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ABSTRACT

Lateral variations of rock character sugszest different
sedimentary processes during their formation. In attempting
to reconatruct the tectonic conditions existing during the
deposition of the Rogers City and Dundee formations in the
Michigan Basin, composite samples of twenty-five wells
penetrating the complete system were analyzed with respect
to their lithologic character.

Numerical pictures, in the form of lithofacles maps,
were constructed from ratios relating the data. The clastic
ratio compares the amount of land-derived sediments to the
chemical precipitates and evaporites; the quartz-chert'ratio
shows the contrast between primary and secondary sediments;
and the evaporite ratio relates the quantity of evaporite
deposits to the chemically precipitated materials.

Lithofacies maps are relatlvely new in geologic
literature, and thelr interpretation poses many problems.

A study of the patterns formed by superimposing these facies
maps on an isopach map of the Rogers City and Dundee forma-
tions was used to determine the possible tectonic conditions

prevalling dquring the period of deposition.
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INTRODUCTION

History and Description of the Michigan Basin

Since the turn of this century subsurface exploration
has been greatly intensified in Michigan. Prior to this
time, these explorations had been a subject of great interest.
Barlier subsurface exploration was impractical because parts
of the Michigan Basin were overlain by glaclal deposits that
in places reach a thickness of nearly 1300 feet.

Dice (1955) completed a quantitative sedimentary
study of the Devonian deposits in the Michigan Basin. 1In
his investigation Dice covered a period that probably
encompassed 40 million years. It 1s quite feasible that
within such a time various geologic events may have occurred
which, although insignificant to the Devonlian system as a
whole, may have been hizhly significant to a group or a
member within the system.

The Devonian system in the Michigan Basin 1s composed
of the following groups: Traverse, Casenovia, Detroit River,
Onesquethaw and Deer Park.

The Casenovia group consists of two limestone
formations, the Dundee and the Rogers City. The Dundee is
the thicker of the two formations. Because the two forma-

tions are similar and very difficult to distinguish in the
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subsurface throughout most of Michigan, they are combined
and referred to as the "Dundee" in this study.

The general outcrop pattern of the Paleozolc
sediments in the Michigan Basin resemble concentric,
elliptical rings with their major axes trending northeast.
The younger Pennsylvanian sediments form the center ring
and the older Paleozoic sediments in their outcrop pattern
form the succeeding outer rings. The Ordovician and
Cambrian sediments crop out irregularily in the upper
peninsula of Michigan.

Newcombe (1933) described the areal extent of the
Michigan Basin as an area comprising about 106,700 square
miles. It extends north from Ft. Wayne, Indiana to Whitefish
Point, near Sault Ste. Marie, Michigan. It extends east and
west about 370 miles. The center of the sedimentary basin
conforms approximately with the geographic center of the
lower peninsula of Michigan.

According to Pirtle (1932) the Michigan Basin 1s
bounded on the west by the Wisconsin Arch and on the north
by pre-Cambrian rocks. Two diverging limbs from the
Cincinnatl Dome, the Kankakee and Findlay Arches, form the
southwest and southeast boundaries, respectively. A
continuation of the Findlay Arch, the so-called Algonquin

Arch in Ontario, forms the eastern boundary.






-3-
Facies Analysis

Geologists refer to individual variations in the
lithologic and biologlc character of a sedimentary rock as
"facies." Examples of these are "marine facies," “aeollan
facies,™ a2nd so forth. Geologisté, similarly, agrée that
lateral or vertical changes of lithologic or faunal character
are referred to as "facles changes."

Moore (1949) defines sedimentary faclies as, "any
areally restricted part of a designated stratigraphic unit
which exhibits characters significantly different from those
of other parts of the unit involved."

Moore further defines two different types of facles:
lithofacies and bilofacles. Lithofacies are "groups of strata
demonstrably different in lithologic aspect from laterally
equivalent rocks." Biofacles are "laterally equivalent
blotic assemblages differing in théir biologic aspect."

Sloss, Krumbein and Dapples (1949) proposed a third
type, tectofacies, which 1s best described as a “group of
strata of different te?tonic aspect from lateraliy equivalent>
strata." |

A tectofacies map would show the laterally varying
tectonic aspects on an areal basis, and permit delineation
of the tectonic elements which comprised the framework of
sedimentation. Therefore, such a tectofacies analysis would
sive minor variations in the sedimentary environment within

the structure.
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Krumbein and Sloss (1951) stated; "In the average
case, lithofacles and biofacles maps of the same interval

express similar trerds and limits,"
Purpose

The purpose of this investligetion 1s to attempt
to define the structures within the Michigan Basin by
lithofacies and statistical analyses at the time of the
deposition of the "Dundee" formation (middle Devonian).

The writer thinks that by quahtitatively and
statistically analyzinsg a well-defined formation, a general,
but rather accurate and sigzgnificent portrayzl of the tectonic
environment during that period of deposition may be inferred.

The "Dundee" was selected for this study because the
complete section has been penetrated by numerous wells. It
is hoped that the data obtained from this thesls may add
evidence to the already determined structures, and further
indicate features which have not been found throush earlier

research.
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WELL SELECTION AND DISTRIBUTION

Stratigraphy of the Analyzed Sectilon

The section analyzed in this report includes the
Dundee and Rogers City formations. These two sections are
stratigrapvhically located in the upper-middle Devonian
section of the Michigan Basin. |

The Dundee is 2 buff to lisht browm limestcne,
cherty limestore and dolomite, varying from approximately
50 to 460 feet in thickness. It 1is very thin or absent
in southeastern Michigan.

The Rogers City is a brownish-oufi dolomite lime-
stone or dolomite which rarely exceeds a thickness of
100 feet. It i1s absent in southeast Michigan.

Porous zones are found in both formations. The
vorosity was probably caused by solution cavities in the
limestone and dolomite, including cavities produced by
dissolved fossils, corals and stylolites. The porous
zones of the Dundee are similar in character to those of
the Rogers City, but aire »robably somewhat less dolomitic.

Fixzure 1 is a generzlized column of the Devoniean

section in the Mici.igsn Basin



GENERALIZED

FIGURE |

DEVONIAN COLUMN OF MICHIGAN

| Nome of Unit |[Thickness(')|Descriptions Remarks
a
5
TRAVERSE I00-875 |Limestone 8 |Bell shale at base
shale . .
Erosional unconformity
Brown
ROGERS CITY | 0-125 . .
limestone Absent in SW Michigan
Mostli
DUNDEE 0-460 | °°Y  |Absentin SW Michigan
limestone
Erosional unconformity
< Dolomite,
w 68- 1124 | anhydrite
» & salt
S
a Dolomite with f . Mainly i
e 3 Richfield 0-80 i ith| Subsurface only. Mainly in
8 sandstone |central & S. Michigan
O Erosional unconformity
u 0-150 [Dark limestone
3 & dolomite
olx
o|>
=|x| [Filer Lentit| 0-100 |sandstone Erratic distribution;
| thickest in  W. Michigan
(L)
g Dark black
ar ac
e 0-200 | limestone
2 g:’ or dolomite
w
g § Sandstone
< | Sylvania 0-300 |with dolomite| Only in eastern Michigan
: 8 chert
Erosiongl unconformity
@ Chert ) o
w| BOIS BLANC | 0-1000 |limestone |Absent in SE & SW Michigan
3 or dolomite
S Erosional unconformity
GARDEN ISLAND| 0-30 Dolomite Patchy distribution

MODIFIED AFTER

H.L. MARTIN
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Selection of the Top and Bottom of the Duncdee

The base of the Bell shale was selected as 2 marker
for the upper limit of the "“Dundee" formation. This shale
forms the base of the overlying Traverse group. Because of
its large areal extent the 2Zell shale is conzidered to e on
excellent mariker horizon.

In selecting the lower limit of the "Dundce" it was
noted that tne upper part of the undcderlyin: Detroit~River
croup, known as the Lucas-Amderdon formaetion, contalined a
considerable amount of anhydrite.

The author feels that the coit, vsray Bell shale above

and the enhydrite-rich limestone and dolomite of the uppver
Detroit River group below, form well detined boundaries for

the sectlon analyzed in thils study.
Selecticn of the VWells

Map I showg the outcrop vattern of the "Dundee"
formotion. No wells were selected wnich did not include
the complete "Dundee" section.

Map Ii shows the location of the wells used in this
investizcation.

Table I shows the well number, locction, thicknees of
the "Dundee" formation, land descrintion, the driller and the
farm ovmer. The well numbers that moy be referred to from
place to place throuzhout this analysis are the same numbers

that are found in the first column of this table.
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TABLE I

WELL DESCRIPTIONS

Well County & Driller Land Thickness
Number Tovnmship and Farm Description of Section
1 Bay Gulf Ref. Co. 34-15N-4E  300'
Kawkawlin Salina #1
2 Midland Dow Chem. Co. 21-14N8-2E 460!
lidland Fee 8
3 Lapeer Brazos Cil & Gas 14-7K-11 95!
Attica 3. Smith #1
4 anilec McCoy and Zlack  35-10k-18E 2¢5°
Lexinzton Jonn Tomczyk #1
5 Shiawacsee  Panihandle Eastern 235-Shi-2E 265"
Perry S. Neucik Coru.. #1
6 Livingston  Pantendle Eastern 25-2N-SE 264"
Genoa G. Sauer il
7 Livingston  Panhandle Eastern 22-3N-3E 239"
Hondy E.C. Addison #1
8 Ionia Terry-Dale-Mich. 12-6N-TW 139'
Berlin Tew #1
9 Tuzcola Shell 0il Co. 16-13N-11E 210"
Novesta Woiden jfi
10 Antrim Ohio 0il CO.. 14-31N=-EW 110!
Central L. Chamberlain #1
11 Otze~o Brazos 01l & Gas 15-20L-2W 235!
Chester State-Chester HE#1
12 Cheboygan Roosevelt O0il Co. 1-34N-2W 187"
Ellis Ormsbee #1
13 Muskegon Tasgart Erog. Gos 20-12K-17W 25C°
Montagus C.W.Nelson #1 .
14 Wayne Basin 0il Co. 22-15-8E 170"

Plymouth

E. Raetzel #1
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TABLE I (Cont'd)

Well County & Driller Land Thickness
Number Towvmship and Farm Descrintion of Section
15 Alcona J.C.Arthurs, Inc. 10-26N-7E  152'
Millen A. Kohlnun #2
16 Arenzc Ward 0il Co. 13-198-7E 375"
Sims Daisy Petty #1
17 Iuron Pure 01l Co. 22-17N-15E 339"
J. Stapleton #1 ]
18 Monistee Carter 0il Co. 35-24N-15" 70"
Fred Croox #l
19 Alpena Alpena Exp. Co. 7-32Lk-0E 242!
Long Rapids Wilson #1
20 Kelkaska John Keyer 27-27N=5W 300’
State=Clrwtr. #1
21 Allezan Ford 0il Co. 30-4N-120 278"
Dorr A, Scholten #l1
22 Roscomzon J.0. Mutekh  2-24N-1W 276"
Au S2bvle E.B. Hollwell #1
23 Isabella Cities Service 33-16N-3W  26¢"
Wise Methner #3-1
24 Luke C.A.Floto Special 4-17N-11W 190
Ch=se V. Warchell
25 Lenawvee J.0. Mutch 5=55-2E

Cambridr-e

C.L. Sillmeyer il



LABORATORY PROCEDURE

Method of Sampling

Samples from the 25 wells used in this stuly were
obtain:d fron the Miclhilgun Geolozglc Survey, Lensing, Michizan
The wells wers selected in order to get a eneral
picturs of the "Dundee" formotion below the surface. Only
tlie w2lls that contoined the complete ccection wers used.
Wells drilled in =n outcrop ares or wills arillel in :n
area tnat ol a2 formrtion lyins uncunforsa 1y on itie "Dundee"

other tinn the Bell

]

hale, were not used.

The "Dundee" formetion wos represented dy tvo to
8ix troys ol well cuttings. The troys contalned approxin-tely
25, 10 grem vials. e difference in the nuwrhor of triys 1is
due to the voryii: thiciines:z of uhie {oriitlion nd the drill-
intervals used by the drillin: contrzcturs. The interval
at which the sanvles w:zi¢ taken varied from 2 to 15 ieet
with «n averase of 5 feet.

Wentworth (1926) states thiat in order o acl izve
results in o nechicnical anclysls of matericls tnat cre sand
sire or smaller a sanple ol about 125 grims sinould be used.
Since tle vertical section studied ranzed from 50 to 4C0 feet,
in order to aporoacch Wentworth's Ti-ure 1t was recessary to
telie 2o voaryline erount of scmole per foot in t

Howevor, the fact tint in one well 1 gran ver foot
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ané in another 0.3 ~rem rer Toot wase taken should not detract
from the valuz of the tnzlycle vecause the anclytical and
statlstical data used in this stuly ae expressed as per
cents or ratiocs.

A 400 milliliter beaker was cleaned, labeled and
vwelched for eacch well studied. Each vial was sanpled

accordin; to tixe calculated fi-ure thot would Zive a
compocite s2nple of about 125 srame from each well.

Before final welzhin. o manet wis used on each of
the composite canvles to remove wetel fivo nents thet may

cve come from drilling bivts or well casings.

To cireciz the accurate wei ht of tlie samples, the
thickness of the section, multiplied by the amoun:t of scmple
taken per foot should egual the welght of the composite
sample. In only one well Aid tie error exceed one granm and
this well wos contaninated by drill bits or casin
which were subsequently reuoved by the negnet. In this cace
the weight of the composite sample wes 1.62 _roms less than
i1ts conputed value.

It was felt thet the errors were not sufficient to

cause any misinternretation of the results.
Removal of Water Solubles

In order to facilitzte disaggregation the samples
should be free of electrolyte particles. Wilegner (1927)

found thet by boilin: a water-irmersed sample containing
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these electrolytes, the ionic particles were driven into

~

solution and could be removed by sivhonin-; or lilterirg.

Each cample was placed in 250 ml. of water and
boiled for anproximately 2 hours. After the fine moterial
settled, 10 nl. of clear sclution woo withdrawn and placed
into a test tube. The salinity was checked by addinz a
small crystal of cilver nitrate. If the vrecipitzte rormed
was denser than the one formed »y plecins a small cryst:l
of silvar nitrite in zan egual amount of tap water, wznother
boiling water treatment wae necessary. This was repeated
until the precipitate was equal to or less then that formed
by the tap water.

Three or four treatments were riecessory to renove
the water-soluble salts. The remaininz somple wos filtered
an’ washed thorou:zhly. After this treatment thz sample was
returned to its orizinel becker znd alloved to dry on & warm
sand vath.

The amount of water-soluble material was determined
by suostracting the wei it of the sample znd the beaker after
it had been boiled and dried from the wei ht of the orisinal
composite sample ani bezaler.

The eamount of fine particles left on tlie filter »cper
vas determined by comparins the wel:ht of the filter parer

before oand after 1t was used. This srall smount, vhich

averaszad about 0.03 gram, was added to the cleay frzction.
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Removal of Acid-Solubles

Limestone, dolomite and perhaps a minor amount of
anhydrite are the remaining non-clastic materials.

Due to the high percentage of acid-solubles in the
"Dundee" there was danger of losing some mcterizl due to
éevere effervescence. To rinimize this dan;er, acid of
various strenszths was added at turee stages.

The first treatment, 100 ml. of 25% acid, was added
slowly to the sumple. Stirrins the solution with a gla2ss rod
hastened the reaction. After the reaction ceased the solution
was alloved to settle for several hours, and the supernztant
li~ruild wes sivhoned.

The secord and third treatments were similar tc the
first except that the strength of the acid was raisel to
50 and 100 per-ceuts respvectively. After the reaction of the
100% acld had ceased the sample was placed in a hot sand bath
to remove the less soluble materials, such as anhydrite ond
dolomite.

After cooling and settling, the excess liquid was
removed anc¢ the beaker wos filled with water, which settled.
The clear soluticn was thien removed in order to check the
acldity. This operation was repeated until there was no
change in the nlue litmus paper.

After neutrallzation, the beaker and the remaining

sanple were placed in a warm sand bath and driea. The



difference in weicht before arnd after the acid treatments

denoted the amount of acid-solubles.
Disagzsregeation

Very little shale is present in the "Dundee" forma-
tion. Landes, Ehlers and Stanley (1945) noted that in an
exposed section of the "Dundee" strata at Rogers City,
Michigan, there was an eizht inch band of shale near the
base of the formation. This 3 inch band is very minor since
the thickness of the section at thils leocatlon exceeded
215 feet. However, to facilitate sievin-, the author
thousrht 1t best to disaggresate each sample.

Krumbein and Pettijohn(1928) define disaszsregation
as, "the.breaking down of agsregates into smaller clusters
or individuals."

Most of the shale present was broken down during the
water and acid treatments. A few dark grey pleces which may
have been indigenous or contaminznts from the overlying Bell
shale remained.

Cooke (1956) found that uotassium hydroxide (KOH
was the best coupound to use for disaggrej:tion. A
supersatur:zted solution was prepared. OCare was taken not
to add the KOE too rapidly, as a violent exothermal reaction
could result. After bolling the supersaturated solution

for 10 hours on two succeasive days the shale was



Sleving

Several wvater treatments were necessary to neutrualize
the KOH solution. The neutrzlity was determinzd when it no
longer effectea pink litmus pzper.

Before attempting to sieve the sawmple Jjust enough
was was added to form e paste. This paste was rubbed with
- the fingers and allowed to soak in water for several hours.

The sample was then washed through a 230 mesh Tyler
sleve. This mesh 1s sm2ll enou:h to retain the fine-zrained
sand particles but z2lso large enoush to permit the passace
of the smaller silt and elay particles.

The solution carryir: the 311t and clay particles
throuth the sleve wis not saved. The reason will be
explained leter.

The sand retained by the 230 mesh sleve was dried
and placed in small vials and saved for later microscopic
analysis. This is known as the sand fraction. The weight
of the sand froction was not recorded. The reason for this,

too, will be explained later.
Mountin: and Analyzinz the Sand Grains

The sand fraction saved from the disasgregetion
process was sieved through 80 and 100 mesh Tyler sieves.
The fraoction retailned by the 100 mesh screen were believed

to be ideal size for microscoplc identificetion.
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The =zralins were mounted on a glass slide with
Canada bzlsam; a cover glass was placed over taem. Each
slide represented the entire well. The percerntagecs ol quartz
and chert were estimated with the 2id of &« polarizing

microscope.
Accuracy of the Data

It 1= possible that with the nescessary handilin: of
the samples, slizht amounts of fine matzrizlis were lost.
These losses were consldered insiscificant.

The "Dundee" samples were Drobably contawinated by
caviigs from‘the overlyin; Bell shale. Zven thouth only
sli-ht amounts of cavings were present, however, it 1s very
probable that they were equal to or greater than the total
amount of shile indigenous to the entire "Dundee" section.
For this reason the writer feels that to have attempted a
sand-shale ratio would have been impractical and results
erroneous. Therefore the amount of silt size particles

sleved after the disasgrezgation was not recorded.
Results of the Quantitative Analysis

Table II represents the statistical summary of the
quantitative analysis of the 25 wells.

The lithologzic ratios exprescsed in Table III were
computed according to the formulas presented in the following

section.
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Table II

Results of Quantitate Analysis

Well  Total Weignt of Pct. water Weight of Pct. Acid
Number Weizht Water Sols. Sols.x1000 Acid Sols. Soluables

1 120.783 .035 274 115.683 95.77
2 118.569 .431 3.630 106.628 89.53
3 123.394 .068 «549 110.258 89.35
4 125.710 .452 3.600 109.834 87 .41
5 129.185 .232 1.794 11C.338 85.41
6 130.502 .0O11 .008 118.432 90.75
8 111.428 .469 4,208 80.587 T2.32
9 120.886 .015 012 109.489 90.57
10 71.615 419 5.712 65.668 91.70
1 131.562 ,019 . p 127.952 97.26
13 123.258 .243 1.971 81.302 65.88
14 119.849 ,162 1.352 113.010 94.13
15 115.329 .899 T.795 99.079 85.51
16 120.794 .032 .265 119.103 98.60
17 97.079 .1T71 1.761 94.418 97.23
18 120.760 .773 . 6.401 105.900 87.69
19 117.337  .109 <929 114,479 97.56
20 107.348 .513 4,778 102.882 95.84
21 112,951 .453 4.010 93.692 82.95
22 112.168 .021 .187 86.275 76.92
23 118.528 .254 2.143 96.748 81.63
24 126,008 .212 1.682 72.016 57.15
25 121.770 .212 1.741 103.079 84.65
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Table III

Litrolozic Ratios

Well Evaporite Clastic Quartz-Chert
Number Ratio x1000 Ratio Ratio
1 « 303 .048 .184
2 4,072 .110 A73
3 617 .128 176
4 4,113 141 217
5 2.102 AT 094
6 .093 .102 .086
7 5.924 .130 .088
8 5.819 « 375 Q71
9 37 .104 .200
10 6.380 084 .032
11 148 .028 143
12 .T13 .022 .105
13 2.992 513 .091
14 1.433 .080 .200
15 9.0753 154 .294
16 .268 014 267
17 1.811 263 209
18 T7.30C A432 .083
19 .952 .024 .158
20 4,936 .038 .054
21 4,875 .200 .051
22 243 « 300 .265
23 2.625 .222 .122
24 2.944 . T45 .105

25 2.057 .180 107
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LITHAOLOGIC VARIATIONS

Litholo:ic Ratios

The recent availantility of data throush drillinss,
cores and lozs has increased the value of focies nmaps.
Kruzmbein znd Sloss (1951) devised a cystem of ratios
for mappin:: purvoses:
"Perhaps the most fundanentzl
differentizstion of stratigrzonic units
at « given point is into non-specific
lithotopes based on a division into
clastic and non-clasti% elenents in the
‘stratizravhic sectlon.
This is calles the "clastic rs'io" and to determine
it thie reletive porconts es of tlie clastle nn. non-clzastic

natericlgs sl:ould be Xnown.

Clastic Ratio = Con~lonmer: te+sandstone+shale
limestore+dolonitet+evaporite

A litrolo~ic unit consistins entirz:ly of sanistone
would b2 rerresentel Dy a cluctic ratio of infinity, whereas

trnt of en entirz urnit cof 1

‘_Jo

nesuone woulld De zero.
Thiz otrer litholozic ratios exorecses in Table III
were computed as follows:

Evaporite Ratio = evaporites
imestone+dclomite

uartz-Cliert Retio = ? auvartz
7 cihert

The evaporite r tlo is used to illustrote voriastion

within the non-clastic matericls. There vers very little
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eveporites in the "Dundee".

B

rerioved

1

may have

evavorites way hive vezn toilen out

ware T
For tleze reasons tie el nilicance
is questicnable.

Figure 2 is intended to cive 2

of the 1.1~

P

e

accurote Zicturs

1, 42 4
(VP i

L1 RN ~ s
Duniee" formaticn. IL is

horioseneity of the non-clistics in the "Dundee". The

DY vaters uszd in the dri

peen removed by cuosequent solutlon

interestin-

Some of these may have been

1lin_ ol tne

[6)]

(G
ct

e

0]

]

oi tue

culck, reasonably

1 mercentie of non-clastics in

N

smaller, dashed triangle, wihich contains thie results

obtained tronm the 25 wells, coipriszzs only about 4% of

entire triangle.
tie

Firure 3 illustitvtes

ratios of the materials from all
Construction of the

To construct focles mavs

within a certein litholosic ratvio,

a2t thelr respectlve posliticn on a jool bise nan.

-

the
auertz=chert wnd clastic

the scmples analyzed.

Facies Meps

representing varlations

the ratios wvere ulotted

Contour

lires of egual retio value were tlien drawn.

Accordi.; to Krumbein (1952) the contour intervels

A

used in tliis stwly

muy be plotted ceomstricelly or critimeticzlly.

The linss

were plotted arithictically.
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FIGURE 3
(APEXES REPRESENT 100%)

TOTAL
CLASTICS

QUARTZ C.HERT

SCATTER DIAGRAM
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An icoocch mep vas first constructed on semi-

transoarent orer; the retlio nieps were na::ie on ovacue parer.

(

Superimososiv~ ti2 isonach map» on thz ratio map fucilitated

interpretition. This wes petter tizn constructing isopach
lines on ecch ¢f the rotio mzvo.

Fans IV, V, VI and VII zre the isopcch, clastic
ratio, evancrite rutio ani qguartz ratio maps, resirectively.
The data used ir ccnstructin- thie 1 -»s was chtained from
the "nalysis of tl:> "Dundee" szinles used in this study.

To et @ more accur te isoneceh mnp, seven aduaition
control wells were vsed. (See min II). These seven wells
21d not contain encu:ihr sample for analysis, Hut the footoge
of the "Dunde2" was recorded znd used in the construction

of the icsovach map.
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GEOLOGIC IiNTLrrrisTLTICLS

Methods of Interprstaticon

Krunmbein (1952) noted that the relations between
lsopach and facies contours show ¢t lewst vatverns wiiich
may be useful 1In interpreting speciflic cedilentory

conlitions., These putterus wre sihown in Fiure 4.

Al

Exomples were citz) for tne conditicrns shown in

Fizure 4 by Krumbein (1952) wiien he stated.

"The linear sub-purcllel pottern nay
occur urder conlilitions wi.ere clestic sedinents
are soread over 2 cubsldins area in cdecrwosing
enount oawey fron: the zour Cﬁs, so that the
clastic ratio lines tend to decrecse cs the
isopachs 1ncrease beczuse of increacsiiz lime
Cevosition. The

(.)L

curvilinear Jisccerdant pattern
mney «rise vhen a local concentrution ol clestics
is poured into a sudnsiding area, such as a delta.
Here the clzstic ratio lires may project farther
into the basin then normally. The concentric
ovate »neitern 1z characteristic of evausorites
in an intrzcratonic basin. The irresular spotiy
nattern occurs nevr the deteriorsting edses of
sheet sands, vhere thie accuw:iulation becorse
patcny or sootty."

o}

Krurbein oes on to show thot trere arz taree

p)

patterns suitable to an introcr-tonic vasin, such as iLhe

»

Michi~on Bacin.
(1) A curvilipiesr diccordant oattern could indicate
a nearby oro:enlc source,
(2) A concertric ovete pattern could indicute
either a nearby orozenic source, a nearny

epelrosenic source cr a distant source,
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FIGURE 4

RELATIONS OF |ISOPACHS (SOLID) AND FACIES LINES

KRUMBEIN (1952)
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(3) =2 discordant ovete nottern coull indicate
either a rearby orozenic sourcz cr a nearby
epelrosenic source.
The patterns formed by tiie isopach and the
lithofacies ratio lines should give 2 good basis for the
interpretation of the direction and distance from a source

area.
Errors in the Anzlysis

In enalyzin; and interpreting this section it is
possible tl.at somz errors were unavoidable. One such error
is Jue to the interpolaticn necessary in constructins the
meps. Some minor features are probably omitted. The
larse irresularities are believed to be brouznt out and
perhaps even accentucted by thils anzlysis.

Some of the minor irregularities may be brou ht
to 1lizht Gue to the fact tnat this is a study of a
relatively short time-rock urnit. For exanmple, some feature
that may have been noted durins the cdeposition of the
"Dundee" formation would nct be noticeable in a compoczite
étudy of the entire Devonlan system.

Post-depositionzl erosion could huve an erroreous
effect on the isopach ani lithofacies maps. However, the
author found no evidence followin: deposition of siznificantly
l-rzge scale erosion to cause any serious error; therelore

it is believad that the isopach ind lithofacies maps are

Q

gquite z.ccurate.



Analysiz of Variance of Acld-Soluables in the "Dundee"

A statisticel method of anzlyzing the amount of
scatterin. of the aecld-cclubles froem the gener:zl mean of
the ccolutles can be determined by usirs tkhe following

formulcze:

-
i

vheres S 13 the ctans

ari dsvimition (amount of
scattering)

B-represerts sima or swwinatlion;

[64]
ct
3

i he per cent of acld-colubles;
X-1c the general meun of the acid-solubles,
which in this example is 37.3C%
n-is the number of wells uszd.
By substituting the ficures owtcined from Teble II

the value of S is 11,35 units.

2
@ .\

n
whera 3X 1s the standard deviation from the
meon of the acidi-soluble ver cent of the
sanmples.

The conputed value for SX is 2.27 units.
Baten (1957) states that when running an analycis
of variaznce of samples from a similer environment, the me:sn

of the individual samples veries from tihie generzl mean of all
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the samples accordin;, to the following fi~ures: 1) 67%
of the 1ndividual sample averuzes will foll within one
stonisrd deviaticn (plus or minus) from the zenercl me:n;
2) 925% will £211 within two standard deviations of the
senerzl mean; and 3) 99% will be within 3 standard
deviations.

Figure 5 shows the amount of deviaticn from the
general mezn tuat 1c allowed by the three standard
deviations.

Fisure 6 shows the analysis of variance of the
acid-solubles of 21l the samplers analyzed. The fisures
in tlie theoretical column are 67, 95, and 99 per cents of
the total wells used in this study. The actual values
are the number of wells that are 1, 2, and 3 standard

deviations from the general mean.

The data needed to compute the analysis of variance

were talren from Table II.
Results of the Analysis

The results tend to show that the acid solubles
of the "Dundee" were probably deposited in different
enviromments. Thls would seemr quite logical because of
the varlance of the per cent of acid-soclubles noted
between the individual samples.

A study of this n-ture would, however, be useful

in an area where the variations are not so large.
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Sx =227 ; GENERAL MEAN:=8730%

RANGE WITHIN: | Sx= 85.03—8957%

2 SX = 8276 —91.74%
3 5% = 8049 — 94.01%
FIGURE 5
FIGURE 6
RANGE THEORETICAL ACTUAL
| SX 16.75 7
2 SX 2375 12

3 SX 2475 14
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Stetistical Correlation of the “Dundee"

and Uppsr Detrolt River Group

Seventeen wells used in this study penetrated the
upper nerbars of the Detroit River grcup. The por cert
acid-solubles of the latter group wes obtainel from Dewey
(1957) =2nd correlatel with those from the "Dundee". The

"simul-wellcs"

same wells were used in each analysis. These
are numbered 2,3,4,5,6,7,5,10,12,13,14,17,15,19,2C,21, and
235 in Tatle 1. They may be located on Mup II.

To comgpure the acii-solubles in tiie "Dundee" and

sroup (the Lucas-

the upper members of the Detroit River
Anderdon), 2 statistical nethod of correlauti-n, as outlined
by Buten (1957) 2nd Soulden (1952), was used.

By plotting the per cent acldi-solubles ani by
applying a statistical method of correlation a graphic
representcciion of environmental relationsiiip may be
observed. (Fizure 7).

The "Dundee" acid-solubles are plotted along the
horizontal axis vhile those of the Detrolt River are plotted
alon:, the vertical axis.

The predicting lines that parallel the line of
linear regression (LR) are spaced accordins to the standard
error of estimate, which 1s explained in the following
parasgraph.

To compute the standard error of estimcte the follow-



ing formulse were uced:

-

EXE
(1) b=Exy— =2

Exe — (Ex)e

n

where b is tiie slope of the line LR:
E-is the summation;
x-represents the "Dunde=" acid solubles (%);
y-represents the Detroit River acid sols.(%);
n-is the number of wells used.
The computed value for "b" equals 0.93
(2) a=9 — bx
where R and % 2re the averases of x and y

The calculated value for "a" is —11.96.

(3) se —\[_12 — aEv —DbExy

-_— 2
where "5e" 1s the standard error of
estimate, which in this case is 6.3 units.

The distance that the predictin: (dashed) lines are
placed above and below the line LR are equal to 1, 2, and 3
times the comruted value of "Se", respectively, and meusured
parallel to the vertical axis. (See Figure 7).

The dashed lines are called predlcting lires because
within 1 "Se" (above and below LR) there should fall
approximately 65% of the wells tested. Within 2 "Se" 95%
of the wells tested should fall and within 3 "Se" there
should be 99%, when the moterizls tested are from a similar

environment.
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Approximately 60% of the wells lie within 1 "Se" of
LR and only 1 well falls outside 3 "Se". (Fisure 7). These
positions conform rou:hly with the values mzrtioned in the
precedlin; paragraph.

However, instead of the 95% of 21l wells thot should
fall within 2 "Se", only 70% are witiiin this range. On the
vasls of this discrepzncy, it is provable that the "Dundee™
and upper Detroit River sediments were deposited under

different envircnnmental conditions.
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UPPER DETROIT RIVER ACID SOLUBLES
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FIGURE 7

50% : 1

1
DUNDEE ACID SOLUBLES 100%

CORRELATION OF "DUNDEE" 8 UPPER DETROIT
RIVER GROUP ACID SOLUBLES

BASED ON THE STANDARD ERROR OF ESTIMATE (Se)
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INTERPRETATIONS

[\

The tiree lithofacies rans were interprztel

8

separately by superimposing the lsopach map on each. Features
are located in reference to countlies; tiierzfore a small

map showing the Michigan counties is included in the

nocket. (Map III).

The Clastic Ratio Map

The zreatest concentration of clastic sediments is
vhere Lake, Neway~-o, Osceola 2~nd llecosta counties meczt.

In the highly calcareous "Dundee", it is sisnificant to
mention that in this area about 43% of the material 1is
~clastic. During "Dundee" time, the west-central part of the
state reveals the hizhest amount of clastic materials.

The clastlc map indlicates that these clastlics were
derived from the west, quite probably from the Wisconsin
Dome. Landes (1951) states that there is good reason to
believe that many clastic sediments were supplied to the
Michigzan Basin from the erosion of the Wisconsin Dome and
that a large amount of this material was wind-blown.

A clastic hish is also noted in Huron county. It
would seem quite logical that the source of these sediments
1s the Canadian Shield-Findlay Arch area in Canada.

In noting the relzation of the isopach and facles

lines, a curvilinear-discordant pattern is located in Lake,
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Newayzo, Osceola and Mecosta counties. By applying Krumbein's
theory of the tectonic factors controlling deposition in an
intracratonic basin this type pattern indicates a nearby
orogenic source. This indicates a local concentration of
clastics being poured into a moderately subsiding area.

The discordant-ovate patterin in Huron also indicates
2 nearby orosenlc source.

These 1nterpretations strengthen the theory that the
Michigan Basin received clastic sediments from the erosion
of the Wisconsin Dome. These sediments accumulated in the
west-central counties of the lower peninsula of Michigan.

Also that the eastern part of the Michigzan Basin received
sediments from the Canadian Shield-Findlay Arch area in
Canada.

Dice {1955) noted thot the west-centr:l part of the
state recelved the greatest amount of clastic materials
during Devonlan time. Dewey (1957) noticed a clastic high
in the same area during the deposition of the Detroiﬁ River
group. In view of these it 1s assumed that the Wisconsin
area was supplying sediments to the Michigan Basin throughout
the early ani middle Devonian period, rather than the sediments

being deposited in a relatively short time.
The Evaporite-Ratio Map

Evaporites are deficient in the “Dundee" formation.
It should be rem=mbered that the samples have been subjected

to water in drilling, and washed before being bottled and
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sent to Michizan Geologic Survey. None of the well samples
showed as much as a 1% concentration of evaporites. The
ratios expressed on the map have been increased a thousand-
fold in order to avoid confusion caused by so many zero
dizits.

Krurbein (1952) predicted that evaporites in =2n
intracratonic basin form a concentric-ovate pattern with the
isopach lines. This is quite obvious in Bay and Midland
counties and denotes the cehter of deposition durins the
formation of the "Dundee".

Alcona County, in northeast Michigan, has the highest
concentration of evaporites. This indicates a2 small arez of
basinal deposition.

A Yroad hasinal feature is evident in Ingham, Eaton,
Barry and Ionia counties which could denote moderately deep
sedimentation.

An interesting feature 1s thes linear troush that
runs nearly north-south throuzh Huron, Sanilac, St. Clair,
Oakland, Macomb 2nd Wayne counties. This “dropping-off"
effect tends to show local subsidence along the basin's
eastern edge.

In the northwestern counties, there is another high
vhich is probably the result of basinal deposition. The
isopach-facies lines form a curvilinear-discordant pattern
that indicate a nearby orogenic source, vrobably the

Wisconsin Dome.



Quartz-Chert Ratio Map

The slides revealed that the “Dundee" formation
contained very little quartz. As little as 0.4% quartz
was noted in some of the slides.

Chert was more dominant than the quartz althoush
the chert content of the slides never exceeded 10% of the
total zrains mounted.

The map shows thot the quartz-hich regsion ie in
northern Iosco and Arenae counties, where the quartz is
presumed to be detrital and to have been derived from the
Canadian Shield-Findlay Arch areas.

The quartz-chert ratio is essentially a “vrimary
versus secondary" affair. Care was taken while examining
the slides to note if there was any secondary growth on
primery crystals. Secondary enlargements of detrital
quartz crystals were not detected.

The mz2p indicated a2 deep water deposition in Bay and
Midlond counties which conforms to the isopach interpretation
of thls area.

The southern and western parts of the state show
the ¢reatest amount of chert. The same condition is also
present in the northwestern counties. These areas conform
to Krumbein's curvilinear-discordant pattern and indicete

a nearty orogenie source.
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PALEOTECTONICS AND CONCLUSIONS

The Lower Peninsula of Michizan, accordin-~ to
Eardley (1951), is part of the central stable region which
is composed of a foundation of Precambrian crystalline rocks,
similar to those of the Canadian Shield, and overlain by a
mantle of sedimentary rock.

The sediments in the Lower Peninsula were devosited
in an elongate basin somewhat pvarallel to the Appalachian
Geosyncline. The deposits extend into the northern parts
of Illinois and Indiana, and western Ontario. Nine thousand
feet of sediments, mostly evaporites and carbonates, were
deposited in the Michigan Basin prior to the Devonian period.

The studies of many investigators indicate that in
early Devonian time the Michisan Basin was affected by the
uplift of two northern extensions of the Cincinnati Arch.
These two structures were the Findlay Arch, a2 northeast
arm extendins through Ohio into Ontario, and the Kankekee
Arch which developed through Indiena, northern Illinols and
into southern Wisconsin.

The Findlay Arch, according to Cohee (1945), may
have been a low ridge at the bezinninz; of Cambrian devosition
and subsequent uplift along this arch was localized and of
somewhat greater megnitude than uplifts along the Kankakee

axis.
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Cohee further states that the Kankakee Arch
divided the originel major basin into two units; thus the
Michizan and the Illinois Basins came into heing as separate
structures.

Since the deposition of the St. Peter sandstone
(early Ordovician), and according to measurements made down
to the top of the Trenton limestone (Middle Ordovician), the
Michi~an Basin has subsided about 10,C00 feet.

Kay (1947) defines 2n =auvtoz2osyncline cos an isolated
deposition2l area within e cratonic unit which accumulates
sedimentcs at a greater rzte then the surroundins aree,
receivin~ thosz sediment- from cratonic sources. The
Michizan Bzsin fits this classification. To substantiate
this point, reference is made to Eardley (1951) 2nd Krumbein
and Sloss (1951), who st~te that parts of the Canadian
Shield were emercent at intervals Zurins Paleozoic time and
gserved as source areas for cratonic deposition.

By the enl of the Devonian, the Fin@lay znd Kankakee
Arcres and the Wisconsin Dome were well established. Gentle
erosion of these uplands served as one source of sediments
that were deposited in the Michisan Basin durinz the vneriod.

In view of these historicel events =nd the lithofacies
maps prepared from data obtained by analyzinz the "Dundee"
formation, certain conditions of sedimentation may be Inferred.
These conditions, in relzation to tl.e Michi:on Basin, are:

1) The thickest sedinments in "“"Dundee time accumuloted



2)

3)

4)

5)

iD=
in the Midland and Bay Counties area, where
the formation attained a2 thickness of 460 feet.
(Well #2, Midland County).
The thickness of the "Dundee" limestone deposit
portrays conditions that were most favorable for
direct precipitation in waters which were salty
and warm durlng the period.
Aside from fossil evidence, the thickness and
arcal extent of the "Dundee" indicate marine
rather than frech-water llmestone. The term
fresh-wvater: limestone refers to the beds of line
carbonates that are devosited as more or less
continuous beds in fresh water. Pettijohn (1957,
concernin~; freshwater' limestone, states: "“They

~

are dense ta friable (marl) deposits of smell

3

thickness and areal extent."

The evaporite facles and isopach lines show a
concentric-ovate vattern in Midland and Bay
Countizs. This amrees with Krumbein's theory of
devosition in an intracratonic basin and denotes
the center of devosition durins the formation of
the "Dundee". Fi-~ure 4 shows a concentric-ovate
pattern.

The greatest amount of cuartz is in Iosco and
Alcona Countiec. A microscopic study of the

detritals in this area showed a marked degree of
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sphericity. In view of the fact that these
grains could be water-bornz, the author belleves
that a trou~h may have been present in this
area a2nd tha2t this trouch may have rermitted
the possaze of sea-water into the Basin during
"Dundee" time. Water entering the Basin through
this trourh may hzve transported the detritals
by traction and probably caused the sphericity.
The Findlay Arch wec south of this troush and it
probably served as a source area for the sediments
that were transrorted by the water enterins the
Michizan Besin throu-h this trouch 2nd subsecuent-
ly deposited.
The createst amount of chert in the "Dundee" 1s
in the south and west varts of tke Lower Peninsulz.
Tarr (1926) stoted that chert is deposited from
sea=-water as selatinous silica. He concluded
that the coagulation of the colloidal silica
wag produced througsh neutrolization of the
necative charses on the silice by the pocitively
charced 1lons of sodium, potassium, calcium, 2nd
ma~nesium. However, there are differences of
opinion amoung geolosists as to the orisgin of
chert. The 2uthor believes that the small amount
of chert vresent in the "Duniee" 1s of secondar
orl~in and occurs in the formation as nodules and

cavity fillincs.
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7) The conditions indicated in the clastic-ration

map are:

Q-

the sreatest amount of clastic sedinments
was deposited in the west-central part

of the Michigan Basin during “Dundee" time.
These sediments were derived from the
erosion of the Wisconsin upland as indi-
cated by a decrease of clastic naterial
eastward from Lzke, Newaygo, Osceola and
Mecosta countles. This seems to sub-
stantiate the theory that the Wisconsin
Dome 1is the source for the clastic
meterials deposited in the west-centrel
part of the Michiren Basin during "Dundee"
time.

the roundness noted in soms of the
detritals derived from Wisconsin upholds
Landes's theory that »art of the clastic
materials brousht into the Michigan Basin
from the Wiscdnsin hishland were nossibly
wind-blown.

clastic sedlments compose a significant
part of the "Dundee" in Huron County. The
source for this 1s probably the Findley
Arch-Canadien Shield area.

the rel2tionchir of the isorach and facles
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lines showe a curvilinecr-discordont
vatterr. (Ficure 4) in Lake, Newzzo,
Osceola and Mecosta Counties. By
applying Krumbein's theory of tzctonie
foectors controlliny denosition in an
intracratonic basin, this rettern is
typical of an area where a local con-
centration of clestics has been poured
into a moderately subsiding area.
Dice (1955) noted that the west-central part of
the Lower Peninsula recelved the greatest amount
of clastic roterlial during the Devonian periocd.
His study does not indicate, however, whether
thece clastics were being deposited throuchout
the ertire period or whether they accunulated
in a relatively short period of time. Dewey
(1957) noted a "clastic hizh" trend in the
west-central pert of the state in his study of
tre upper Detroit River group sediments.

In this analysis, the author also found a
"clastic hizh" in the west-central part of the
Lower Peninsula. In view of these findings it
seems quite probable that the Wisconsin Dome
was supplying clastic material to the west-
central part of the lMichriszan Basin throuchout

early end middle Devorian tirme.
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Durinc the fineal stazes of deposition of the under-
lying Detroit River zroup sediments, the Mlchi~an Zasin may
have bheen cut off from any major source of iricoming water.
Bvaporation within the Basin caused the nrecipitation of
anhydrite which marks the upper 1limit of the Detroit River
group.

A combination of subsidence of the lichizan Basin
and/or a rise in the level of waters surroundins the Basin
could lLeve initiated the forration of the "Dundee" sediments.

Viarm waters entered tre Basin throuvsh a troush that
extended from Ontario into Iosco and Alcona Counties. Clastic
sedliments, supplied by the Findley Arch, were water-
transported into the RBasin and subsequently deposited in
this area.

The salinity of the water in the Rasin and tre warm
incoming waters were ideal for the formation and deposition
of rmarine limestone.

The "Dundee" formation in the Michisan Pasin is
primerily a carbonate deposit. The sreatecst amount of clastic
raterial deposited during "Dundee" time is found in two
areas. These areas are in lek=, Newayso, Osceola ard Meccsta
counties in the west-central part of the Basin and in Huron
County in the "Thurb" area of the Lower Peninsula of
Michican.

The center of deposition durings "Dundee" tire 1s ir

the Bay-Midleand Counties area. The thickness (46C feet) and

i Lt - Bt ‘ai )
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the relatively small arount of clastic materiasl in this area
lead the author to believe that the thickest deposit of
"Dundee" limestone was precipitated in an area where the
devocsition was contemporaneous with subsidence.

There are several theories as to the environmental
conditions that existed during the final stages of the
"Dundee" forration. One treory, which seems quite lo~ical

to tre author, is tiat in late "Dundece" time the Nichiran

t

sein mhy Tove bheen etercent. Sea-water probavly re-zntered
the B2sin and trans:ressed westward.

Erosion in the western nart of the Lower Penirsula
bafore the transgressins sza-water covered the "Dundze"
could possibly account for the thinninz of the sediments of
the forration in this area.

The transeressing sea provably carried the muds that

eventually formed the overlying Bell shale and culninated

the "Dundee" formation in the Michiren Basin.
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