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INTROUUCTION

Reef limestones are becoming increasingly important to the petroleum
geologist and present interesting problems in stratigraphy. Iwenhofel,
(1949, p. 61) suggests that future exploration for o0il in the United States
and Canada will place much emphasis on the finding and development of oil-
bearing reefs. The organie structures imown as reefs have been built
somewhere in every geologic period since the beginning of the Huronian.
During Paleozic time many such reefs were formed in the areas of our pre-
sent mid-western states. This is particularly true for the Silurian and
Devonian periods.

As early as 1901, A. W. Grabau (1903, p. 340), reported reefs in the
Traverse Group (Middle Devonian) of Michigan. His account was based on
observations in the Traverse outcrop area in the northern part of the
Lower Peninsule, specifically, in the vicinities of Alpena, Charlevoix
and Petoskey (Fig. 1). |

Grabau's diagram of an Alpena reef (1913, p. 427), however, leaves
some doubt as to what he actually saw and to what he inferred to be
present.

80 far as the writer is aware, the subsurface ococurrence of reefs in
the drift-covered part of Michigan has never been substantiated. In
Central Michigan, Hake and Maebius (1938, p. 454) interpret several thick
zones of dense, even-textured, light-colored limestone as reefs but their
observations, based on lithology alone, are insufficient to establish the
sones as reefs.

Records of wells in Southwestern Michigan make frequent reference to

reef-like material in samples, and much of the o0il production in this



Michigan area is believed to be from reef reservoirs. This belief how-
ever remains unproven due largely to a paucity of information.

0il companies are oonstantly studying their oil reservoirs, to most
efficiently extract the oil. The reef-like producing sones are studied
as any other, but are not necessarily examined for reef oriteria, due to
tims limitations, as has been done in this investigation.

This thesis is a report of research and laboratory study of sub-
surface "reefs" in the Traverse Group of Michigan with emphasis on the
Pentwater 0il Field of Oceana and Mason Counties (Fig. 1)« When possible,
examinations were made at Michigan State College but additional time was
spent in the Gulf and Carter laboratories examining samples and electric

logs not available for loan.

PURPOSE Or THE STUDY
* The purpose of the investigation is to examine the Traverse Group in
the Pentwater Field, where a possible reef structure exists, to search
partioularly for reef criteria, and to cite other areas in the same strati-
graphiec horiszon where similar conditions are likely to occur. A comparison
with known reef producing fields outside of Michigan is also mede.

The s tudy is timely and should prove of economic value in view of
recent interest for Traverse production in Western Michigan by major oil
companies. Kimball Lake, Newago County, Pentwater and Stoney Lake, Oceana
County, are termed reef-like producing pools in company reports submitted
to the michigan Geological Survey. To establish or disprove these porous
sones as Devonian reefs would be of consequence to the producer as well
a8 to the student of stratigraphy. If the porous zones prove to be reefs,
& pattern should be expected that would serve as a guide in future explora-

tion.



It is hoped this study may serve as a step toward further research

on the problem.

VEFANITION OF REEF

The frequent use of reef in this paper warrants a slight digression
to clarify the often misused term.

According to Twenhofel (1949, p. 61), a reef represents a deposit
that is meinly of organic erigin and has been built upward at a more
rapid rate than the contemporaneous sediments deposited about its margins.
He recognizes two types of reef building organisms: (1) those that build
the framework of the core (colonial corals, algae and sponges, some
orinoids), end (2) those which fill the space within the framework (non-
colonial algse, corals, sponges, mollusks, brachiopods, bryoszoans and
fora.mkifara). He adds that ancient reefs were mostly in the form of iso-
lated ridges of somewhat limited dimension and unlike modern reefs of
great length and limited width and should be sought in every great cal-
careous formtion.

Cumings (1932, p. 337) defines the reef core as follows:

"A ridge-like, mound-like or tower-like unstratified mass
made up of fragments of organisms, embedded in a matrix of
triturated and macerated sand and mud; and often so completely
diagenized and dolomitized that most of the original organie
structures have been destroyed."

He continues, "It has & massive, rough and porous, often
cavernous or loose appearance and usually a pronounced
vertiocal cleavage or jointing. In composition it is either
& pure carbonate of lime or dolomite. In fact, any unbedded
pure calcareous roock with minute insoluble residue mey be
suspeoted of being reef rock.”

Cumings and Shrock, (1932, pe. 333), working with Silurian reefs of

Northern indians, introduced the term bioherm for organie accumulations

having the conventional form and intermal structure of a reef, and bio-



strome for stratified organiec accumulations which are not in the form of
mounds or ridges and do not have noteworthy differences in thickmess from
mgﬁl accumulations. Specifically, they suggest the use of bioherm for
reef-like, mound-like, lens-like or otherwise circumscribed structures of
strictly organic origin, embedded in rocks of different origin.

The above defined terms are seldom used by petroleum geologists.
They prefer the descriptive term "build up® to denote the form of a bio-
hern. |

In writing about the Alpena outcrop area, Warthin and Cooper, (1943,
p. 586) explain bioherms by the following paragraph:

"During the time of deposition of the upper part of
the Alpena Limestone conditions still favored the
growth of corals and stromatoporoids, but this growth
did not prooeed evenly over the entire bottom. 1In
areas of limited extent the organisms grew in abun-
dance and to large size, but otherwise the colonies
were few and small. The cause of this condition is
not definitely lmown. A slight deepening of the water
may have killed off all but a few scattered coloniles
which were able to survive and grow upward into their
customary depth. A slight shoaling of the water might
produce the same effect, the increased wave action
destroying many of the colonies and burying others be-
neath debris. Whatever the cause, it fostered growth
of the colonies in scattered groups, producing small
knobs on the sea floor. Each knob, together with its
immediately flanking sediments, is a bioherm, and the
aggregation of knobs is probably best called a reef.
It has not been demonstrated, however, that the plat-
form on which the knobs grew was actually raised above
the general sea bottom, as is usual in present day
reefs.

Within the core of the bioherm there is no definite
bedding of the limestone, this being obscured by the
Jjumble of coral and stromatoporoid colonies and their
debris. As this material is in the nature of a breccia
it naturally follows that the unbedded core is more
porous than the flanking sediments. This porosity 1is
increased by the abundant natural openings within the
fossils themselves."

Two descriptive terms, detrital and lithographic, are used in



referring to the character of encountered limestones. Rice (1949,

p. 103) defines detrital rock as a rock made up of the debris of other
rock. According to Van Ingen (p. 6), lithographic limestone is fine-
grained, homogeneous, conchoidal-fraoturing, pure limsstone, with few

organic remains.

CRITERIA rOR THE IDENTIrICATION OF REEFS
Many criteria have been used for establishing the existence of
subsurface reefs. Notable among these are the following:
(1) Lack of bedding within the reef core.
(2) 1Irregular form of the reef proper.
(3) An existence of a "build up®.
(4) A change in facies of contemporaneous
marginal sediments.
(6) Inoclined flanking strata with well-
defined bedding which grade radially into
the crudely stratified peripheral margins
of the oore.
(6) High porosity of the central core, the re-
sult of fossil voids, its original brecciated
nature and later leaching by percolating waters
which in many cases have favored complete dolo-
mitization.
(7) Abundent fauna of all classes of organisms but
few individuals.
(8) Random orientation of corals in the flank

deposits of the reef.
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Positive evidence for a lack of bedding in Unit Two is not cited be-
cause only two drill cores were aveilable. The lack of bedding in the cores
examined does not preclude the possibility that a study of additiomal cores
might prove or disprove this criterion. Lowenstam (1948, p. 174) in
describing the marine Pool, wmadison County, Illinois, employs this criteriom
and writes that the reef core rocks are massive and lack recognizable bedding.
Layer (1949, p. 692) describes the D=3 zone of vevonian age in the Leduc
rield, Alberta, Csneda, as a uniform, massive, highly porous dolomite with
a complete lack of bedding.

The irregular form of & reef connotates both vertical and lateral ex-
pressions of irregularity. Pentwater's exhibition of this criterion is best
shown in Figure 8. Abrupt vertical changes in all directiomns are noted im
Unit Two from Well 9, functioming as the axis of the drawing. Vertical ir-
regularity is best shown between Wells 9 and 10; 10 and 1l1l; 15 and 16; and
Wells 1 and 2. An approximate slope of three percent between Wells 9 and
10 is noted. Lateral irregularity is shown in rigure 4a where the =920
foot contour approximetely delineates the present producing area of Unit Two.

The Marine Pool reef is expressed on a Silurian isopech map by
Lowenstam (1948, p. 167) as an imsular area of abrupt thickeming, thus
utilizing the "build up" oriterion in his study. Layer (1949, p. §91) finds
it probible that Leduc's p=3 zone thins from 600 feet to 200 feet in & dis-
tance of two and one-half miles, again sugzesting @& "build up". The same
eriterion applies to Unit Two. Figure 8 shows definite thimning in all
directions from Well 9 toward the margins except at Well 13 where the east-

ward extension continues to be structurally high.

Verhoeven (1948, p. 25) cites the presence of a reef in the Afton-
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Onaway area of kichigam as an explanation of the change in facies ef con-
temporaneous sediments. The lagunal deposits are sublithographie, light-
colored, dense and stylolitic limestonme. On what is believed by Verhoeven
(1948, pe. 25) to be the seaward side, the limestome is dark-colored and
detrital in character as a result of wave action upon the reef. Grabau
(1913, pp. 437-442), cites this condition to be true in the Solenhofem
region of Bavaria. An unsuccessful attempt to delineate the Pentwater
Unit Two on the busis of these lithologic changes was made by the writer.
Verhoceven's method remains as a possible attack if adequate marginal wells
are drilled in the Pentwater rield.

Three facies complexes are recognized by Lowenstam (1948, p. 169) in
the warine Pool. Two are regional. A third, eand local facies, is the reef
complex, which, in the pool area entirely replaces the upper regional
facies, and partially the lower regional facies.

Another characteristis of the iarine Pool reef deposits is found in
the bedding relationship. All of the reef-flank beds are inclimed, with
dips ranging from 20° to 45°. Slopes of this magnitude are not found im
Pentwater's Unit Two. The greatest probable slepe in this zone would be im
the vicinity of Well 10 (rig. 8) where a 26-foot vertical thinnimg in a 330-
foot horizontal distance approaches eight percent. (See rig. 4a)

Unit Iwo's high poresity is shown by Figure 9 and is substantiated by
studies of the Gulf Refining Company (1949, Personal Communicatiom). The
porosity appears similiar to that of the Marine Pool which is principally
developed around fossil oavities that were enlarged by solution and along
numerous intersecting fractures. The warine and Pentwater Pools differ be-
cause the sediments in the former are completely dolomitized and are not im

the latter. According to Layer (1949, p. 590), the D-3 zome of the Ledue
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pool is dolomitized with many vugs end intercrystalline porosity and mumerous
open fractures.

rew individuals but many classes of organisms is a criterion of reefs
suggested by Van ingen. However, Lowenstam (1948, p. 174) finds the fossil
constituents of the marine Pool reef facles contrasting sharply in size,
physical appearance, and abundance with those of the normal facies surroun-
ding the reef. Aside from their physiocal appearance the reef fauna can be
recognized in ocuttings by the relative abundance of colonial corals such as

ravosites and Halysites, of stromatoporoids, and of heavy-shelled penta-

meriod brachiopods. This is true to a lesser extent in Unit Two where
stromateporoids and Favosites only can be called abundant.

Lowenstam (19848, p. 174) cites the random orientation of many fossils
in the flank deposits as a diagnostic feature of cores, the dip slope of
the reef flanks commonly being shown by the inclined colonial corals. This
criterion was observed in one Unit Two core but is hesitatingly offered as
positive evidence because core examination was limited.

Cuming's (1932, p. 337) suggestion that any carbonate rock with minute
insoluble residue might be suspected of being reef rock led to an investiga-
tion of all the samples from two wells (Kigs. 10 and 11) by means of insoluble
residues. 1t was thought that such a study might correlate with the graphic
and electric legs and consequently substantiate by a third means the validity
of the unit divisioms.

The Gulf Refining Company's sary Paulsen No. 4 Well (rig. 10) was
selected for its location high on the Unit Two structure; ;he Carter 0il
Company's W. Johnson Noe. 2 Well (Fig. 1l1) for its structurally low positionm.

In general, the method used by Eddy (1933, p. 347-348) was employed in
this investigation. Tests were limited to two grams of sample for each 10

foot vertical imterval. Results are shown by bar graphs (in black) in






Figures 10 and 11.

For control, two samples from ikichigam outerops were tested. One from

a reef of the Alpena rormation left no measurable residue from 20 grams.

The other sample, of detrital erigin, was from the Norway Dam irormation.

The insoluble portion of this sample amounted to 756 percent. The residue was
predominently silicified fragments ef brachiopods; orinoids, and corals, with
a minor portion being clay-sized material conteaining minute pyrite crystals.

Results of these tests of rentwater well cuttings reveal little correla-
tien with electric and graphic logse. No notable difference in the insoluble
residues were detected by examination under the binocular miocroscope despite
their differing structural locatioms.

Unit Two is characterized by less insoluble material than any of the
lithologic zones above or below it. in both wells, the residue was entirely
argillaceous except low in the unit where a slight amount of delicate sili-
ceous aggregate was notede The percentage of imsolubles in the unit varies
from less than one percent to 22.6 percent.

No distinguishable difference is shown by percentage representation in
Units Three and rour. They do differ, however, in the character of their
residue. Unit Three left aggregates of quartz orystals and sub-anguler
quarts grains; Unit Four oontained much light-colored clay with gray te
brownish-gray chert being noted stratigraphically lower in the unit. Unit
Five's insoluble was entirely anhydrite and ren as high as 40 percent of the
total sample.

The stratigraphically highest zone, Unit One, showed im general, a pro-
gressive decrease in percentage residue with depth. Here the residue was
transitional from black shale and pyrite, typicel of overlying beds, to a

light-colored clay and pyrite.



THE PENTWATER FIELD

LOCATION AND EXTENT

The Pentwater 0il Field, (Fige. 1), discovered in May, 1948, is
located two miles northeast of Pentwater village and 12 miles southeast
of Ludington. It is in Secs. 36 and 56, Summit Township, Mason County,
Secs. 1, 2, and 12, Pentwater Township, and Secs. 6, 6, 7, and 8, Weare
Townships, in Oceana County, (Fige 8). Although complete delineation of
the field awaits further development, its present extent is three and
one-fourth miles long and one mile wide. The field trends in a general
northwest-southwast direction as do the majority of Michigan's oil

fields.

HISTORY QF DEVELOPMENT

The Pentwater Field was Michigen's most important 1948 oil dis-
covery in adding new reserves. 1t also helped end a five year period
of declining production. Discovery of this field was made by extensive
test drilling using the Coldwater "redrook" (Fig. 2) of Mississippian
age as the marker bed. May 12, 1948, the Roosevelt 0il Company's mckillean
No. 1, Sec. 6, T.16N., R.17™W. (Fig. 3), produced o0il from the Dundee form-
ation at a depth of 2088 feet to become the field's initiel producer.
Traverse production, was initiated August 4, 1948, with the completion
of the Leon MoMillan No. 3 (Fig. 3) by Augie busk at a depth of 1591
feet. Welsh 0il Company's Dundee completion of the Wright No. 1, Sec. 35,
Tel7N., R.18W. (Fig. 3) at a depth of 2106 feet extended this field one
and one-half miles to the northwest. Activity during the first half of

1949 was to the southeast in Seos. 56 and 8, R.17W., T.16N. (Fig. 3) where



a porous coralline sone, called Unit Two (Fig. 8) in this study, is

proving to be an excellent Traverse reservoir.

STRATIGRAPHY

The term "Traverse Group" as defined by Warthin and Cooper (1943,
P 573), will be used in this study to designate the series of beds from
the bottom of the Bell shale upward to the base of the Antrim black shale.
Warthin and Cooper exclude the transition zone immediately underlying
the Antrim and overlying the "Traverse Limestone".

For purposes of discussion in this thesis, the strata encountered
in the Upper Traverse of the Pentwater Field are divided into five
recognizable lithologioc units. Unit Five is the oldest and is discussed
first since it is the datum used in this paper. All of these units
(Pige 8) are described in the following paragraphs:

Unit Five, a thin bed of massive anhydrite, is used as a datum from

which to build a column and study the structural relationships of all
units. This evaporite facies is suited for the purpose since it suggests
a local period of uniform conditions and its top serves as a time line.
Weaver (1949, Speech) substantiates the soundness of using an evaporite
bed for a datum by stating that evaporites are deposited instantaneously,
geologically speaking, and have no stratigraphic equivalent.

Observed thicknesses vary from 8 to 16 feet and the amhydrite exhibits
slight permeability and an increase of resistivity on the electric log
(Figs. 10 and 11).

Older strata, designated as "underlying beds"™ (Fig. 8), serve mo
function except as & base upon which Unit Pive wes deposited.

Figure 6 is a contour map drawn on the Unit Five top using the data

shown in Teble 1.



Unit Four is dense and detrital in character and exhibits various

shades of gray limestone. Brachiopod fragments have been recognized from
well outtings in this unit. Low permeability and high resistivity on the
electrie log are in sharp contrast to overlying Unit Three and underlying
Unit Five (Figs. 10 and 11).

Unit Four is nearly of uniform thickness, varying from 72 to 85 feet
in examined wells.

Figure 5 is a contour map drawn on the top of Unit Four using the
data of Table 1.

Unit Three is predominantly a coarsely crystalline brown dolomite
but contains some fine-grained high calcium limestone embedding dolomite
"rhombs". The upper contact (Unit Two-Unit Three) cannot be reliably
piocked from all the electric logs and therefore is not used by the writer
for a contouring horizon as was the case in Units Four and Five. However,
a continuous high permeability is noted for the unit with minor permea-
bility and resistivity fluctuations depending perhaps upon the amount of
dolomitization and water. The ococurence and origin of dolomitization
is not within the scope of this paper since the primery study is devoted
to undolomitized Unit Two. Dolomitized units are brought into the study
only as an aid in establishing structural relations above and below Unit
Two.

Unit Two, the major concern of this peper, is a finely crystalline,
buff, stylolitic limestone containing foseils, and exhibiting a high
porosity uncommon in other Michigen o0il fields. In thickness, Unit Two
vearies far more than the other units, from 28 to 79 feet, and is char-
scterized by high permeability and, in general, a low resistivity. The

low resistivity may be attributed to the high water content in all but
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the top few feet of the szone. This is marked even in the structurally
highest wells.

Whether this porous coralline horizorn is a Devonian coral reef or
not has been the subject of much discussion among petroleum geologists.
Since Dundee wells are adjacent to many of those which end in the Tra-
verse, an opportunity for studying underlying beds is offered in the
Pentwater Field which is not offered in other reef-like fields of
Michigan.

Unit Two is the lowest and most prolific of three Traverse oil pays.
The two upper producing zones are in Unit One.

Unit One is an alternating series of dense limestone and dolomitized

limestone zones. Dolomite "rhombs™, embedded in a light-colored calcitiec
limestone matrix appear to be transitional between the two extremes. By
samples and by the electric logs the top of Unit One is readily deter-
mined. The abrupt increases in both curves of the electric log are
particularly characteristic (Fige 10 and 11). The resistivity curve de-
creeses at the bottom contact while little notable chenge is evidenced
in the permeability. A break in lithology between Unite One and Two is
distinctive, the former being normal merine limestone and the latter a
buff coralline limestone.

0il cames from two dolomitized peys in this unit but nome of the
wells meke their proretion of 100 barrels per day.

The shale above Unit One provides a lithologic break which is easy
to recognize at the top of the Unit. The horizon is therefore used for
contouring by the writer as well as company petroleum geologists.

Figures 4a and 4b are contoured on this top, usually referred to as the
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top of the "Traverse Limestone" by Michigan petroleum geologists.

Strata designated as overlying beds (Fig. 8) are a series of gray
shales with a few limy beds of Upper Traverse referred to as the over-
lying transition zone by Hake and Maebius (1938, p. 457). Common usage
is to call this section the Traverse rFormation in Western Michigan.
Cohee (1947, pp. 90-92) believes the Traverse Formation is the equivalent
of the Milwaukee Formation of Wisconsin which has no equivalent in
Eastern Michigan because of either non-deposition or erosion.

No attempt is made to correlate the above five units with forma-
tions into which the Traverse has been divided by Warthin and Cooper
and others, because lateral and basinwerd changes make them difficult
to recognize. Whether or not any or all of the five subsurface units
possess sufficient lateral extent to qualify as formations is not known
and therefore justifies the exclusion of an attempt to correlate with

outerops.

PRODUCTION

Cumalative o0ll production of the Pentwater Field to July 31, 1949,
was 1,014,871 barrels according to figures of the Michigan Geologicel
Survey. Of this, 192,397 barrels was 38.4° A.P.I. gravity oil from
three Traverse pays and 28 producing wells. Unit Two, of this paper,
is by far the most prolifie of the Traverse multiple pays. Wells pro-
duce from the top few feet of the Unit. The oil-water contact is at an
epproximate elevation of 950 subsea. This indicates & maximum pay of 12
feet for the highest wells. S8tructurally low wells carry water in this
pay and produce from the two upper sones, both in Unit One.

Upon completion, Traverse wells are prorated at 100 barrels of oil

per day; Dundee wells are limited to half that amount.
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Pressure history of the Unit Two reservoir indicates an active
water drive. Gas=-o0il ratios are extremely low, measuring 68 cubic feet
per burrei, according to Michigan Geological Survey reports (1949, Oral
Commmication).

The well specing at present is one well to each twenty acres, the
wells being drilled in the center of the northeast and southeast ten
acres of each forty. When wells are to be drilled to both Traverse and
Dundee formations the same spacing pattern is used but the wells are
drilled about 50 feet apart. All Dundee production to date is believed
to be from a single pool.

The upper two Traverse pays are thin members of dolomitiszed lime-
stone in Unit Ome whose producing sections are seldom more than two feet
thick. None of these wells meake their proration of 100 barrels per day.

0il recovery in the Pentwater Unit Two is expected to approach 70
percent, on the basis of present reservoir studies by the Carter 0il
Company (1949, Person&l'Communieation), the major acreage holder in the
area. The Michigan Geological Survey opines 75 percent recovery. (1949,
Personsl Commmication). Estimates of total recoverable oil are incom-

plete and not available.

METHOD OF INVESTIGATION
The absence of outerops in Mason and Oceana Counties dictated an
investigation of Pentwater's upper Traverse section based on the fol-
lowing sources:
(1) Subsurface samples from wells drilled for oil.
(2) Electric logs from these wells.
(3) Diamond-cut cores from the zone of corralline

material (Unit Two)e
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(4) Personal commnications.
(5) Publications and maps applicable to the problem.

In attacking the problem, original “Traverse Limestone” elevations
were obtained from abbreviated scout reports of the Michigan Geological
Survey. After contouring on these elevations (Fig. 4a), wells were
selected for study on the basis of their relation to the Iraverse struc-
ture. If data could not be obtained for ome of the selected wells,
another of similer relation to structure, for which data was awvailable,
served as a substitute. Table 1 lists the final selection of wells.

Through the oourtesy of E. J. Baltrusaitis of the Gulf Refining
Company, two diamond-cut cores of the Unit Two pay were made available
for study. One is pictured in Figure 9. Examinations of the other were
made from both thin-sections and polished sections and Lemberg's solution
was used on the former to readily distinguish between calcite and dolomite.
Results of this study are discussed under "The Investigation of Unit Two".

In all, 41 sets of Pentwater drill cuttings were on file and avail-
eble for study. Cuttings of six wells, complete through Unit Five, were
examined in detail under the binocular microscope and the graphiec logs of
these were oompered with electric logs for the same wells. Acid and stain-
ing fluid was used for confirmatory tests to bring out the textural and
mineralogical compositions of the rook. The Units, One through Five, were
set aside as distinot lithologic members by this study. Samples and elec~-
tric logs of an additional 18 wells were examined, but the cuttings were
incomplete for these wells. In most cases they were complete through the
coralline horizon (Unit Two); electric logs were intact for all desired
wells.

Samples were incomplete in the above instences because of extensive
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coring and oil company practice to save from wells drilled in a proven
field only those cuttings immediate to pay zones and marker beds.

Electric logs were the sole source of information if samples were missing.
Piocking unit ocontacts by this method was vaelidated by previous study where
cuttings were also available.

Copies of the official records for wells of the Pentwater Field now
on file with the Michigan Geological Survey were scrutinized but proved
of no material assistance in the solution of the probleme. Records for
8ix wells have been published and are available from that source.

Insoluble residues of Unit Two were used to check for the criterion
suggested by Cumings (p. 3), that any pure carbonate rock with minute
insoluble residue might be suspected of being reef rock. Results are dis-

cussed under the "Investigation of Unit Two".

INVESTIGATION OF UNIT TWO
Examination both by thin and polished sections of the Unit Two core

from the Gulf Refining Company's Mary Paulsen No. 3 well reveals the mem-

ber to be high in organic matter. Stromotoporoids and branching Favosites
are abundant; ostracod shells were found in a finely crystalline, even=-
textured, stylolitic, buff limestone matrix. The fossils present agree
with those classed by Twenhofel (p. 3) as reef building organisms but the
matrix does not conform with Warthin and Cooper's (1943, p. 586) observed
bloherm cores which they describe as "a jumble of coral and stromatoporoid
colonies and in the nature of a breccia”. No evidence of bedding was ob-
served in the Unit Two core.

High porosity is characteristic of the Unit Two matrix. In most
cases the cavities are completely lined with clear calcite orystals. The

irregular nature of the openings suggests that they are solution cavities.
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Landes (1946, p. 514) states that without doubt ground water solution,
either above or below the water table, is of utmost importance in produc-
ing porosity in carbonate rocks. A reef rock of nearly pure ocarbonate
content would be no exception.

The writer believes that the original porosity was primarily due to
pore spaces within the ocalices of the corals and between the valves of
bivalved organisms. The matrix is believed to have been dense originally
with fractures acocounting for the entire porosity in this sublithographie
ground mass.

Geikie (1903, p. 426) has pointed out the 1mportaned of fissures in
supplying chammelways for dolomitizing waters. The writer suggests a like
assistance from fractures in creating the abnormal porosity in Pentwater's
Unit Two, except the percolation waters in this case were leaching waters
ocontaining carbon dioxide rather than magnesium-rich solutions.

Two possible interpretations of the Unit Two structure are offered
in this paper depending upon whether or not there is a collapse of Unit
Two in SW}, NWL, MW}, Sec. 8, T.16N., R. 1TW. (Fige 3). The Carter 0il
Company's Dumew No. 1, at this location, may be 26 feet lower than any
of the five surrounding wells within a meximum redius of 1320 feet and
does present an abrupt drop-off.

The writer's preference is to contour the horizon as shown in Figure
4a, an interpretation used by Lowenstam (1948, p. 181) in his illustra-
tion of the Marine Pool in Illinois. PFigure 4a and that of Lowenstam
are essentially mirror images of one another.

A second interpretation (Fig. 4b) is that of assuming a collapse

of Unit Two in the area of the Dumaw well. It should be considered a
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possibility for The Gulf Refining Company reports, on the basis of labor-
etory studies, porosities approximating 30 percent which approaches the
theoretical limit of limestone before collapse (1949, Personal Communi-
oation)e.

The above interpretations are secondary to the fact that Unit Iwo
does exhibit notable slopes and an unpredictable nature not uncormon in
known reef fields cited by Stormont (1949, p. 57).

It is interesting to note a probable reflection of a Dundee struc-
ture (Fig. 7) in beds as high in the stratigrephic columm &8s Unit Onme.
Particular interest is focused on that portion lying in Sections 5 and
8. A structure is shown on Unit Five (Pig. 6) at this pointe The same
is true for Unit rour (Fige. 6) However, ocontouring on the Unit One top
(Fig. 4a) reveals additional relief not shown on previously mentioned
horisons. The writer propbaoa that this change is due to a "build up”
within the coralline unit and that observed reflection from lower units
was present in Unit Two. The initial reflection is believed by the
writer to have served as a platform more favorable for the growth of
reefs than the surrounding bottom. This was a factor in determining the
location of the reef.

That Pentwaterts Unit Two does "build up" is shown in Figure 8. A
thinning of this unit in all directions from well number nine, high on
the structure, can be noted and in some cases, the thinning is quite
abrupt.

Random orientation of branching Fevosites was observed in the core
from the wvulf Refining Company's Mary Paulsen No. 3. Lowenstam (1948,
ppe 174-176), recognizes this oriterion to be of diagnostic value in the

flank deposits of the Marine Pool. These deposits are dolomitized in
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contrast to the undolomitized Pentwater Unit Two. Reef occurences in the
Alpena aree are likewise limestone deposits.

To test whether or not Unit Two satisfied the requirements of a reef
rock set forth by Cumings (p. 3), insoluble residues were applied to the
investigation. The procedure outlined by Eddy (1933, pp. 347-348) was
generally followed. Samples varied from one gram in weight to as much as
15 grems depending upon the amount of rock available. The study was not
an extensive one, but ten samples, considered to be representative of Unit
Two were tested and found to be in excess of 99% pure carbonate. The only
appreciable residue noted was from the pay zone. The residue in this case
was primarily "dead 0il® that had remained within the pore spaces of the

rock.

ORIGIN OF UNIT TWO

A satisfactory picture of the origin and development of the Pentwater
Traverse strata is far from complete. The presence of little clastic
material in all examined zones, however, suggests remarkably clear waters
in this portion of the Traverse sea. Hake and Maebius (1938, p. 459)
recognize this as characteristic of all Traverse strata in Western Michigen
and neme reefs as the possible deterrent in preventing the tramsportation
of clastic material from the littoral zones.

The change in lithology of the Travafse troup from evaporites, dolomites
and limestones in western Michigan to a predominance of calcareous, sili-
ceous and argillaceous material in central and eastern Michigan has never
been satisfactorily explained. EKnapp (1947, p. 6) postulates that the
Porter-Winterfield uplift of pre-Dundee time formed a shoal or bar with
open sea to the east and a restrioted sea to the west. A separation of

the west portion of the Traverse sea as a result of such a barrier or a
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series of barriers persisting into Traverse time certainly must be con-
sidered a possibility.

If limestone, gypsum and salt are assumed to be the normal succession
of precipitation from a restriocted sea as the concentration on the waters
is increased, Pentwatert's three lower units (Three, Four and Kive) are
readily explained. At the conclusion of Unit Three time, suppose subsi-
dence took plece on either a local or regional scale. Increasing subsi-
dence would have inoreased water depths and lessened the concentration of
the sea enough to favor abundant organiec growth. Assuming this growth to
take place as outlined by Warthin and Cooper (1943, p. 586), it may have
continued until unfavorable conditions again prevailed and killed all life.
Uplift and consequent concentration could have once again prevailed with
normsl marine limestone (Unit Ome) being precipitated. This environment
existed until the final withdrawal of the sea at which time Traverse depo-

sition ceased.
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CONCLUSIONS

The Pentwater Field is producing oil from a porous Traverse pay be-
lieved by some petroleum geologists to be a Devonian reef. Some evidence
supports this belief but conolusive proof is lacking. The possibility
still remains, therefore, that Unit Two is not a reef. Only future drilling
and ocoring operations may provide enough data to decide.

If Unit Two proves to be ﬁ reef, as other data does avail itself for
study, a pattern of reefs might be present that would aid in future explor-
ation. Considerable o0il may be locked up in such untapped reservoirs.

The random orientation of fossils and sublithographic matrix in the
oxaiined Unit Two core lead the writer to a tentative conclusion that the
rock was from the lagunal side of the Unit, if it is a reef, where marginal
sediments would normally be expected to grade into the reef proper. If
this 1s a true interpretation, then one should expect to find detrital
limestone on the seaward side of the structure as suggested by Verhoeven

(1948, Pe 25)0
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