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ABSTRACT

UPPER CAMBRIAN AND OLDER ROCKS OF THE
SECURITY-THALMANN NO. 1 WELL,
BERRIEN COUNTY, MICHIGAN

by Gordon A. Yettaw

Clastic rocks older than the Mt. Simon sandstone
have been reported in wells 1n the Southern Peninsula
of Michigan. The Security-Thalmann No., 1 is the first
well in southwestern Michigan to penetrate the whole
Cambrian section and was reported to have penetrated
over 1,000 feet of arkosic rock below the Mt. Simon.

Trhe problem involved determining the lithology of the
arkosic rock, a study of the Cambrian sequence in this
well, and comparison of these rocks with their equilv-
alents 1n Wisconsin, northeastern Il1linoils, and northern
Indlana.

Standard petrographic, mineraloglc, sedimentary and
geophysical techniques were used to study the well
cuttings of the Security-Thalmann No. 1.

The arkosic rock 1s a Precambrian granitic gneiss,
The lowermost Cambrian rocks in this well belong to the
Munising formation. In ascending order, they are: Mt,
Simon sandstone - white and hematlitlic sandstone, Eau
Claire sandstone - glauconitic, sandy dolomite and sand-

stone, Dresbach sandstone - non-glauconitic, dolomitic






Gordon A. Yettaw

sandstone, and the Franconla sandstone - very glauconitic,
sandy and silty dolomite. No Justification for sub-
divicding the Trempealeau formation according to the
Wisconsin classification was found; 1t 1s represented

by a slightly cherty dolomite. All the Cambrian forma-
ticnal units in the well may be compared as to their

gross lithology with the standard section of Wisconsin.
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INTRODUCTION

Ceneral

The Jacobsville sandstone was named by Lane &
Seaman (1307). They applied thils term to a red, slightly
arkosic sandstone cropping out in Jacobsville, a small
town 1in Houghton County, Northern Peninsula of Michigan.
Thwaltes (1912) correlated the Jacobsville with the
Bayfield group of Wisconsiln (Keweenawan age). Hamblin
(1958) on the basls of an angular unconformity between
the Keweenawan and the Jacobsville in northern Michigan,
dated the Jacobsville as lower or middle Cambrilan.
Ostrum (1964) states that a correlation of the Mt. Simon
of Wisconsin and the Jacobsvlille is obvious on the basis
of lithologic similarity. Cohee (1948) reports that
some deep wells 1in southern Michigan have penetrated an
arkoslic sandstone underlying the Mt. Simon and overlying
Precambrian rock. He questlonably correlates this with
the Jacobsville., Two wells drilled on Beaver Island,
Charlevoix County, Michigan, encountered a thick clastic
sequence below the Mt. Simon. Gutstadt (1358) sugzests
that possible equivalents of the Jacobsville may be
included in the basal and arkosic portion of the Mt.
Simon sanastone in Indiana. Calvert (1964) states that

most of Ohio 1s underlain by a basal arkose. Cohee (1945)






and Fettke (19&8) have assigned the name Jacobsville to
135 feet of graylsh-red, slightly ackosic sandstone in
a Putman County, Ohlo well.

These reports have led many Michizan geolozists to
believe sealments older than the Mt, Simon and possibly
Jacobsville equivalent to be present in the subsurface
of southern Michigan.

The Cambrian has not been extensively studied in
the Southern Peninsula. Cohee (1945, 1947, 1948) has
made a limited regional study of Cambrian rocks, con-
centrating primarily on southeastern Michigan. He is
largely responsible for our present subsurface Cambrian
stratigraphic nomenclature. Pennington (1967) studied
the Cambrian rocks found in the Perry-Wooden No. 1,

a well located i1n Cass County, southwestern Michilgan.
Kashfl (19€7) is presently studying the Cambrian sequence
of the State-Foster No. 1, drilled in Ogemaw County,
Michigan, east of the present center of the Michigan

Basin.

Nature and Scope

The Security-Thalmann No., 1 1s the first well in
southwestern Michkigan to peretrate the full Cambrilan
sequence. On 1nitial study of the cuttings, this well
was reported to have pernetrated approximately 1,000 feet
of possible arkosic scdiment urderlying the Mt. Simcn

sandstone.,



The problem of the existance or non-exlstance of a
thick arkosic seaiment below the Mt. Simcn sandstone is
a problem of long standing, that 1s well documented by
the literature., The possible arkosic sediment perietrated
by the Security-Thalmann No., 1 offered an opportunity to
study, in detall, the 1litholcgic nature of a reported
ar«ose to determine if 1t 1s a clastic deposit, igneous
rock, or metamorphic rock.

Since this well penetratea the full Cambrianr
sequence, 1t also offered an opportunity to study the
lithology and stratigraphy of the Cambrian and 1its
relaticn to the arkocse.

It is hoped that a detalled study of the Securlity-
Thalmann No, 1 cuttings, using petrographic, mineralogilc,
sedimentary and geophysical techniques, may help to
better define the 1lithologzy and stratigraphic relation-
ships of the Cambrian and older rocks in southwestern

Michilgan.



LABORATORY PROCEDURES

This study was completely of a laboratory nature,
and all work was carried out at the Department of
Geology, Michigan State University.

Drill cuttings from the Securlity-Thalmann No. 1 and
other wells which were used for this study were generously

furnished by the Michigan State Geological Survey.

Modal Analyses

Modal analyses were done on the basal arkosic
interval of the Security-Thalmann No., 1. Samples of
drill cuttings for the analyses were selected on the
hagsis of megascopic variation. A small, split portion
of each sample was mounted on a glass slicde with Lake-
side "70" and lapped to approximately .03 millimeters
thickness. A polarizing microscope and mechanical stage
-were used to identify and count 300 mineralogical points

for each slice.

Heavy Mineral Analyses

At least one heavy mineral analysis was carried out
on each sandstone unit and the arkosic interval of the
well, All heavy mineral separations were done with
tetrabromethane. The 1/8 to 1/16 millimeter size

fraction was selected for heavy mineral study. A

mn



polarizirg milcroscope was used for identification of the
heavy mineral grains, and at least 300 grains were counted
for each analysis. Because authlgenic pyrite often
comprised much of the heavy minerals, it was ellminated
from calculations made in Figure 6, on all but the

granitic gneiss.

Fragment Size Determinations

Under the assumption that the lower 1,000 feet of
the Security-Thalmann No. 1 1s a clastic deposit, a grain
slze study was carried out on this portion of the well.
For each drill cuttings mount, the long axis of each
mineral species was measured. Thilis method revealed no
significant grain size variation among mineral species,
The length measurements cbtained were interpreted to be
a function of grinding by the drill bit and the crystal-
lization size of the mineral speclies present. The data,

therefore, are not included in this study.

Particle Size and Sorting LEstimates

Suggestions for visually estimating grain slize and
sorting were taken from Buschbach (1964).

Measurements of graln size were made with a
binocular microscope equipped wilth a micrometer ocular.
The median graln size was obtained by visualizing the
sample divided into two equal pilles; one containing

sizes finer than some specific grain, and the other



containing sizes coarser than this grain. The measure-
ment of the width of this grain serving to separate the
two plles was used as the medlan graln size. The
maximum grain size was obtained by measuring the width
of the largest grailn found 1in the sample.

The Wentworth particle size classificatlon was used
for both clastic and carbonate units; and the followlng

classification for sorting was adopted for this study:

SORTING
Well Sorted - approximately 60 percent of sample
in 1 Wentworth grade size or less.
Mcderately Sorted - approximately 60 percent of sample
in 1 to 2 Wentworth grade sizes.
Poorly Sorted - approximately 60 percenﬁ of sample

in over 2 Wentworth grade sizes.

Magnetilc Susceptibllity Measurements

Magnetic susceptiblility measurements were made only
on the arkosic interval of the Security-Thalmann No. 1.
A Mcdel MS3 Geophysical Speclalties susceptibility
bridge was used for all magretic susceptibllity measure-
nents. Because drill cuttings were used for these
measurements, the followlng correcticn was applied to
the apparent magnetic susceptibility to correct for

percent voids:



CORRECTION FOR PERCENT VOIDS

The drill cuttings sample holder 1is a test
tube of inside diameter (Dc), and has a mark
on it indicatinz a known volume (V). CIDrill
cuttings f1l1l1 the sample holder above this
mark. After completing the magnetic
susceptibllity measurement and obtalning the
reading for the eapparent magnetlc suscep-
tibility (2), the sample holder 1is filled
to the known volume mark with water., The
volume of water required to accomplish this
is (va).

Let the dlameter of the sample well in
the center of the magnetic susceptibility
bridge be (Csb), and the true magnetic
susceptibility be (MS). Then:

MS = (Dsb)2 v N
Do X Tv=vay * (2)



Figure 1. - Location of Security-Thalmann No. 1 well,
SE S& SE Section 10, TES, R17W, Rerrien
County, Michigan



REGIONAL STRUCTURE

The Security-Thalmann No. 1 was cdrilled on the
scuthwestern edge of the Michligan Rasin and 1is prcbably
located on the Berrien antlcline, a positive structure
extending northeast from Berrlien County toward the cen-
ter of the Basin (Pennington, 1967). To the south and
west of this well liez the Kankakee arch, a broad
positive, structural element separating the Michigan
and Illinols basins and connectlng the Wisconsin arch to
the Cincinnati and Findlay arches. This arch plunges
gently southwestward from the Viisconsin arch in central
northern Illinois toward the Logansport Sag, a shallow
saddle 1In north central Indiana. A contlinuation of
this sazg, the Battle Creek troush, extends northeast-
southwest into the Michlgan Rasin about 40 miles east
of the Security-Thalmann No. 1 (Asseez, 15€6),

Based on gravity measurements in northeastern
Illinoils, McGinnis (19€€) proposes a graben filled with
Mt. Simcn sediments, comparable to the Red Sea Rift,.
His map indlcates an eastward continuation of this
graben into southwestern Michigan.

Structures thcught to be present during Cambrian
time are the northeastern Illinouis graben (McGinnis,
1966), Findlay and Wisconsin arches (Cohee, 13548),

Berrien anticline and Battle Creek trough (Asseecz, 1966),
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and the Michigan BRasin (Pirtle, 1932).

recambrian rocks in scuthwestern Michigan are
contacted at approximately 4,600 feet below the surface
and dilp to the nortreast toward the center of the bhasin.
Topographlic relief on the Precambrian surface may be
several hundred feet. Thils 1s evidenced by two wells
drilled on Beaver Island. One well reaches the base-
ment at 4,705 feet below sea level; another, only three
miles away, entered the basement at an elevation 700
feet higher (Cohee, 15€3).

The top of the Cambrian rocks occurs at about
2,650 feet below the surface in southwestern Michigan.
The Cambrian section is 1,958 feet thick in the Security-
Thalmann No. 1, and also dips to the northeast.

The post Canadlan unconformity responsible for
removing the Pralrie du Chilen rocks 1in other areas was
not evidenced in this well., In southeastern Michigan,
however, the Cambrian 1s overlapped by middle Ordovician

rocks (Figure 7).
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REGIONAL PRECAMBRIAN BASEMENT COMPLEX

Figure 3 shows the distribution of Precambrian
subsurface lithologles encountered in southern Michigan,
eastern Wlsconsin, northeastern Illinols, northern
Indlana, and northern Ohio as reported in publications,
sample descriptions and drillers logs.

Rudman and others (1965) have studled the geologzy
of the basement in the midwest. They prepared a geo-
chromological map showing isotopic ages of the Precambrian
rocks in the midwest. This map indicates rocks of two
age ranges exlst 1n the area of Figure 3. West of a
line extending from the southwestern tip of Indiana
to the western shore of Saglinaw Bay, west of the
"thumb" area in southern Michigan, these rocks are
considered to be part of what Engel, (1963) termed the
central province. Isotopic ages of rock samples from
this area range from 1.2 to 1.5 billion years. Pre-
cambrian rocks east of this line are considered to be
an extension of the Ontario, Grenville province,
Isctopic ages of rock samples from this area range from
0.8 to 1.1 billion years (Rudman, et al 1965).

As is 1llustrated by the figure, the greater pro-
portion of concealed Precambrian rocks in Wisconsin are
igneous and among them, granite predominates. Basalt

flows occur in some areas as do ryolite flows. Thwaltes
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(1531) examined a tube of samples from a water well in
the Wisconslin Dells, that had penetrated a basalt. He
found quartzite and granite below the basalt. Meta-
morphosed sedlments are especlally common 1in eastern
Wisconsin. The northern portion of the large area of
metasediments 1in the figure 1is called the Fond du Lac
range; the southern portions, the Waterloo range
(Thwaites, 1931). These ranges are primarily composed
of quartzites and Thwaites reports that they are of
Huronlan age.

Only seven wells have penetrated the Precambrian in
northeastern Iilinois. All were reported as granite or
zrancdiorite (McGinnis, 1966),

Within the area of Figure 3 in Indiana, there are
three basement wells. The eastern most well penetrated
a dark, purplish-gray augite andesite microporphyry
(Kottlowski, 1953). The other two deep tests were
reported to have encountered granite,.

According to Summerson (1962) the Precambrilan rocks
of Ohio may be 1lithologically divided into two groups;
those east of a lline from Sandusky Bay to Clerimonte
County, and those west of this line. The rocks east
of this line are primarily granite gneiss and are
associated with the east-sloplng side of the Appalachian
geosyncline. Those west of this line are primarily

granltes and assoclated with the Ohio platform.
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Two prominent liniar gravity trend: are present in
southern Michigan. One extends from southeastern
Michigan northwest-southeast into the upper peninsula
and may be genetically similar to the Mid-Continent
gravity "high". The second can be traced from northern
Kentucky to southwestern Michigan (Rudman et al, 1965).
Rudman and others suggest that these trends may be
caused by basalt flows of Keweenawan type.

Rocks from only three deep tests 1in southeastern
Michigan have been petrographically identifled; the
filrst 1n Washtenaw County - a chlorité schlst, the
second 1n Lenawee County - a granite gneiss (Summerson,
1961), and the third - the granitic gneiss of this
study. A well in Monroe County was also reported to
have encountered a granite gneiss. All other Precambrian
tests were reported to have penetrated granite at the
basement contact. The rocks, that have been ldentified
by petrographic means, indicate that southeastern
Michigan is underlain by metamorphic rocks probably of

Grenville age.



REGIONAL STRATIGRAPHY

Jaccbsville Sandstone

The Jacobsvlille sandstone crops out along the
southern shore of Lake Superior to the east and south-
west of the Keweenawan peninsula of Northern Michigan.
According to Hamblin (1358) the Jacobsville thickens to
the north where 1t may be several thousand feet thick.
Hamublin describes the Jacobsville as a redcdish-brown
mottled sandstone with white streaks, blctches and clir-
cular sgots. The sandstore is ccmposed primarily of
round to subangular quartz grains with fresh or slightly
altered feldspar, usually not irn excess of 15 percent.

The matriz of the sandstone is quartz and sericite.

Munising Sandstone

The Munising sandstone was named for rocks exposed
in bluffs near Munlsing, Michlgzan. The Munising in
northern Michlgan has been divided Into two members;
the Chapel Rock meuwber and the overlying Miner's Castle
member (Hamblin, 1958). These sandstones are exposed
along the northeastern Northern Penlinsula west to Pic-
tured Rocks and along an arc south from therc. 1In
southern Michizan, the Munising formation 1is divided
into four members: WMt. Simon, Eau Claire, Dresbach, and

Franconia (Michigan State Geologlcal Survey, 1964).

15
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The Chapel Rock sandstone 1s equivalent to the Mt.
Simon and Eau Claire of southern Michigan (Michigan
State Geological Survey, 1964), At Pictured Rocks, and
apparently throughout Alger County, Michigan, the sand-
stone ranges in thickness from 40 to 60 feet (Hamblin,
1958). According to Hamblin, the Chapel Rock sandstone
1s composed almost entirely of quartz, chert, and
quartzite grains with a matrix of small angular quartz
fragments acting as a clastic binder. He states that a
conglomerate 1s usually present at the base of the
Chapel Rock.

The Miner's Castle member 1s equivalent to the
Dresbach and Franconia (Michigan State Geologic Survey,
1564), This member constitutes the upper 140 feet of
the Munising formation in northern Michigan (Hamblln,
1958). According to Hamblin, the lithology of the
Miner's Castle 1s a white, fine- to medlum-grained sand-
stone, well- to poorly-sorted and cross-bedded with

occaslonal conglomerate lenses, shale beds and concretions.

Mt. Simon Sandstcne

The 1lithology of the Mt. Simon 1n scutheastern
Michigan is described by Cochee (1G48) as a medium- to
coarse-gralned sandstone with subangular to rounded
grains and a few beds of sandy dolomite Iin the upper
part. A study of driller's logs and publlished

descriptions reveals that the lower part of this member
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is usually hematitic and slightly arkosic at the base,
Where it 1is exposed, in western Wisconsin, local beds

of conglomerate and gray, plnk or red shale are common
(Twenhofel, et al, 1935).

In northeasterr Illinois, the Mt. Simon conslists of
fine- to coarse-grained friable sandstone that 1is com-
monly poorly sorted and contailns very flne pebhles.
Cores show well Jdeveloped cross-beddirg, especially in
the coarser grained beds. Pebbles are larger and more
abundant in the north central part of the state., Red
and green micaceous shale beds occur in the upper rart
of the Mt. Simon, but they are not continuous (PRuschbach,
1064),

According to Gutstadt (1958) the Mt. Simon of
Indiana 1s a fine- to ccarse-gralned sandstone varylinz
in color from clear to pink, and composed cf frosted
and well-rounded quartz gralns.

The Mt. Simon sandstone reaches its maxlimum
thickness in Will County, northeastern Illincls, where
it 1is approxlimately 2,800 feet thick (Ruschbach, 1964),
The sandstone 1s 1,040 fzet thick in scuthwestern
Michigan, In southeastern Michigan, Cohee (1948) cites

a thickness of 3CO feet for this unit.

Fau Claire Sardston:

Acccerding to Cohee (194E) the Eau Clalre 1n south-

eastern Michlman consists of sandstone, shale and sandy
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deolomite, and 1s locally very glauconitic. The cclor
of the dolomite cr the shale may be gray to dark gray,
rink, purple or red toc brown. The Eau Clalire 1s sandier
in western and northern Michigan than it is in south-
eastern Michigan. In the Perry-Wooden No, 1, Cass
Courty, Michigan, the Zau Clalre ccnslsts of a lower
zone of glauconitic, dolomitic sandstone. The mlddle
zore ccnslsting of siltstone contalning abundant dolomite,
muscovite and sandstore. The upper zcne is composed of
glauconitic dclomite which 1s commoconly sandy and shaly.
Anhydrite and gypsum were found in the upper and middle
zones of the Eau Claire (Pennington, 1967).'

Twenhofel and others (1935) separated the Eau
Claire in Wisconsin into two zores on the basis of
contalred fossilis. The lower zone was deslznated the

Cedarla and the upper the Creplcephalus zone. The

Cedaria zone consists of medium-grained sandstones,
Interbedded with fine-graired sandstcnes and siltstcnes
with cccasional beds and laminae containing clay

mirerals. The Creplcephalus zone 1s composed of thin-

bedded sandstones ard siltstones similar to those of the
Cedaria zcne, but glauccnite 1s locally common.

The mzjor lithology of the Eau Claire in north-
eastern Illinois is a fine-grained, well-sorted, glau-
coniltic sandstone with sha%e and siltstone becoming
predomlinant southward. Dolomite beds and fossil

fragments are common. The contact between the Mt.






Simon and the Eau Clalre in thic arca 1s ucually quite
sharp, but 1n places a trancsitional zone of coarce-
crained sandstone, interbecded with very fine, silty,
fossiliferous sandstone is present (Ruschbach, 195%).

The Eau Clalre in Indlana countalnc three charac-
teristic litholoslces: (1) very fine to fine dolomitic
sandstcne or siltcetone which is usually pink; some beds
contaln very abundant glauconite; (2) green, maroon,
and black shale, all glauconitic and micaceous; and (3)
light tan silty or sandy dolomlte, some beds beling very
glauconitic (Gutstadt, 1958). Gutstadt noted no regular
sequence of these 1lithologzies.

In southwestern Michigan, the writer found U430 feet
of Eau Claire. Cohee (1548) cites a thickness of 250
feet for thls sandstone in southeastern Michlizan. The
Eau Claire, where it 1s exposed 1n Wisconsin, has a
maximum thilckness of 125 feet (Twenhofel, et al, 1935).
In northeastern Illinols, the Eau Claire ranges from

375 to 575 feet thick (Buschbach, 1964), Gutstadt (1958)
reports a thickness of 800 feet for this unit in central

Indiana.

Dresbach Sandetone

The lithology of the Drestach in southeacstern
Michigan 1s a fine- to medlium-grained sandstone with
argular to rouncded, frosted and pitted quartz grains;

in some places, the lower portion contains thin beds of
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white to buff dolomite (Cohee, 1348). In the Perry-
Wooden No. 1, the Drestach sandstone consists of white
and buff dolomitic sandstone which is gererally non-
glauconitic, although some glauconite 1s present near
the lower and upper contacts (Pennington, 1967).

In Wisconsin, the Dresbach is presently considered
a stage 1including the Mt. Simon, Eau Claire and part of
the Michigan Dresbach equlvalent, the VWonewoc formation.

The Wonewoe formation 1s divided into the Galesville and

)

ronton members (Ostrum, 1966). In its outcrop area in
western Wisconsin, the lower 1limit of the Galesville is
placed directly above the disappearance of the

Crepicephalus fauna. In the subsurface, arnd where no

fosslls are present, the lower boundary is put at the
top of the highest shaly dolomite or fine-grained sand-
stone. As a rule, the Galesvlille in Wisconsin 1s a
medlium-grained, rather well-sorted, massive-bedded,
cross-laminated sandstone, and by definition free of
glauconite or fossils (Twenhofel, et al, 1935). The
Ironton in Wisconsin is ordinarily composed of coarse-
gralned, poorly-sorted sandstone becoming progressively
finer and better sorted toward the top. The member 1is
usually lizht gray, glauconitic and thick bedded
(Twenhofel, et al, 1935).

In northeastern Illinols, the Galesville 1is a filne-
grained, well-sorted, white to light buff, friable,

clean sandstone. Buschbach (1964) split the Ironton
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into four members. In ascendlng order, they are:
Buelter - medlum-zrained sandstone.

Fox Valley

medium-grained to coarse-zrained

dolomitic sandstcne and sanay dolomite,

Marywood - fine-grained, slightly dolomitic
sandstone,
Mooseheart - dolomitic, glauconitic, coarse-

grained sandstone.

In Indilana, the Galesvlille alone 1s consildered
equivalent to the Dresbach in Michigan (Gutstadt, 1558).
Gutstadt found the Galesville only in the northwestern
part of the state, where 1t 1s a dolomitic sandstone at
the top, grading downward to a sandy dolomlte. In the
eastern part of the state, the equivalent of the Dresbach
is not as yet differentiated within the Knox dolomite,
Gutstadt suggests that the lower part of the Knox may
be Cambrian In age. He’ aescribes this portion as a
finely-crystalline to saccharilodal dolomite containing
less than 10 percent chert, glauccnite, silt and shale.

Cohee cites 100 feet as the thickness cf the
Dresbach 1n southeastern Michigan. Pennington (1967)
reports 413 feet for this member in Cass County,
Michlgan. At 1its outcrop area in Wisconsin, the
Galesville has a maximum thickness of 75 feet and the

Ironton ranges from 3 to 15 feet thick (Twenhofel,
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et al, 1335). In central Illinois, the total thickness
of the Irontcon and Galesville is approximately 200 feet
(Buschbach, 1964). Gutstadt (1958) reports a maxiinum
thickness of 200 feet for the Galesville in wviestern

Indiana.

Franconlia Sandstone

According to Cohee (1948) the Franconia sandstone
of southeastern Michigan is a very glauconitic, fine-
to coarse-grained sanastcne composed of angular grains
of quartz and a few beds of dolomite. In the Perry-
Wooden No. 1, the Franconia 1s composed of sandy and

glauconitic, dolomitic siltstone (Pennington, 1367).
In Wisconsin, the Franconia is a staze name

including the Ironton member, the Lone Rock formation
and the Mazomanie formation (Ostrum, 19€66). Equivalents
of the Dresbach are the Lore Rock and the Mazomanie.
Berg (1954) divided the Lone Rock formation into four
members on the basis of contalned fosslls. In ascending
order, they are:
Birkmose - fine-grained, glauconitic sandstone.
Tomah - non-giauconitic Intertedded sandstone
and shale.
Reno - wormetones and zreen sand, highly glau-
conlitic and constituting over one half

of the Franconla stage in much cof

Wisconsin.
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Mazomanle - a non-glauconitic dolomitic sandstone
facles of the Reno, 1n eastern Wisconsln
compricing most of the Reno member,

The Mazomanie was later elevated to formational status
(Ostrum, 19€6)

In northeastern Illinols, the Franconla formation
consists primarily of light gray to pink, fine-gralned,
dolomltic sandstone that 1is alirost always glauconitic,
sillty, and argillaceous. In the southern half of
northeastern Illinois, however, the lower half of the
formation 1s sandy, glauconitic, brown dolomite. This
dolomitic facles constitutes the whole Franconia
further Scuth (Buschbach, 1364).

In eastern Indiana, Franconla equilvalents are
probably included 1n the lower part of the Knox formatilon
described undcr the Dreshach sandstone. In northuestern
Indiana, Gutstadt (1958) felt Justified in using the
term, Franconla, in only two test weslls. He based this
application on lithologic descriptions and correlations
from work in Illinois by Workman and Rell (1348).

Cohee (1948) reports that the Franconla in south-
eastern Michigan 1is 10 to 20 feet thilck and 1n eastern
Wisconsin, he cites a thickness of 140 feet for this
member, Pennington (1967) states that the Franconia 1s
25 feet thick in the Perry-Wooden No. 1. In west
central Illinois, the Franconia reaches a thickness of

approxinately LOO feet (Workman % Rell, 1958).
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Trempealeau Formation

The three members of the Trempcaleau formation of
Wisconslin are reccznized in places in Michigan. 1In
ascenalng order, they are: St. Lawrence, Lodl, aad the
Jordan sandstone. Cohee (1948) described the litholougic
character of the Trempealeau members in southeastern
Mlchigan. He reports the St. Lawrerce member consists
of gray, sandy, very gzlauconitlic dolomlte overlalin by
darx gray to black dolomitic shale and dolomite; the
Lodl member 1s generally white to buff dolomite, slightly
sandy, and locally pink; and the Jordan sandstone con-
sists c¢f well-rounded, frosted, and pitted quartz grains.
The Trempealeau of the Perry-Wooden No. 1 is composed of
glauconitic, slightly hematlitic dolomite and dolomitic
sandstone at 1its trase. The rest of the formation con-
sists of dolomite containing oolitic chert in the upper
50 feet. Traces of white soft gypsum were found
throughout the Trempealeau (Penrington, 1967).
Pennington was unable to 1ldentify the Trempealeau
menbers in the Perry-VWooden No. 1.

In Wisconsin, the Trempealeau staze 1is divided into
the St. Lawrence and Jordan formations (Ostrum, 196€).
Nelson (1956) divided the St. Lawrence into the Black
Earth and Lodi members. The Black Earth member over-
lies the Franconla aznd is reprcsented by sandy dolomite
and Iinterbedded dolomitic siltsteone. It 1is generally

massive, brown to buff, slightly glauconitic and has






algal structures locally. The overlying Lodl member
consists of siltstone which 1s generally dolomitic and
dclomitic sandstone (Nelson, 1956).

In northeastern Illinois, the Trempealeau stage 1is
divided into the Potosli formation and the overlyilng
Eminence formation (Buschbach, 1964), According to
Buschbach, the Potosi overlles the Franconia and con-
sists of fine-grailned dolcmite that usually contains
drusy quartz. The lower part of the formatlion normally
contalns some fine sand and glauconite, and a little
glauconite occurs near the top. The Eminence formatlon
is composed of sandy colomite with beds of sandstone at
or near the base (Buschbach, 19¢4).

In western Indlana, the Trempealeau was observed in
only two wells. In eastern Indiana, equilvalents of the
Trempealeau are probably included in the Knox dolomite
described under the Dresbach sandstore,

Cohee (1948) reports that the Trempealeau 1is 500
feet thick in southeastern Michigan. Pennington (1967)
assigned 332 feet to this formation 1n the Perry-Wooden
No. 1, Cass County, Michigan. Buschbach (1964) cites a
range of 140 to 370 feet for Trempealeau egqulvalents in
northeastern Illinois. In northern Indiana, Cohee (1948)

indicates a thickness of 700 feet.






ITHOLOGY OF THE CUTTINGS

Basal Arkosic Interval

The Securlity-Thalmann No. 1 was completed 1n an
arkosic material 1,040 feet below the base of the Mt.
Simon sandstone. There are two possible lithologiles
for this interval., One - 1t is an arkosic clastic
deposit, or two - 1t 1s a crystalline igneous or meta-
morphic rock., This sectlon of the paper 1is devoted to
describing the methods used to determine the 1lithology
and the results obtained from these methods.

The lower 1,040 feet of the cuttings are composed
of a mixture of moderately altered, granitic mineral
fragments, gray shale, buff limestone fragments, a few
subround, polished quartz grains, and some small sub-
round pebbles of limestone, granite, and quartzite.
Throuch a comparison with the lithologic units above
the arkosic interval, the writer eliminated the shale,
pebbles, and quartz grains as probable contamination.

A comparison of the gamma ray curve (Figure 8) of
this interval and the Mt. Simon sandstone above it
reveals that the radloactivity 1s about nine times
greater than that of the Mt. Simon. Extrecmely high
gamma ray radloactivity, such as this, 1s common among
izneous and metamorphic rocks. The neutron radiation

level within the Precambrian interval is higher than in
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any lithologlc unit above it. Porosity is commonly
determined by use of the neutrcn curve and a good rule

of thumb 1s that highly porous rocks show low neutron
radiocactivity, while dense non-porous rccks show hizh
neutrcen radiovactivity. No evidence of chale or limestone
beds was found on the gamra ray neutron log.

A large fragment of roczk, reported to hazve been
removed from the drill cuttings at the drillling site,
was studied. The composition, texture, and cptilcal
properties of this fragment are that of a zranitic
gnelss. All rotary samples of the Precambrian interval
were studled megascoplically and microscoplcally for
sedimentary characteristics, No definite sedlmentary
characteristics were found. A ccmplete discussion of
the petrograprhy of the frasgment and cuttings will be
ziven leater in this section.

Drilling rates for fcotage intervals within the
Precambrian were calculated from Infcermatlion recorded in
the daily drillirg reports of the Security-Thalmenn No.
1. The average drilling rate was 13.9 feet per hour,
but varied from 7.3 to 19.0 feet pexr hour. A T 7/8 inch
dlameter bit was used in thisz 1Interval. R. A. Cunningham
of Hushes Tool Compary (1067) estimates a rarnge of 5 to
14 feet per hcur for the penetration rate of a fresh
grarite using a 7 7/8 inch diameter drill bit with 4,200

pouncds of weight per inch of bit diameter. According to



Morlan (1365) penetraticn rates are highly dependent on

the amcunt of weight being placed cn the bit, Cunningham

states that the vypper 1imits on bit welights, now beling
used, are 1in the vicinity c¢f 10,000 pcunds per inch of
b1t dlameter. Bit welght Infcrmaticn on the Security-
Thalmarn No. 1 was not avallable. It would seem quite
pcssible then, due to the altered nature of the rock
and/br a heavy blt weight, that a penetration rate cf 19
feet per hour could be reached.

Drilling rates of separate footarse intervals are
Incluced in the adescriptive log in the appendix.

Macnetic susceptibility measurements were made on
the granitic portion of the Sccurity-Thalmann Nov., 1 as
an added tool to be used in distingulshin~ cranite from
granite wash. Taylor and Reno (1948) studied the maz-
netic properties of granite wash. They cited 50 x 10'6
C.5.8. units as the maximun maznetic susceptibillty cof
the granite washes they studled. The magnetic suscep-
tibility of 647 granites and related rocks, measured by
Magnolia Petroleum Company, ranced from 3 x 10“6 to
€,527 x lO"6 ¢c.%.s., units. Values greater than
50 x 10"6 C.Z.5. would not prove the rcck to be a
grunlte, but would support such a conclusion.

The measurements are presented in Figure 4. As
1llustrated by the graph, the values cbtalned are
extremely variable. This 1s probably cue to a number

of factcrs; variabllity 1n rock composliticn, amount of
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shale contamination within the cuttings, iron particles
from the rotary bilt, posslble errors in instrumentation,
the nature of the samples and because an extremely small
volume of sample was used to determine the magnetic
susceptibllities. DBecause of the great possibility for
error, these measurements are presented here only to
establish probable bounds within which the true magretic
susceptibility may fall.

It may be seen from the graph that most of the
values are 1in a range from 100 x 10'6 to 1,400 x 10‘6
C.%.8. units, indicating that the true magnetic suscep-
tibllity is greater than 50 x 10"6 C.8.5. units.

A small chip of rock, from the Precambrian interval,
studied petrographically, reveals that this rock 1s a
granitic gneiss, medium-grained, anhedral granular and
shows moderate granulation. Orthoclase, some string
perthitic and grid twinned micrccline are the major
feldspars, comprising 43 percent and 12 percent respec-
tively. They occur in anhedral, usually fractured or
granulated, grains ranging from 0.07 to 3.6 millimeters
in diameter. Quartz, contributing 28 percent, 1s
strailned. It ranges from 0.05 to 0.47 millimeters in
diameter and occurs as granulation and anhedral grains
surrounded by platy orientated chlorite. Feldspar
fractures and fractures between mineral grains, scme as
wide as 0.2 millimeters, are filled with chlorite and

calcite. A minor amount of sericitized oligoclase



31

(AnlS) and a trace of magnetite and zircon were also
found.

Quartz is the dominant mineral of the drill cut-
tings, and on an averagze constituted 31 percent of the
frazments. Over 50 percent of the quartz contalned
tiny, transparent, stubby, rod-like inclusions.

Negative elongation and crystal form indicate that

these are probably apatite. Bubble train inclusions
were present in almost all the quartz. Some inclusions
of chloritic material were present in the highly altered
zones; a full discussion of the highly altered zcnes
will be gilven later.

Uniaxial quartz predominated, but in all footage
intervals sampled, biaxlal quartz, usually with undulatory
extinction, was found. An 1ncrease in the amount of
biaxial quartz was noted within the highly altered
zones.

Feldspars accounted for an average of 37 percent
of the fragments. Orthoclase was the major feldspar and
on an average constituted 27 percent, 3.4 percent of
which was microperthitic. Polysynthetically twinned
microcline averaged 8.4 percent. Olizoclase (Anl3) was
present 1In amounts less than 1 percent. Almost all
feldspar showed some alteration to sericite and clay
minerals. Oligoclase, in particular, was severly seri-
cltized and in some cases, probably ldentifled as seri-

cite. In the altered zones, orthoclase, and to a lesser
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extent, microcline were altered to a mass of serilcite,
clay minerals, chlorite and calcite.

Biotite and hornblende on an average constituted
8.8 and 2.1 percent of the frasments respectively. In
all footage intervals, both showed some alteration to
chlorite and pseudomorphs after them were common.
Euhearal rutile and zircon were found as inclusions
within much of the bilotite and alsoc were found within
a few of the chlorite pseudomorphs.

Chlorite composed from a trace to 18 perccent of the
frazments. It was found along fractures and as patches
within orthoclase, microcline, and microperthite, as
well as pseudomorphs of biotite and hornblende. Calcite
was often assoclated with chlorite in the fractures,
but also occurred as 1solated fracgments and patches
within and assoclated with the feldspars.

Magnetite, sphene, pyrite, zircon, apatite,
hematite, tourmaline and leucoxene were found in minor
amounts 1n the modal analyses.

Two highly altered zores were found in the portion
of the granitic gneiss penetrated by thlis well. The
first is near the total depth of penetration and 1s 70
feet thick. Moderate alteration exists from This zone
to the total depth and for 15 feet above this zcne. The
second 1s about 50 feet below the Precambrian-Cambrian
contact and 1is 35 feet thick. Slight alteration extends

to the top of the gneiss and from the altered horizon
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down for 120 feet.
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tiotite and hornblende. The alteration 1n this zore may
be due to weathering.
Table 1 gives the mineral fraquenciles found in

both alteration zores,.

Table 1. - Modal analyses of alteration zones,

Upper Zone Lower Zone

Quartz 22.7% 27 .2%
Orthoclase U6,7% c8.2%
Microperthite 3.0% 2.3%
Microcline 1.0% €.0%
Biotite - 1.0%
Chlorite 17.7% 11.7%
Sericlte T.7% 15.3%
Cligoclase 1.0% 2.3%
Magnetite T% 1.0%
Hematlte tr. tr.

Zircon tr. tr.

Leucoxene - o 3%
Caicite tr. 2.0%
Pyrite - . 3%

The center of the Precambrian interval is composed
of U455 feet of unaltered to slizhtly altered granitic
rock. The range of cocmposition within this interval is

on the following page, Table 2.
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Table 2. - Modal analyses of the unaltered zone.
Quartz 30.0 - 50.3%
Orthoclase 21.0 - 23.0%
Microperthite 2.3 - T.T%
Microcline 2.7 - 10.0%
Sericite tr. - 5.C%
Riotite 13.0 - 6.3%
Hornblendce 2.3 - 5.0%
Chlorite 1.0 - 3.C%
Plagioclase 3 - 1.7%
Calcite 3 - L.0%
Magnetite .3 - 1.0%
Sphene 00.0 = 3%
Zirzon 0.0 - 2.0%

Magnetite and pyrite composed over 40 percent of
the heavy minerals in the gneiss. Magnetite cccurs as
irrezular grains, sometimes rimmed by a lisht brown 1ron
oxide (limonite?). Pyrite was found as irregular gralns
usually with a reddish-yellow metallic luster. The red
tint 15 probably due to a hematitic coating. Zirccn
and sphene were the most abundant non-opague minerals.
They cccurred as subhedral and euhedral mineral fragments,
probably crushed in drillins. Some hematite, tourmaline,
and apatite were also found.

The exact genesls of the granitic gnelss could not
be determined from the small fragment of gneiss available,
The gnelss could possibly be a metamorphosed granitic
rock, a granitic rock with primary flow structure, a
granitized sediment, or a metamorphosed sediment. It 1s

apparent, however, that in the later stages of its
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formation the rock was badly fractured. Late hydro-
thermal solutions probably used these fractures as
channels and altered, wherever fractures permitted,
feldspars to chlorite and calcite, biotite and horn-
blende to chlorite, and filled the fractures with
chlorite and calcite.

A complete 1llst of modal analyses may be found in

Appendix A.

Mt. Simon Sandstone

In the Security-Thalmann No., 1, 1,040 feet of Mt.
Simon sandstone unconformably overlies Precambrian
granitic gneiss. Thilis member 1s a sandstone consisting
of clear and frosted, round to angular, quartz grains
and some partings of gray, brown and red shale.

The Mt. Simon varies 1n colcr from white to 1light
red with an increase in hematitic grain coating. In the
lower half, sharp and frequent changes of color are
common. The upper half of the lMt. Simon consists of
190 feet of white sandstone at the top, quickly grading
to a hematitic pink sandstone, which is continuous for
2€0 feet.

The basal 5 feet of Mt. Simon 1s moderately-sorted,
coarse-grained and has a medlan grain size of 0.5 milli-
meters and a maximum grain size of 0.8 millimeters. With

this exception, the Mt. Simon 1s moderately-sorted and



medlum-gralned with the median and maxlmum graln size
varying from .3 to .4 millimeters and from 1.4 to .4
millimeters respectively from top to bottom.

The major heavy milnerals of the Mt. Simon are
1lmenite and leucoxere. Leuccxene occurs as rocunded,
dull, brownish-white grains. Ilmenite is present 1n
subround to irregular grains, with a purple gray metallic
luster. Zircon 1s the next most abundant mineral. At
the top of the sandstone, 1t comprised 19 percent of the
heavy mineral suite and 1ncreased to 50 percent in the
basal 1/3 of the member. Colorless zircon is the most
common varlety, but many grains had a light purplish
hue. Most of the zircon gralins are subround with
crystal faces still visible. Tourmaline occurs 1in
minor amounts as rounded elongate grains. Both the
brown and the indigo varieties are found. Sphene 1s
present only in the basal 1/3 of the sandstcone and

oceurs as subround light brown pleochroic grains.

Fau Clairc Sandstone

The Zau Clalre sandstone of the Security-Thalmann
No. 1 conformably overlies the Mt. Simon sandstone and

1s 430 feet thick. The basal portion of the Eau Claire

)

consists of a light gray, medium-gralned, well-scrted,
glauconitic, slightly colomitic sandastone. Four

characteristics of this basal unit made it easily dis-



medium-grained wlth the median and maximum graln size
varying from .3 to .4 millimeters and from 1.4 to .4
millimeters respectively from top to bottom.

The major heavy minerals of the Mt. Simon are
jlmenite and leucoxere. Leuccxene occurs as rounded,
dull, brownish-white grains. Ilmenite 1s present 1n
subround to irregular grains, with a purple gray metallic
luster. Zircon is the next most abundant mineral. At
the top of the sandstone, 1t comprised 19 percent of the
heavy mlineral suite and increased to 50 percent in the
basal 1/3 of the member. Colorless zircon is the most
common varlety, but many grains had a light purplish
hue., Most of the zircon grains are subround with
crystal faces sti1ll visible. Tourmalline occurs in
minor amcunts as rounded elongate grains. Both the
brown and the indigo varieties are found. Sphene 1s
present only 1in the basal 1/3 of the sandstcne and

occurs as subround light brown pleochroic grains.

Fau Clairc Sandstone

The Eau Clalre sandstone of the Security-Thalmann
No. 1 conformably overlles the Mt. Simon sandstone and
1s 430 feet thick. The basal portion of the Eau Claire
consists of a light gray, medium-gralneaqa, well-scrted,
glauconitic, slightly colomitlic sandstone. Four

characteristics of thils basal unit made it easily dis-
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tinguishable from the underlying MNt. Simon: (1) the
Eau Clalre 1s characterlstlicly zlauconitlc; (2) secondary

-

crystalllzation of quartz makes the grains ¢f the Zau
Claire precominantly angular; (3) the Eau Claire con-
teins a moderate amount cf light tan dolomitic cement;
the Mt. Simon, on the other hand, contalns conly a small
amount ¢f quartz cement; (4) the Zau Claire, although it
has the same median grain size, (0.3 millimeters) as the
Mt. Simon, 1s well-sortcd while the Mt. Simon 1s
modevately sortz=d.

The amount of dolomite and zlauconite within the
basal sand increases upward and the Lau Claire passes
to a pinkish tan, hematitic, very finely-crystalline,
glauconitic, sandy cdolomite containing soms brown, soft,
micaceous shale. The dolomite persists throughout the
remainder ¢f the Eau Claire with the upper 50 feet of
this member belrg less hematitic.

Irrezular to subround grains cf ilmenite, colorless
subround zirccn, and rcunded and etched garnet con-
stituted most of the hecavy mincrals ¢f the Ezu Claire,

A moderate amount of authigenilic leucoxene arnd a few

grains of 1ndlgo rounded tourmaline were slsc found,

Dresbach Sandstore

A change in lithology from the glaucunitic dolcmlte
of the Eau Clairc, to a non-glauconitic, medium-gralned

sandstone marks the base of the Dresbach member in the
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Sccurity-Thalmann No. 1. This merber 1s 131 feet thick.
Tre lower portlon of the sencdstone 1s composed of clear
and frosted, well-scrted, angular to rourd, quartz

grains showing much seccndéary crystallicaticn ¢f gueartz,
some licht tan colomite, and mlnor amounts of green-

gray chale. The upper portion consists of a very dolo-
mitic sandctcne with a 20 feet thick zcone containing
about 30 percent reddish-brown, micacecous shale, occurring
neer the top of the member. The meclian and maximum

izes remaln fairly constant througshout the member
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and range from .2 to .3 millineters and from € to .7
millimeters respectively from bottom to top.

Colorless gurnet comprised over 40 percent of the
heavy minerals; alnost all the grains were etched.
Rounded grains of ilmerite corntributced 34 parcent.

-

Green, yellow and 1irdigo tourmallne were prescrt in
minor awmourts, and cccurred as well-rounded oval
pleochroic gralns. Scme zircon and leuccxene vere also

found.

Franconia Sardstore

The Franconila sandstone overlles the Dresbach and
is 141 feet thick. This member consists cf very glau-
conitic, very filnely-crystalline, sandy delomite. The
Pagal portion of this member 1s light tan; above this,

ard extending upwards fer 25 feet, the Franconila i

[ 4]
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cemposed of light gray dcloumite arnd gray, very silty
dolomite. The upper porticon of the Franconia is a light
gray, very sandy dolomite, becoming brownich red and

less sandy near the top.

Trempealeau Formation

The tan pilnk, sanday dolomite lithology c¢f the top
of the Franzcoria 1is transitional into the Trempealeau
formation. Recause of thils transition, the base of the
Trenpealeau was estimated by lithologic variation, but
picked specifically on the basls of a decrease 1n gamma
ray radcdlation from the Schlumberger gamma ray-neutron
loz (Figure 8).

The Trempealeau in the Securlty-Thalmann No. 1 is
223 feet thick. The lovier part of the formation con-
sists of a light tan, slightly hematitic, sandy,
finely-crystalline dolomite, becoming slightly cherty
upward and ccntainlng scme green-gray and dark grey
shale. The upper portion of the formation 1s 1licht tan,
slizhtly hematitic, medlum- to coarsely-crystalline,
cherty, dolomlte containlng soie dark gray shale. This
litholcgy is contlnucus throughout the Cambrian-
Ordoviclan contact, making it necescsary to pick the togp
of the Trempealeau on the basls of a gemma ray radiation
increase (Figure 8).

The writer found no lithclogic units within the

Trempealeau that Justified using member nomenclature.



STRATIGRAPHIC IMPLICATIONS OF THZ HEAVY MINIERALS

The similarity between the heavy minerals of the
gnelss and those fcund at the base of the Mt. Simon
(Figure 6) suggest that the gneiss may have acted as a
lccal source for the basal portion of the Mt. Simon
sandstone. Pennington (1067), Asseez (1267) suggest
that the Berrien anticline was present during Cambrian
time. It 1s possible that this high furnished a
sedliment source for a short period during early upper
Cambrian time. Tyler (1936) reported the heavy minerals
of the Mt. Simon in Wisconsin as being dominantly
11lmenite and leucoxene with zircon and tourmaline
beilng common., The apparent deficiency of leucoxene in
the Mt., Simon of this study may be explained by con-
sidering leucoxene as an alteration product of ilmenite.

Tyler also studled the heavy minerals of the Eau
Clzire. He found zircon, garnet, llmenite, and leucoxene
to be common to abundant and tourmaline rare. Heavy
mineral frequencles comparable to thils were found 1n
the Eau Claire c¢f the Security-Thalmann No. 1.

The Dresbach of thls study was found to contain a
simple, well-rounded, heavy mineral assemblage (Figure
€). Such an assemblaze indicates multiple cycle
sedinentation. Zmrich (19€6) noted that the Ircnton and

Galesville sandstcnes in Illinols and Wiscorsiln, have
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well-rounded, simple heavy mineral assemblazes. He also
states that the heavy mineral suite of these sandstones
is composed chlefly of tourmaline, zircon, 1lmenite,
leucoxene and varying amounts of etched garnet. Only a
small amount of zircon was found 1n the Dresbach

(Figure 6). However, Emrich found the zircon content

of the heavy minerals wilthin the Galesville and Ironton
may vary from 63 to 2 percent and the garnet content may
vary from zero to 61 percent. The assemblage found in
the Dresbach is within this variability, but 1is not a
good heavy mineral correlaticn. It 1s suggested that
further study be done on the heavy mlnerals cf the
Dresbach in southern Michigan to find out how much the

heavy mineral sulite of this member varies,



ENVIROMENT OF DZPOSITION

Assuming that the granitic gnelss of the Security-
Thalmann No. 1 1s the same agze as the Precambrian rocks
of scutheastern Michigan, it was probably metamorphosed
about 1.2 - 1.5 billion years ago during the Elsonian
Orogeny. It is not known if Precambrian sediments were
later deposited on the gneiss. Occurrences of Pre-
cambrian sediments have been reported in areas adJacent
to the Security-Thalmann No. 1. However, 1f they were
present, they have been completely renoved by pre-
Paleozlc ercsion.

During early upper Cambrian time, a sea slowly
transzressed into southwestern Michigan. The sea
deposlited the Mt. Simon sandstone. During this time, a
ract of the granitic body of this study, had topographic
relief and was furnlishing clastic material to the Berrien
County area. This hiegh ccntinued to supply sediment

until it was leveled by erosion or buried by the

accumuiation of sediment. Concurrent with the granitic
source and throughout the Cambrian, a varlety of rock
types, centered around the Canadian shield, were supplylng
clastic material (Potter and Pryor, 1961). The sea
transgressed throughout Mt., Simon time, arnd by Eau

Clalre time, waters vere slightly deeper and condltions

were sultable for the Geposition of carbonates as well

Ly



as sand. Prior to Drestach time, the sca regressed
somewhat and the waters became shallow encugn for sand
deposition to aolomite, Sand deposition prevailed
throughout Dresbach time. During this time, the with-
cdrawal of the sea left some areas 1in nocthern Michigan
exposed., This is recorded by a disconformity between
the Chapel Rock and Miner's Castle member (Driscoll,
1959).

By the end of Dresbach times, the sea had begun to
transgress and carbonate deposition was under way. The
sea continued to transcress through Franconla time and
carbonates contirued to accunuiate forming the Trempecalcau.

Cypsum and arhyvdrite coccur in minor amounts in the
Zau Claire, Franconia and Trempealcau of the Perry-
Wecoden MNo. 1 and the 3tate-Fogter Nu., 1 wells. No
evaporites were found in the Security-Thalmann No. 1.
Both the wells contalninz zypsum and anhydrite ar
located in structural lows. The Perry-VWooden No, 1 1s
located in the Eattle Creek trough ard the State-Foster
No. 1 well occurs low structurally (Pennington, 1267).
Pennington, on the basis of a thicker Trempealeau section
in the Perry-Wooden No., 1, concluded that the Security-
Thalmann No. 1 was located un a structural hish, the
Bercrien anticline, and suggested this steuctural
relationship may have controlled evaporite deposltion
by allowing btrines, concentrated by evaporation in the

shallower structurally higher area, to flow down slope
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into the structurally lcw area. The writcr has studlead
sampie descriptions of all Precambrian deep tests in
southern Milchigan., No Cambrian evapovrites were reported
iIn these wells. This indicates that Caibrian evaporite
depcsltion is of a local nature. It 1s the writer's
opinion that restriction by Precarbrian hishs, sanid Yars
or other structural features supplied the necessary
enviroments for evapurite deposition duelng Cambrilan
time. Thils would explain the local nature of these

deposits.



CORRELATIONS AND STRATIGRAPEIC IMPLICATIONS

Gamma ray correlatlons of sub-Trenton rocks from
Beaver Island, Charlevolx County, Michigan, to south-
eastern Michigan are as shown in Figure 7. Because few
wells that penctrate the Cambrian in this area are
logzed, the correlations into Wisconsin and the Northern
Peninsula of Michigan were made on the basis of well
descriptions by Cohee (1945) and Dixon (1961).

In the Northern Peninsula of Michigan and in
Wisconsin the Trempealeau formatlion may be subdivided
on the basis c¢f l1litholozy, 1nto the Jordan, Lodl, and
St. Lawrence members (wells 2 and 3). In the Southern
Penlnsula these units are usually part of a dolonite
sequence and the Trempealeau may not be subdivided. In
Indiara (well 5) the Trempealeau 1s part of the Cambrian-
Ordoviclan Kncx Dolcmite and the boundary between the
two systems can not be pilcked on the basis of lithology
(Gutstadt, 1958) or gamma ray curve characteristics
(well 5). Gamma ray curve characteristics have been used
by Pennirgton (19€7) to correlate sub-Trenton rocks from
southwestern Michlican to northwestern Ohlo, but he by-
passed Indiara.

The Franconia, Dresbach, and Eazu Claire may be
correlated into the Northern Feninsula of Michigan,
western Wisconeln and northeen Indiana by gamma ray-

neutron lozs and sample descriptions. But the actuzal
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contacts between these members can not always tbe
definred.

The Mt. Simon 1s the nmost consistantly correlatable
unit of the Cambrian systcem. Thls menber has been
traced throughout southern Michigan, VWisconsin, Illinois,
Indiana, and Ohio by various workers.

A s5lichtly arkosic sandstone older than the Mt.
Simon was found in the State-Beaver Island No. 2 well
(well 5, Figure 7). OCver 800 feet of this unit were
penetrated in the State-Beaver No. 1 well drilled three
miles north of well 5. It 1s suggested that further
worK be done on thils unit to determilne its age and

relationship to the Cambrian section.



SUMMARY

The Security-Thalmann No. 1 penetrated 1,040 feet
of Precambrian moderately granulated, gzranlitic gnelss.
The lowermost Cambrian rocks in the well are
members of the Munising formation. The bagal member 1is
the Mt. Simon sancdstone. It is composed of 1,040 feet

of white and hematitic, moderately-sorted sandstone.

The Fau Claire member is 430 feet thick. It consists

of pilnkish-tan, glauconitic, sandy dolomite and a bascl
well-sorted, giauconitic, dolomitic sandstone. The
Dresbach member 1s composed of 131 feet of non-glauconiltic,
well-sorted, cdolomitic sandstone. The Franconia member

1s 141 feet thick and consists of very glauconitic,

sandy and sillty dolomite.

The Trempealeau formatlon 1s composed of 223 feet
of lizht tén to slightly hematitic, slightly cherty
dolomite. No justification for using Trempealeau memnber
nomenclature was found.

The wide-spread Post-Canadian unconformity 1s not
evidenced in this well, but 1s present in socutheastern
Michigan, along the Findlay arch.

The upper Cambrian sandstones of the Security-
Thalmann No, 1 may be correlated with upper Cambrian
sandstones of Wisconsla on the basis of heavy minerals.

However, further study of the heavy minerals of the

);9
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Dresbach 1s needed to make a definite heavy mineral
correlatlion between the Dresbach and its prcposed
I1linois and Wisconsin equlvalents, the Galesville and
Ironton sandstones.

Correlations of the upper Cambrian rocks of
southern Michligan, with those of northern Michigan,
Wisconslin and Indiana, were made throuch use of well
descriptions and gamma ray-neutron logs. A slightly
arkosic sandstone, penctrated below the Mt. Simon 1n
the State-Beaver Island No. 2 well, wes tentatively put
in the Cambrian system. Further study of this unit is

recomunended.
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Detalled descriptive log of the Cambrian system of the

Security-Thalmarn No, 1 well,

Canbrian System
3t. Croixan Series
Lake Superior Group

Trempealeau Formation (223')

Thickness
(Feet)

Dolonite, tan, medium- to coarsely- 40
crystalline, very cherty (oolitic),

slizhtly hematitic, trace of drusy

guartz and drusy calcite; scme shale,

cark gray, dolomitic,

Dolomite, tan, medlium- to coarsely- 5
crystalline, cherty, slizhtly hema-

titic, trace of drusy quartz and

drusy calclite; some shale, dark

zray, dolomitic.

Dolomite, tan, medium- to coarsely- 10
crystalline, slightly cherty,

slightly hematitic, trace of drusy

quartz and drusy calcite; some shale,

dark gray, dolomitic,

Dolomlite, tan, medium- to finely- 25
crystalline, slightly cherty, and

hematitic; shale (10-20%), dark gray

to zreen gray; trace of pyrite.

Dolomite, tan, finely-crystalline, 30
trace of pyrite; shale (5-10%),

green gray, dolomitic and reddish

brown, soft.

57

2675

2680

2630






58

Dolomite, tan and hematitic pink,
firely-crystalline, trace of drucy
quartz; a few quartz gralns round to
subround, pink, frosted; shale (5-
20%), green-gray and dark gray,
dolomitic.

funising Formation
Franconia Sandstone Member (1411)

Dolomite, brownish red (hematitic),
very fine tc finely-crystalline,
lauconite inclusions; some grailns
frosted; few pleces of pyrite.

Dolomite, light grav, very finely-
crystalline, much included glauco-
nite; sand grains (20-40%), angular
to subround, median graln .3mm, max-
imum grain .5mm, moderately-sorted;
trace cf pyrite.

Dolomite, dark gray, zilty, very
finely-crystalline, much included
glauccnite; sand grains (30%), anzu-
lar to subround, median grain .3mm,
maximum gzrain .5mm, noderately-
sorted; trace of pyrite.

Dclomite, 1isht tan to tan, very
finely-crystalline, glauconltic;
trace of pyrite; some sand grains,
angular to round, frosted.

Dresbach Sandstone Member (131')

Sand, white, angular to round,
medlum-grained, well-sorted, clear
and frosted, very dolomitic; some
seccndary crystallization of quartz,
median grain .Umm, maximum zrain
.Tmm. )

Sand, as above, but 30% shale, reddish

brown, micacecus,

Thickness
(Feet)

12

63

25

15

40

Depth to
top
(Feet)

oehs

29560

3000

3040
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Thickness
(Feet)

Sand, white, medium-zrained, clear 76
and frosted, well-sorted, ancular %to

round, slightly dclomitic, much

seccndary crystallization of quartz,

median grain .3mm, maximum grain .6mm.

Eau Claire Sandstone Mcmber (430')

Dolomite, dirty brown to gray, very 59
finely-crystalline, much giauconite,

sandy; shale, dark brcwvn, slightly

micaceous; trace of pyrite.

Dolomite, pinkish tan, hematitlie, 225
very finely-crystalline, glauconitice,

sandy; shale, green-gray, dolomitlic;

shale, brownish-red, micaceous, soft,
dolomitic.

Sand, gray-white, some frosted, 147
medium-grained, angular to subround,
well-sorted, dolomitic (1light tan),

slightly glauconitic; trace of py-

rite, much secondary crystallization

of quartz, median grain .3mm, maxlmum

grain .6bmm.

Mt. Simon Sandstone Member (1,040')

Sand, white, frosted and clear, medium- 48
grained, moderately-sorted, round to

angular, very little secondary crys-
tallizatlion of quartz, medlan grain

.3mm, maximum grain .40mm; shale

(20%), brown-black, soft, shiny,

dolomitic.

Sand, as above, but shale (15%). 100

Sand, as above, but pure and white, 30
subangular to round.

Sand, as above, but hematitic pink; 260
shale (10%), green-gray, soft,
dolomitiec.

Sand, as above, but white, Ls

Depth to
top
(Feet)

3060

3136

3195

3420

3615
3715

3745

4005



€0

Thlckness Depth to

top

(Feet) (Feet)
Sand, as above, but hematitic. 10 4050
Sand, as above, but white. 60 1060
Sand, white, frosted and clear, 5 4120
medium-grained, moderately-sorted,
round to angular, very lilttle sec-
ondary crystallization of quartz,
median graln .40mm, maximum graln
1.40mm; shale (10%), green-gray,
soft, dolomitic.
Sand, as above, but hematitic. 35 k4125
Sand, white, frosted and clear, Lo 41€0
mediur-grained, subround to angular,
moderately-sorted, median grain .4Cmm,
maximum crain .€5 mm; shale (30%),
red, scft, micaceous.
Sand, as ahove, but no shale. 35 L200
Sand, as above, but slightly hema- Lo L2235
titic; some shale, red as above; and
shale green, dolomitic.
Sand, as above, but white, 50 L2275
Sand, as above, but hematitic, 5 4325
Sand, as above, but white. 10 4330
Sand, as above, but hematltic. 60 4340
Sand, as above, white, and no shale. 10 Lyo0
Sand, as above, but hematitic. 25 4410
Sand, as abcve, but slightly hema- 10 4435
titic; some shale, green gray.
Sand, as above, but no shsale. 30 quls
Sand, as above, but some shale, 5 4hrs

green-gray.
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Thicknress

(Feet)

Sand, as abcve, but white, and no 20
shale.

(&)}

Sand, slizhtly-hematitic, coarce-
grained, moderately-sorted, frosted
and clear, medlan grein .50mm, maxi-
mum grain .80mm; trace of shale,
green and brown; trace of feldsgar.

Precambrian System
fGranitic Grneiss (1,CLO')

Granltic grelss; orthoclase and 63
microcline, orange and white, fresh

to dense white with pink nottling;

quartz fragmental, clear, some yellow,

when associated with biotite ang, /or

feldspar 1s in an 1Interlocking

crystal arrangement; books of bio-

tite, green-black, fresh, shiny

black.

Granltic snelss; microcline and 35
orthoclase, primarily dense reddich-

brown to lizht crange; a few feld-

gpar frazments hichly altcred te

dense whlte with pink mottling; sone

bocks c¢f green-black blotite; quartz,

clear, fragmental splinters; some

chlorite.

Granitic gneilss; orthoclase and 216
microcline, mostly white, some light

oranze, some cence whilte feldspar;

bookss of %Peenish—black biotite;

(A700_to 1710) hichly contaminatad

wilth Ellswcrth Shale and Trernton

Lincstone,

Depth to
top
(Feet)

4580

41600

i=
o
O
ON

LE6o

1525

Calculated drilling rate from 4703 to 4736, 7.3 fect per hour.






Thickness Depth to

top
(Feet) (Feet)
Granitic rnelss; feldspar, primarily 260 k915

white, scme fragrnients ¢f crange feld-
spar; scme dense whlte, altercd

bcoks of black, shiny bilotite;
guartz, clear fr“**cntal; (5100 to
5135, 5240 to 52€0 ard 5345 to 5375)
hizhly contaminated with Ellsworth
Shale arnd Trertorn Limectone; (5260 to
55LV) contains a few water polished
cand grains (Plelstocene?).

hour,

Calculated drillinc rate from LST76 to 5097, 17. r
5266, 12 >r hour.

from 5202 to &

Granitic cneiss; feldspar, 70% white 185 5375

and 307 pink; bluck, pearly books of

biotite, some ferrugincus; quartz,

clear, fragmental.

Calculated érillins rate frem 5266 to 5378, 14.0 fect per hour.
Granitic rnelss; feldspar, ddish- 70 5460
crange; quartz, clcar, ye 1ow and

rzd, fragmental; biktit3, mreen-

black tu green; some chlorite.

Calculated drillins ratz from SU43T to 5560, 15.4 feet per hour.

Granitic cnelss; feldsrar, 7O0% white 117 5530
and 20% pink; pearly black and

greenich buoks of biotite; quartz,

clear to yellow, frammental.

Calculated drilling rate from 5567 to 5647, 19.0 feet per hour.
Total Depth 56471
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