

Directly above the basal shale zone and interlayered

with 1t, 1s an arglllaceous limestone. 1Its color varies
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from gray to brown, but it is usually gray-brown. This
limestone may contain chert, fossils, and thin layers of
shale, It also variles from fine and coarse crystalline to
fragmental. Quartz gralns have been reported throughout
this part of the Traverse section 1n Ionia County.

The gray-brown limestone tends to be gray and arglll-
aceous 1n the eastern half of the Lansing area, but brown
and not as argllliaceous in the western half. Because this
corresponds to the thinning of the basal shale, 1t 1s inter-
preted as representing the lateral varliatlion or faciles
change from shale east of the lLansling area to pure carbon-
ates west of thils area.

The gray-brown limestone 1s the largest slngle unilt
in the Traverse sectlon. In the extreme south of the
Lansing area it 1s about 100 feet thick, in the northwest,

about 200 feet, and 1n the northeast, 150 feet.

Buff Limestone

Above the gray-brown limestone, and separated from
1t in certain places by a thin shale layer, 1s the relatively
pure buff limestone. This horizon, on the average, 1is
about 80 feet thick and easily recognized in the south half
of the Lansing area. It 1s also recognized 1n some wells
of the north half, but 1n others becomes gray and difficult
to distingulsh from the limestone above and below. The buff
limestone 1s not composed entirely of buff colored limestone,

but is a comblnation of white, buff, tan, light brown, and
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gray limestone layers. There appears to be a gray-brown

zone in the center of the buff. Thils gray-brown zone becomes
better developed in northern Clinton County and splits the
buff lime into two parts.

The buff limestone horizon may contain dolomite,
weathered or fresh chert, fosslls, coralllne material,
quartz gralns, fragmental limestone, and fine or coarse
crysﬁalline limestone. The most persistant salt water
horlzon of the Traverse group 1s found at the top or near
the top of the buff limestone. Porosity causing this 1s
probably of the vuggy type, which 1s readlly observed in

the samples.

Gray Cherty Limestone

Above the buff limestone 1s a sectlion of gray or gray-
brown limestone. This unit 1s of varying thickness but
usually amounts to 50 feet. Like the other unlts described
1t 1s really a serles of thin limestone layers of varying
color and crystalline characteristics. It may 1n places
carry dolomite, pyrite, and traces of shale. By far, the
most dlstinctive characteristic of the gray limestone 1s
1ts consistency in carrying large amounts of chert. Although
chert 1s common in the other units, thls horizon usually
contains a larger proportion and is the first encountered
in the Traverse with substantial amounts. An unusual but
Interesting example is well #32 (Plate 2), which penetrated
31 feet of mainly gray and light brown chert. Infrequently,

sale water 1s found 1n this section of the Traverse.
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Traverse Formation

Above the gray cherty limestone and interlayered with
it 1s gray calareous shale. Thls shale has many of the
same llthologlc characterlistlics as the basal shale. Lime-
stone, dolomite, or dolomitic limestone are 1lnterlayered
with thils deposit and the shale may glve way almost entirely
to limestone 1in certain localities. Thils calareous shale,
and assoclated limestone and dolomite, continues upward and
appears to be Interlayered with the black non-calcareous
Antrim shale above.

The Traverse formation 1s the most complicated section
of the Traverse group. It should be divided 1into three
separate parts, as 1t usually 1s seen in ﬁhe samples.
Directly above the gray cherty limestone 1s gray shale.
Above this gray shale 1s a persistant bed of brown, tan,
buff, or brown-gray limestone, dolomite, or dolomitic lime-
stone. Thils bed frequently contalns salt water and 1s some-
times called the Squaw Bay in well logs. Between this
carbonate and the overlying Antrim shale 1s another zone of
gray calcareous shale.

These three dilvisions comprise the Traverse formation.
Limestone, dolomite, or black shale layers may be found
among the three dlvislons complicating the above simplifi-
catlon. Any dlvision may disappear or become too thin to
be noticed. The Traverse formation varies greatly 1in

thickness from well to well, but 1s usually between 10 and
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100 feet thick. It 1s doubtful if any one division by

1tself would be over 50 feet thlck.

No evldence has been discovered to support the thought

of an unconformity in this part of the Traverse section.

Traverse Formation in Eaton County

In Eaton County the Traverse formation takes on a dif-
ferent aspect than that already mentioned. Here the thick-
ness of sediments between the Traverse limestone and
definite Antrim shale 1s usually 100 feet. Normal upward
sequence of beds in the Traverse formation as previously
mentloned was gray calcareous shale, dolomitlc brown, or
gray-brown limestone (usually correlated with the Squaw Bay),
gray calcareous shale, and then typical black Antrim shale.
In contrast, the wells in Eaton County show, for the same
Interval, approximately 20 feet of black and dark gray
shale, 40 feet of gray-brown shaly limestone, 30 feet of
black shale, 10 feet of gray dolomitic shale, and then
typical Antrim shale.

The simplest explanation for this apparent change 1n
the Traverse formation would be that the normal gray cal-
careous shales have become black or dark in Eaton County
and the "Squaw Bay" limestone has become thick and shaly.
However, careful examination of well logs of the Lansing
and surrounding area indicates differently. Proceeding west
and southwest of Eaton County the 40 foot section of gray-

brown shaly limestone becomes less shaly. Proceeding east
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and northeast of Eaton County the same limestone becomes
thinner and eventually goes unnoticed in wellvlogs. In
Ingham County well #145 the Eaton County sequence overlies
the normal Traverse formation sequence. Here the upward
succession 1s 2 feet gray calcareous shale, 9 feet brown
éolomitic limestone (Squaﬁ Bay?), 19 feet black or brown
shale (Antrim?), 7 feet gray-brown shaly limestone, 63 feet
brown shale, and 8 feet gray dolomite. The Eaton County
sequence can be traced throughout most of the Lansing area,
even though the 1ncluded limestone layer 1s quite thin.
This sequence is usually placed in the basal part of the
Antrim formation.

A tongue of Traverse formation coming from the west
and pinchling out to the east in Antrim shale seems to be
the logical conclusion concerning the above relationship
(Figure 5). This was proposed by Cohee (1947). Hake and
Maebius (1938, p. 457) believe that the Traverse-Antrim
transition zone of western Michlgan corresponds in stratl-

graphlc position to Antrim shale in eastern Michlgan.



REGIONAL STRUCTURE

The Lansing area 1s in the south central portion of
the Michigan basin. The Michigan basin 1s surrounded by
positive structural elements which have been intermittently
active throughout the Paleozoic. To the southeast 1s the
Findlay arch and to the southwest 1s the Kankakee arch. The
Wisconsin highland is to the northwest and the Laurentian
highland 1s to the northeast. Most Michlgan strata dip
away from these reglonal structures and thicken toward the
center of the basin (Plate 7).

Traverse rocks form a saucer structure in the Michigan
basin with the northern rim much thicker than the southern
rim. Top of the Traverse group reaches a depth of about
2300 feet below sea level 1In central Michigan. The main
axes of subsidence during Traverse time were in the northern
Lower Peninsula with a northwest trend (Newcombe, 1933, p.
108). Newcombe (1930, pp. 734-735) belleves that the
Traverse strata overlap successively older rocks to the
southwest.

Folding has occurred in Traverse rocks as well as
other Paleozolc sediments of the Michigan basin. This
folding takes the form of asymmetrical anticlines, troughs,
terraces, domes, structural noses, and bending of strata

over reef structures. It ranges from the smallest imaginable
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to as large as that exemplifled by the Howell anticline
which extends for more than 50 miles. Causes of the folding
are numerous. Most 1mportant are reglonal stresses, deep
seated faulting, vertical compaction, solutlon, and reef
effects (Newcombe, 1933, pp. 113-120).

Michigan folds can be classified into four groups
based on direction. The most prominent direction 1is
northwest-southeast. Other directions are northeast-
southwest, north-south, and east-west (Newcombe, 1933, p.
116). The folds everywhere seem to plunge toward the center
of the basin. This indicates, perhaps, that the folds are
mainly the result of deep seated faulting rather than the
Girect result of laterally transmitted forces.

Periods of folding for Michigan rocks are difficult
to determine. 1In general, most of the folds which affect
the Traverse group appear to have begun by the middle
Devonian and to have continued at least until the Applachlan
revolution. Every disturbance, major or minor, close
enough to be felt in Michigan, probably accentuated the
development of these folds (Newcombe, 1933, pp. 94-95).



LOCAL STRUCTURE

General

Traverse rocks 1In the Lansing area form a deposit
which dips generally northward and thickens from about
300 feet to 450 feet, also northward. The top of the
Traverse group ranges from 420 feet below sea level in T5N,
R2E, to 1840 feet below sea level in T8N, R5W.

A comparison between Plate 3 (top of the Traverse
limestone), and Plate 6 (base of the Traverse group) shows
the Traverse group to have almost exactly the same struc-
tures as the underlyling rocks. Structures 1n Plate 3 are
more detalled than those 1n Plate 6, due to the increase in
well data. When Plates 3 and 6 are compared to Plate 4
(thickness of Traverse limestone), a relationship is seen
to exlst between high structures and thinning of the
Traverse limestone.

Traverse high structures and thinning may have resulted
from one or more of three causes: vertlcal compaction of
Traverse sedlments over pre-existing topography during and
after Traverse time, buckling of beds during Traverse sedil-
mentation, post Traverse folding and thinning of beds at
the crest of folds. Traverse structures were probably the
result of all of the above causes and began forming during

Traverse time. That there was erosion of the pre-Traverse



(Dundee) surface 1s generally accepted (Newcombe, 1930).
Newcombe (1933, p. 95) belleves that this erosion along
wlth contemporaneous folding resulted 1n Traverse folds

which were later accentuated by other period of folding.

Howell-Owosso Antilcline

Traverse rocks of the Lansing area contaln many struc-
tures. The most prominent of these 1s that which 1s shown
on the northeast edge of the map (Plate 3). This 1is the
"north extension" of the Howell anticline (Newcombe, 1933,
p. 259). The Howell-Owosso anticline trends northwest-
southeast in Livingston County and enters Ingham County and
Shiawassee County in T4N, R2E, and TS5N, R2E. It then plunges
a few degrees west of north.

The western dip off the north extension 1s two degrees,
at a minimum, between Shlawassee County wells #134 and #135.
The actual dip 1s probably somewhat greater. Off the crest
the dip becomes north and northeast at about one-half of
one degree. In general, the north extension appears to be
the west edge of a tilted block which 1s raised on the south-
west and dips to the northeast. The trend of this structure
is seen to continue wilth a lessenling of dip north and off
the map. Newcombe (1933, Plate III) has suggested that the
north extension along with the maln anticline in Livingston
County may be faulted.

There 1s a northwest-southeast high trend across the

northeast part of Clinton County (Plate 3). This trend is
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in perfect allnement with the southern or main part of the
Howell-Owosso anticline which trends northeast-southwest
across Livingston County (Newcombe, 1933, p. 206).

On the extreme southeast edge of Plate 3 there appears
a structure which 1s not well defined and which lies malnly
in the southwestern Livingston County and northwestern
Washtenaw County. This structure seems to have a north-
south trend and é steep western dlp. If thls is true then
this structure 1s 1in general alignment with the north
extenslion of the Howell-Owosso anticlline and quite similar
to 1¢t.

Further to the south 1in northwestern Ohio the Bowling
Green fault (Carman and Stout, 1934, p. 521) ané its associ-
ated monocline, which enter southeastern Michigan (Newcombe,
1933, Figure 40), have a steep western dip and trend a few
degrees west of north. The Bowling Green fault, the struc-
ture 1n northwestern Washtenaw County, and the north exten-
sion of the Howell-Owesso anticline are 1n general alignment
with and similar to one another.

It appears that there are two distinct zones of faulting
or folding, one trending a few degrees west of north and the
other trending northwest. The intersection of the two has
produced the sharp change in direction of the Howell-Owosso
anticline from northwest to north. Newcombe (1933, p. 206)
has suggested that the north extension of the Howell-Owosso
anticline may not be directly related to the southern part

of the Howell-Owosso antlcline.
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The Eaton County High Trend

Trending from the southwest corner to the northeast
corner of Eaton County there 1s a "high" which 1s defined
by several wells (Plate 3). The possible existence of this
structure was surmised in 1912 (Smith, 1912, p. 158) when
the Delta well (#151) was compared'to the Charlotte well
(#158). This structure in Eaton County appears to be a fold
which plunges toward the northeast. The eastern dip off the
fold 1s steeper than the northern dip on the northwestern
flank. Exact location of the crest i1s difficult to deter-
mine from the sparse data avallable, but 1t appears to run
from the Charlotte well to the Delta well. The direction
of this structure agrees closely with one of the major
directions of folding in the Michigan basin (Newcombe, 1933,
p. 117). No closure has been found on this structure.

The remainder of Eaton County 1is clear of folds,

based on informatlion presently avallable.

Ingham County Structures

Little can be Inferred about the structures of Ingham
County from Plate 3, due to the lack of well data. The dip
1s generally north at less than one-half of one degree. The
eastern half of the county has a northwest dip. One well,
#150, seems higher than expected and may be part of a large
structure. The Howell anticline enters the extreme north-
east corner of Ingham County from Livingston County. Con-

figuration of the Traverse rocks 1In the southeastern most
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townshlp of Ingham County 1s 1in questlion, but well data 1n
Livingston County indicate a structure Just east of the

Ingham County line.

Clinton County Trough

The main structural feature 1n Clinton County 1s the
trough which extends from the northwest to the southeast.
Thls trough 1s distingulshed by a lessening of northward dilp.
Center of the trough dips northward at about seven minutes
of angle. It 1s bounded on the northeast by the northwest-
southeast trending high which 1s aligned with the Howell
anticline. The trough 1is bounded on the southwest by the
greater normal dilp of Eaton and southern Ionla Countiles.
The Clinton County trough diminishes 1n width as Ingham
County 1s approached on the south, where the dlp becomes
greater. Contlnuation of the trough with a change of
directlion to southwest may parallel the Eaton County high

trend on its eastern side.

Ionlia County

No structures are shown 1In southeastern Ionia County
by Plate 3. The dip here 1s northeast at less than one-half
of one degree. Northeastern Ionila County and northwestern
Clinton County have had much drilling activity. The Traverse
limestone surface 1s quite 1rregular 1in this area. However,
there seems to be two north-south high trends paralleling
each other, but separated by the Ionla-Clinton County line.

These trends are shown best by Plates 4 and 6.



GEOLOGIC HISTORY

The history of the Traverse group begins with the
Dundee unconformity. At this time the land surface was
undergoing erosion and slight folding (Newcombe, 1933, p.95).

As the water level rose and the Traverse sea spread
southward a cléstic mud was distributed and lald down as the
first Traverse deposit. Thls sedlment later became lithofled
to a calcareous shale. The basal shale zone 1s represented
in the Lansing area by a maximum of 100 feet of Traverse
rock.

As could be expected of a wave distributed sediment on
a low but undulating surface 1t thins and thickens irregu-
larly (see Local Stratigraphy). The shale changes laterally
westward to an argillaceous limestone (Plate 2) indicating
that the source area was to the east. The Lansing area
appears to have been on the western fringe of shale deposi-
tion, consequently the shale deposit 1is interrupted by
limestone layers.

These limestone layers within the basal shale zone may
be due to westward advance and eastward retreat of the area
of shale depositlion. They may equally as well be due to
currents which deposited the shale 1n lobes. The lobes may

or may not have covered the same area as before. Well logs
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report sometimes one, sometimes several layers of shale in
the basal zone.

Finally, the clastic source could not supply enough
sediment to form shale in the lLansing area. The area of
shale deposition moved further east and northeast closer
to the source. Lime deposition, which was active 1n the
west, then began to dominate sedimentation in the Lansing
area. Clastics were still arriving, however, at least in
Clinton, Shilawassee, and Ingham Counties, but only with
enough influence to cause the lime-muds to be argilllaceous
in places. This limestone together wlth the underlying
shale zone compose the lower half of the Traverse sectlon.
Lime deposition was prevalent in the Lansing area during
most of Traverse time.

Shale deposition must have retreated still further
as the arglllaceous character of the lime-muds disappeared
1n all but the northern part of Clinton County. The record
of this period of time consists of light colored pure lime-
Stone, chert, fragmental limestone, coralline material, and
dolomite (whether primary or secondary is not clear). This
Sectlon of the Traverse group represents a time during
Sedimentation when the sea was shallow, the water was rela-
tively calm, and the highlands were low or far away. A
Persistant water horizon occurs at the top of thils zone.
This porosity probably origlnated iIn fragmental llimestone

W1 th recrystallization and secondary dolomitization modifying

1t somewhat.
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After a period of clean limestone deposition the water
again began transporting argillaceous material into the
Lansing area., Thils clastic materlial was back to stay for
the rest of the Devonlan time. The record shows argillaceous
limestone above the clean limestone, and calcareous shale
above the argillaceous limestone. W1lthin the calcareous
shale are layers of limestone. One of these 1s wldespread
and relatively pure, although rather thin. It testifles
to the interruption of shale deposition for a short period.
Above the gray calcareous shale 1s the black, non-calcareous
shale of the Antrim formation.

The base of the Antrim and the top of the Traverse
appear to be intertongued in the western half of the Lansing
area. Therefore, the upper Traverse beds in the west may be
equivalent to the lower Antrim in eastern Michigan. An un-
conformity 1s believed by Kirkham (1932, pp. 136-137) to be
located at the top of the Traverse group.

The ages of folding in Traverse rocks can not be deter-
mined by this investigation. Newcombe (1933, p. 95) believes
there was folding during the Dundee-Rogers City erosion
I1nterval and later folding along the same structures during
Post-Traverse perlods. Thinning in Plate 4 indicates that
f'olding was proceeding while Traverse sediments were being
laid down. The Howell anticline in Livingston County began
to fold and fault during Coldwater time, according to

K1 1lborne (1947, p. 21). A different age may be possible

for the "north extension.”



PETROLEUM POSSIBILITIES IN THE LANSING AREA

General
When considering the petroleum possibllltles of the

Traverse group 1n the Lansling area certailn facts are evlident.
These facts are as follows: the Traverse group 1s productive
in other parts of the state, oll 1s present in the Traverse
group 1n the northwest corner of the Lanslng area, the sequ-
ence of rocks in Central Michigan (a productive region) 1s
the same as those in the Lansing area, Traverse strata are
thinner 1n the Lansling area than the Central Michigan region.
Only the last fact mentioned 1is detrimental to the likehood
of o0ll belng present in the Lansling area. Thils last fact

1s not considered too important. Traverse rocks 1in the
Muskegon oll fleld, of approximately the same thickness as
those in the Lansing area, produced oil.

Another consideration which 1s important in determining
the o011 possibilities of an area is the presence of reservoir
rocks. A reservolr rock 1s present in the Traverse of the
Lansing area in the form of the persistent water horizon of
the Buff limestone. This porous zone 1s usually several
feet thick. Quilte frequently it causes a well hole full of
Wa ter, indicating that the porous zone transmits the

€Xpected hydrostatic pressure and probably ranges as far as

One of its surface exposures. However, not all wells have
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found porosity at this horizon. Some wells recelved less
than a hole full of water. This lessening of permeability
may have been caused by an origlnal lack of permeabllity,
cementation at the time of deposition, or chemical actlon
after consolidation. No relationship was seen to exist
between Traverse structure and permeability in this water
horizon. Other possible reservolr rocks indicated by water
zones are the Gray Cherty limestone and the limestone of
the "Traverse formation." Also, possible reservoirs might
be found in the Traverse 1n the form of reefs, fractured
rock, or layers of a fragmental texture.

Since there 1s the possibility of both petroleum and
reservolr rocks beilng in the Traverse of the Lansing area
the only conslderation remalning 1s that of favorable struc-
tures. The possibllity of favorable structures being 1in
the area 1s falr. However, no traps elther stratigraphic
or structural have been defined by this investigation.
Several structures are of interest for future exploration

or investigation.

Eaton County High Trend

The structure 1n Eaton County, whlch trends northeast-
southwest across probably the entire county, 1s a prime
exploration target. This structure 1s asymmetrical with
the southeastern dlp greater than the northwestern dip. The
crest 1s narrow in comparison to length. It plunges north-

east and shows no closure along 1ts length. However, 1if



35

closure should be found thils structure would become a
possible trap.

Two gas shows and a ralnbow of oll have been reported
from different wells in the area of the high trend. All
shows have been at different horizons. No shows were
reported from well #158 which seems to be near the crest of
the anticline.

Thinning of the Traverse and succeeding formations
over this structure Indicate that 1t began during or prilor

to Traverse time.

North Extension of the Howell-Owosso Antlcline

More Information 1is needed before much can be sald or
interpreted about thils structure. Its plunge 1is slightly
west of north. The western limb of thils structure dips west
at a rate of at least 2 degrees. The age of this part of
the Howell anticline and 1ts cause are unanswered questions.

No closure has been found on this structure. However,
closely spaced wells may bring out irregularities along the
crest, much the same as that in T7N, R2E. Here well #131
shows a reversal of the normal dip. Well #132 discovered a
small accumulation of oll. If the north-extension has been
created by faults which extend into Traverse rocks, such
faults may have caused traps to form. If these faults do
not extend into Traverse but are at depﬁh, then the extension
of thelr fault planes Into Traverse rocks may locate porous

zones.
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Clinton County Extension of the Howell Antlcline

This structure trends northwest-southeast across the
northeast corner of Clinton County. By 1its location and
direction 1t appears to be related to the Howell anticline.
The Clinton County extension 1s broad 1n relation to its
length. No closure has been found on thils structure.

Six wells all within approximately three miles of each
other have had shows of o0ll on thils structure. Two of these
wells have had shows 1In the Dundee formation, as well as 1n
the Traverse. Such an assoclatlion of shows strongly suggest
the possibility of an oll trap somewhere in this vicinity.

If not 1n the Traverse, then perhaps in the Dundee.

Northwestern Corner of the Lansing Area

Three small but commercial oll pools have been found
in this corner of the Lansing area. All seem to be con-
trolled by structural and porosity conditions. Pay zones
are In the Cherty limestone. Some Dundee production has
been found 1n this area also.

A great amount of drilling activity has taken place
in thls northwest corner. Structural conditlions at the top
of the Traverse are very irregular and compllicated. Plates
4 and 6 show the general structural picture. Two highs
paralleling each other extend northward. One 1s cn the
Clinton side and one 1s on the Ionla slde of thelr mutual
county line. Compactlion over Dundee structures and uneven

compaction due to varylng sediments has probably caused the
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Traverse surface to be uneven and 1irregular. 011 has been
trapped 1n these minor high structures where porosity was
good. This 1s exemplified by the three o1l pools 1in thils
area. Simllar irregularities at the top of the Traverse

are probably present throughout the Lansing area.

Clinton County Trough

The Clinton County trough and 1ts southwest extenslon
into Ingham and Eaton Counties can be consldered an area of
posslible petroleum traps. It 1s unlikely that the top of
the Traverse could dip evenly at seven minutes of angle.
Very llkely there are high and low 1lrregularitles in the
trough area, just as there are 1nlthe northwest corner. 1In
the trough area l1little height 1s necessary to galn closure.

Few shows of oll or gas have been reported from the trough.

Stratigraphic Traps

Many shows of oll in the Lansing area occur at the
base of the Antrim or the top of the "Traverse formation."
These shows occur in rock which 1s usually brown dolomite
or dolomitic limestone. They appear to be caused by
porosity traps and not by structural traps.

The o1l shows might also be caused by minor inter-
fingering at the base of the Antrim, where brown dolomitic
limestone layers, from the Traverse, pinch out in the

Antrim shale above.



CONCLUSIONS AND RECOMMENDATIONS

The Traverse group in the Lansing area can be dilvided
into several lithologilc units. These units are from bottom
to top: basal shale zone, gray-brown limestone, buff lime-
stone, gray-cherty limestone, and "Traverse formation."
"Traverse formation" can be divided into three parts: lower
gray shale, brown dolomitic limestone, and upper gray shale.

These units are present throughout the Lansing area,
wlth the exceptlon of the basal shale zone which thilns to
the southwest and 1s missing in parts of Eaton County. All
units except the "Traverse formation" thin to the south or
southwest. The "Traverse formation" appears to thin eastward.

The dip of the Traverse group 1n the Lansing area 1is
generally to the north, but in the eastern part of the area
the dip 1s northwest. In the western part of the area it
1s northeast.

Large structures in the Lansing area 1lnclude the Eaton
County high trend, the north extenslon of the Howell anti-
cline, and the Clinton County trough. The Eaton County high
trend 1s an asymmetrical anticline of nose whilch plunges
northeast. The east limb dips steeper than the west 1imb.
The north extenslion of the Howell anticlline 1is in Shlawassee

County. It 1s an asymmetrical anticline which plunges a few



39

degrees west of north and has a steep western dip. The
eastern flank of thils structure dips northeast. The north
extension may be the result of faulting. The Clinton County
trough 1s a syncllinal structure. It 1s wide 1n northern
Clinton County and narrows down to the southeast as 1t
approaches Ingham County. From northwest Ingham County this
trough extends southwest across Eaton County. The Clinton
County trough dips more gently to the north than the sur-
rounding area.

Closely spaced wells show the top of the Traverse
limestone to be 1lrregular wlith small domes, noses, and other
structures.

It 1s reasonable to bellieve that there are petroleum
traps in the lLansing area. However, no traps were located
by this 1Investigation. Several structures or areas are of
Interest for future exploratlion and investigation. These
are: the Eaton County high trend, the north extension of
the Howell anticline, the Clinton County extension of the
Howell anticline, the undefined structure 1n central Ingham
County, the undefined structure in southeastern Ingham
County and southwestern Llvingston County, and the entire

Clinton County trough.



EXPLANATION OF PLATES 2, 3, 4, 5, and 6

Plate 2--Well Log Correlation

This drawlng was constructed to 1llustrate the thick-
ness and southward thinning of the Traverse group. It also
shows the relatlonship between the Traverse group and the
‘Antrim shale. Between the Traverse llmestone and the base
of the Antrim shale 1s a transition zone composed of inter-
calated calcareous shale and limestone.

Cross section A-C shows the absence of the basal shale
zone (Bell shale?). Wells #153 and #115 contain shaly lime-
stone in the interval which corresponds to the basal shale
zone of other wells. The same relatlonship occurs in wells
#32 and #65 of cross sectlion A-B. This 1introduces the ques-
tion of whether the basal shale 1s absence due to latteral

gradation and facles change.

Plate 3--Structural Contour Map of the Traverse Limestone

Top of the Traverse limestone was used for a marker
horizon In the construction of this map. The top of the
Traverse limestone 1is theiupper limit of reservoir rock.

All rock above 1s shale wlth the exception of the Squaw

Bay and thin carbonate layers 1n the base of the Antrim,
which are difflcult to correlate. Top of the Traverse lime-
stone 1s usually reported 1In well logs which otherwlse gilve

a minimum of information.



41

A 25 foot contour interval was used to allow for in-
accuracles arising from depth measurements, correlation,
poor sampling, and poor recording. The greatest lnaccuracy
1s the means of location the top of the Traverse limestone.
The llimestone grades upward into shale, so the top of the
Traverse limestone must be placed at that point below which
there 1s no signiflcant amount of shale.

In the Eaton County area the top of the Traverse 1is
overlain by shale and also a significant amount of limestone
(see Local Stratigraphy). When‘the top of this limestone 1s
mapped the structure 1s found to be essentially the same as
that shown 1n Plate 3.

The steep slope on the southwest side of the Howell
anticline may indicate a fault, rather than the limb of a

fold as shown.

Plate 4--Isopach Map of the Traverse Limestone

A contour interval of 50 feet was used in constructing
this map. Most of the high trends seen on Plate 3 and
Plate 6 are represented on Plate 4 as areas where the
Traverse 18 thin. The north extenslon of the Howell-Owosso
antlcline 1s not clearly represented on thls map. However,
there 1s a lack of data of thls area; faulting or abnormal
dips may have complicated the existing data.

Too much reliance should not be placed on the 1lsopach
lines 1in the south half of Plate 4. Sufficient data was not

obtained. 1Isopach lines in T5N, R2W, and T5N, R1W, are in
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question. If the base of the lower shale zone 1s placed
higher in the Travers<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>