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Abstract

The Midcontinent Rift (MCR) Study is one of several studies sponsored by
the U.S. Geological Survey and state geological surveys through the Midcon=-
tinent Strategic and Critical Minerals Program. The study has several parts,
including an examination of clastic rocks associated with the MCR, both from
surface exposures in the Lake Superior region and from cores and cutting
samples from the subcrop belt to the southwest of Lake Superior. In the fall
of 1985 and Spring of 1986 geologists from the Minnesota, lowa, Nebraska, and
Kansas geological surveys examined the exposures and subsurface samples in the
respective state repositories. This is a first attempts to correlate the
stratigraphic positions of the Middle to Upper Proterozoic Keweenawan super-
group clastic units observed in exposure with clastic rocks from the sub-
surface in other areas of the rift. The small number of subsurface sample
sets, the generally shallow penetrations of these clastics, and the often poor
quality of the samples (primarily cuttings) make this task difficult. Never-
theless, some preliminary correlations, were suggested based on hand-specimen
examination. No rock units similar to the Oronto group (or Solor Church
formation) were recognized in the subsurface south of the Twin City basin.
Units similar to the Tower part of the Bayfield group of Wisconsin were ob-
served in Minnesota (Fond du Lac formation), Iowa ("red clastics"), Nebraska
(in the Schroeder #1 well) and in Kansas (in the Finn 1-1 well). Rocks
similar to the quartz arenites of the Devils Island sandstone (Bayfield group)
were seen in Minnesota (Hinkley sandstone) and possibly Nebraska ("red
clastics"), and Kansas (Rice formation). Another rock unit recognized appears
to be most similar to the non-marine, basal units in the Cambrian Mt. Simon
formation as defined in northern I1linois, also called Mt. Simon in Towa, and

very similar to part of the "red clastic" sequence in Nebraska and the Rice



formation in Kansas. The lack of fossils or presently recognizable marker
beds make time correﬁations very of these clastic rock very difficult, but one
of the goals of this study is to identify such markers.

Major copper and minor silver, lead, and zinc mineralization is associ-
ated with MCR-related clastics rocks of the Lake Superior region. Chalcopy-
rite and bornite(?) observed in a core from Iowa was the only such minerali-
zation observed during our cursory examination of subsurface samples. More

definitive statements about mineralization in these rocks will follow detailed

studies of available samples.
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Introduction

This study of the Midcontinent rift system was initiated in F.Y. 1985 as
a component of the U.S.G.S. Midcontinent Strategic and Critical Minerals Pro-
gram. The study was organized to investigate the Midcontinent rift system, a
failed rift which developed about a billion years ago and extends for 1600 km
(1000 mi) from central Lake Superior to northern Oklahoma. The goals of the
multi-year study are to examine and evaluate all extant data, to determine
what additional data would be most useful to refine interpretations of the
rift and evaluate its mineral potential, and to obtain and analyze these new
data within the financial and time constraints of the larger program.

The first year of the study was dedicated to describing and sampling
surface exposures and materials collected from subsurface penetrations of
Keweenawan clastic rocks from Michigan, Wisconsin, Minnesota, Iowa, Nebraska,
and Kansas. The study was divided into two stages, the first an examination
of exposures in Minnesota, Wisconsin, and Michigan; the second a two-phase ex-
amination of subsurface materials in Kansas and Nebraska (Phase 1) and in lowa
and Minnesota (Phase 2). Future years of this study, as they are presently
envisioned, include standardization of subsurface data, production of thin-
sections from key samples, petrologic studies, x-ray determinations of clay
mineralogy, chemical analyses, and an attempt to extend clastic stratigraphic
nomenclature from surface exposures into the subsurface. A similar study of
igneous rocks associated with the rift may follow. If the results of the
study warrent it, and if funding is available, some dedicated drilling may be
employed in special problem areas.

This report will describe activities during the first year of the study,
including descriptions of each exposure and the rocks collected, followed by a

proposal for continuing work in the following year.



PART I: EXAMINATION AND SAMPLING OF EXPOSURES

Exposures of clastic rocks assigned to the Keweenawan supergroup in east-
central Minnesota, northern Wisconsin, and the northern penninsula of Michigan
were examined on September 27 through October 1, 1985, Table I Tlists the ex-
posures examined and their locations, and Figure 1 shows the rock units
examined at each locality. Participants in this part of the study included
Peter McSwiggen (Minnesota Geological Survey), Pieter Berendsen and Andrzej
Barczuk (Kansas Geological Survey), and Ray Anderson and Robert McKay (Iowa
Geological Survey Bureau). Special assistance in locating and interpreting
exposures in Wisconsin and northern Michigan was provided by Mike Mudrey (Wis-
consin Geological and Natural History Survey) and Albert Dickas (University of
Wisconsin-Superior). The goal of the exposure study was to locate, describe,
and sample as many of the Keweenawan clastic type sections as possible or the
best available representative sections, sections that best displayed the
stratigraphic relationships of these units, and other clastic and nonclastic
sections that would aid in understanding the structure, stratigraphy, lith=-
ology, or depositional environment of the Keweenawan clastic rocks. This in-
formation will be used to help understand the geology of similar units en=

countered in the subsurface south of the outcrop belt.

Exposure Descriptions

Stop 1: Chengwatana Volcanic Group at Cross Lake Dam, Pine City, MN

Stop 1 was the Cross Lake Dam, on the Snake River at the southeast end of
Cross Lake about 1 mile northeast of Pine City, Minnesota. This area repre-
sents the type locality of the Keweenawan age Chengwatana volcanic group, a

sequence of mafic flows displaying a regular sequence of textures ranging from



Exposures Examined.

TABLE 1.
Date Stop
g/27 1
9/27 2
9/27 3
9/27 4
9/27 5
9/28 6
9/28 7
9/28 8
9/28 9
9/28 9a
9/29 10
9/29 11
9/29 12
9/29 13
9/29 14
9/29 15
9/29 16
9/30 17
9/30 18
9/30 19
9/30 19a
9/30 20
9/30 21
9/30 22
9/30 23
9/30 24
9/30 25
10/1 26
- 10/1 27
10/1 28
- 10/1 29
10/1 30

Exposure

Cross Lake Dam, Snake River,
Pine City, MN

Quarries at Robinson Park
Sandstone, MN

Hwy 123, Kettle River,
Sandstone, MN

Hwy 23, Askov, MN

Town Park, Holyoke, MN

1-35, exit 246, Duluth, MN

Mission Creek, Duluth, MN
Fond du Lac Park, Duluth, MN
Jay Cooke Park, Duluth, MN

Town Park, Two Harbors, MN
Washburn, WI

Siskiwit River Cornucopia, WI
Iron River, Port Wing, WI

Big Rock Park, Washburn, WI
White River Dam, Ashland, WI
Radio Tower Hill, Mellen, WI
Potato River Park, Gurney, WI
Freda, MI

Phoenix, MI

Eagle River, MI

Copper Harbor, MI

Lac La Belle, MI

Haven Park, Lac La Belle, MI
Gay, MI

Baraga, MI

Silver City, MI

White Pine, MI

Porcupine Mountain Park, MI
Saxon, WI

Copper Falls Park, Mellen, WI

Amnicon Falls Park,
Superior, WI
Pattison Falls Park,
Superior, WI

Location

T42N
T42N
T42N

T43N
T46N
T49N

T49N
T49N
T49N

T52N
T48N
T51IN
T49N
T48N
T47N

T46N

T58N
T58N

T58N
T58N
T56N
T50N
T51N
T50N
T50N
T48N

T45N
T48N

T46N

R20W
R20W
R20W

R19W
R16W
R15W

R15W
R15W
R15W

R11W
R4W
R6W
ROW
R4AW
R4W

R1W

R31W
R31W

R29W
R29W
R30W
R33W
R42W
R45W
R45W
R49W

R3W
R12W

R14W

Unit(s) Exposed

Chengwatana volcanic group
(type area)
Hinkley sandstone (type section)

Hinkley sandstone

Hinkley sandstone

Hinkley sandstone

Nopeming sandstone (type
section), Ely's Peak basalt

Fond du Lac formation (type area)
Fond du Lac formation (type area)
Fond du Lac formation (type
area), Thompson formation

North Shore volcanic group
Cheguamegon sandstone (type area)
Devils Island sandstone

Orienta sandstone (type area)
Cheguamegon sandstone

Freda sandstone

Puritan granite

Oronto group

Freda formation (type section)
Portage Lake volcanic group
Portage Lake volcanic group,
Copper Harbor conglomerate
Copper Harbor conglomerate (type
area)

Portage Lake volcanic group
Portage Lake volcanic group
Jacobsville sandstone
Jacobsville sandstone

Nonesuch shale (type area)
Unnamed (rhyolite) formation
Freda sandstone, Nonesuch shale
Portage Lake volcanic group and
interflow clastics

Portage Lake volcanic group,
Oronto group

Portage Lake volcanic group,
Orienta sandstone

Portage Lake volcanic group,
Orienta sandstone
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Figure 1. Keweenawan and associated rock units examined in exposures in
Part I of the Keweenawan study. The numbers to the left of the
stratigraphic column are stop numbers and indicate which units
were examined at each stop.



a basal aphanitic unit into an ophitic diabase or porpyritic unit and an
uppermost vesicular unit., Vesicles in the upper unit are variably filled with
zeolites, calcite, epidote, and other secondary minerals.

High water levels obscured most exposures at our visit to the area, how-
ever three samples were collected. These samples are described in Appendix

I. Two samples were collected by Berendsen and Barczuk. See Appendix I.

Stop 2: Hinkley sandstone at quarries in Robinson Park, Hinkley, MN

The abandoned quarries along the west bank of the Kettle River, just east
of Sandstone, MN, on Minnesota highway 123, form the type section of the Upper
Keweenawan Hinkley sandstone, Stop 2. The rocks at location are beige to
orange-red, fine-to coarse-grained, angular to well rounded, quartz arenites.
Large scale cross-bedding was observed and ripple marks are present. Morey
(1979) described the cement as weak to strong including post-depositional
silica and iron oxide. Tryhorn and Ojakangas (1972) suggested a probable
stable, shallow water depositional environment. Five samples were collected

at this stop. Descriptions are reproduced in Appendix I.

Stop 3: Hinkley sandstone at the east bank of Kettle River at hwy. 123,
HinkTey, MN

The third stop was a road cut on the east bank of the Kettle River along

Minnesota highway 123, just across the river from Stop 2. The rocks in the
road cut are correlated to those observed at the Robinson Quarry (Stop 2), are
considerably less-well cemented suggested a greater degree of weathering. One

sample was collected at this stop by Beredsen and Barozuk.

Stop 4: Hinkley sandstone in roadcut along hwy. 23, near Askov, MN

The fourth exposure examined was in a roadcut along the Minnesota



highway 23 northeast of Askov, Minnesota. This exposure is about seven miles
(11 km) northeast of Stops 2 and 3, and the rocks exposed are similar. Bed-
ding at this exposure is generally thinner (cms) with iron oxide cement much
more abundant. Individual beds can be traced for several hundred feet, and
some contain abundant heavy minerals. One samples of a heavy mineral rich bed

was collected by Pieter Berendsen and Andrzej Barczuk.

Stop 5: Lower Hinkley sandstone, city park, Holyoke, MN

The basal Hinkley sandstone crops out at the city park in Holyoke, Min-
nesota, about 10 miles (16 km) southeast of Duluth. At this location, about 8
feet (2.5 m) of the Hinkley is exposed along a creek. The rock is reddish
orange, fine to medium-grained rounded to angular quartz arenite. Rock frag-
ments and feldspar grains are more abundant at this location. One sample was

collected.

Stop 6: Nopeming sandstone near Nopeming, MN

The type section of the Nopeming sandstone is located northeast of =35
interchange number 246, 2 miles (3 km) west of Duluth. The exposure is on a
dirt road, south of a paved road paralleling 1-35 and about 1/4 mile (400 m)
east of its intersection with Midway Road at the interchange. At this expo-
sure the Lower Keweenawan Nopeming sandstone and its contact with the over-
lying Ely's Peak basalt are visible. About 25 feet (7.5 m) of Nopeming is ex-
posed ranging upward from a light gray quartz cemented conglomerate to buff to
gray mottled silica cemented quartz arenite with thin interbeds of very dark
gray, tan, rust and green colored metasiltstone near its upper contact. The
conglomerate is about 8 feet (2.5 m) thick and contains about 10% coarse
clasts (sub-rounded, generally 3 to 5 cm diameter) and dominantly milky

quartz. The clasts are enclosed in a in a quartz sand well sorted, medium=-



grained quart sand matrix that is is well cemented with silica cement.

Overlying the conglomerate is a fine to medium grained quartz arenite that
contains scattered rock fragments. Near the its upper contact with overlying
basalt the quartz arenite beds become silty and are interbedded with thin beds
of siltstone with zones containing small (to 2 cms) rip-up clasts. Cross-
bedding is observable in these beds which display an overall gentle eastward
dip. Morey (1978, p. 13) divided the exposure into two lithotopes; the upper a
fine-grained laminated to thin-bedded metasiltstone, and the lower a cross=-
bedded medium to coarse-grained quartzite.

Rocks of the overlying Ely's Peak basalt are black to dark gray fine-
grained augite basalt porphyries and are associated with the Towermost part
(Lower) Keweenawan of the North Shore volcanic group (Green, 1973). Pheno-
crysts are about .5 mm in diameter. Small-scale Toad structures in the upper
15 cm of the quartzite and pillow structures in the overlying basal were inter=
preted by Mattis (1972) as suggesting that the flows were extruded into the
same body of water in which the sediment (still unconsolidated at the time) was
deposited. Samples of Nopeming conglomerate, sandstone and siltstone and Ely's

Peak basalt were collected (including - 4 samples by Berendsen and Barczuk).

Stop 6a: Thompson formation west of Duluth

This stop was a quick look at one exposure of the Penokean (Early Protero-
zoic) Thompson formation about 1/4 mile (.5 km) east of Stop 6. The Thompson
formation at this exposure is a light to dark gray graywacke with local quartz
veins (probable source materials for the coarse clasts in the overlying
Nopeming sandstone conglomerates) and graded bedding. Bedding at this exposure
is nearly vertical, in sharp contrast to the nearly horizontal bedding in the
overlying Nopeming sandstone. Two samples of the Thompson formation were col-

lected by P. Berendsen and A. Barczuk.



Stop 7: Fond du Lac formation along Mission Creek, Duluth, MN

Stop 7 is in the type area of the Upper Keweenawan Fond du Lac formation
and is located about .5 mi (1 km) north of Minnesota highway 23, along Mission
Creek, at the western most end of Duluth. Approximately 25 feet (7.5 m) of
section is exposed at this stop including gray, buff, green, and red sand-
stone, siltstone, and mudstone. The lower 12 feet (3.5 m) of the section is
dominated by red siltstones and mudstones having abundant subrounded gray
mottles. Thin interbeds of sandstone are locally present as are abundant clay
intraclasts, asymmetric ripple-marks, and related current structures.

Overlying the basal sequence, is about 8 feet (2.5 m) of red, fine-to
medium=-grained, crossbedded silty sandstone containing interbeds of gray to
buff sandstone with green clay partings. A typical composition of the sand-
size component includes quartz (50%), feldspar (30%), and volcanic rock frag-
ments. Other beds are dominated by pebbles of volcanic rock fragments. The
upper 5 feet (2 m) of the section is composed of thin-bedded red silty sand-

stone. Samples of all rock types were collected.

Stop 8: Fond du Lac formation, Fond du Lac Park, Duluth, MN

Fond du Lac Park is located west of Minnesota highway 23 on the north
bank of the St. Louis River in south Duluth. There are several exposures of
Fond du Lac Formation in the forested area in the northwest corner of the
park. Units observed include, red, medium-to coarse-grained, crossbedded
sandstones intercalated with beds of shale as much as 5 feet (2 m) thick and
characterized by spherical areas of better-cemented sandstone with a con-
cretionary appearance. Fine-to medium-grained, white-mottled units are
present, as well as pebble conglomerates containing clay rip-up and quartz
clasts in a medium-grained quartz and feldspar sand matrix. Representative

examples of all major rock types were collected.



Stop 9: Basal Fond du Lac Formation, Jay Cooke State Park, MN

Stop 9 includes a conglomerate unit at the base of the Fond du Lac forma-
tion and its angularly unconformable contact with the underlying Thompson
formation (Penokean). The section is exposed along the Little River, about .4
miles (.6 km) north of Minnesota highway 210 (Oldenberg Road) in Jay Cooke
State Park west of Duluth. At this locality the 60 feet (18 m) of basal con-
glomerate is dominated by clasts of milky-white vein quartz as much as 6 inch-
es (15 cm) in diameter, but also include clasts of chert, quartzite, gray-
wacke, and slate (apparently derived from the underlying Thompson formation).
Matrix materials are dominated by fine-to coarse-grained milky quartz sand,
with some coarse grained slate and graywacke sand. Cements include calcite,
clay and pyrite. The conglomerate grades upward into arkosic sandstone simi-
lar to that observed at Stop 8 (Morey, 1979, p. 12). Samples of the basal

Fond du Lac conglomerate and underlying Thompson formation were collected.

Stop 9a. North Shore volcanic group, city park, Two Harbors, MN

Exposures of two Middle Keweenowan basalt flows were examined at Stop 9a,
a city park along Lake Superior in Two Harbors, Minnesota. The rock is a red-
weathering dark to medium gray porphyritic basalt. Phenocrysts are pink feld-
spar crystals to 1 cm in length. Basal flow units are massive, becoming in-
creasingly vesicular toward the flowtop. Most vesicles are filled with zeo-
lite minerals, epidote, quartz, chlorite, and calcite. Fragments of red mud-
stone to 5 inches (12 cm) in lengths were also seen. One sample was collected

at Stop 9a by Berendsen and Barczuk.

Stop 10: Chequamegon sandstone, Washburn, WI

The type section of the Upper Keweenawan Chequamegan sandstone, the

upper-most unit in the Bayfield group, is exposed a few hundred yards north of



the marina on Chequamegon Bay in Washburn, Wisconsin, on the eastern shore of
thé Bayfield Penninsula. The unit is a white mottled, red to pinkish gray,
poorly-sorted, fine-to medium-grained, rounded to angular arkosic sandstone.
Grains are dominantly quartz, with minor feldspar grains and rock fragments
present. The rock is poorly cemented, dominantly by iron oxide. Bedding is
uneven and generally thick to massive, however some thin-bedded intervals are
present, often associated with thin siltstone partings. Cross=bedding was
observed and burrow=like structures (possibly load casts) are present in thin-
bedded intervals. Locally abundant clay chips and other intraclasts up to

several centimeters in diameter were also observed. Samples were collected.

Stop 11: Devils Island sandstone, Siskiwit Falls, Conucopia, WI

The Devils Island sandstonee (Upper Keweenawan), the middle formation of
the Bayfield group is exposed at Siskiwit Falls, on the Siskiwit River about 1
mile (1.6 km) south of Wisconsin highway 13, and 1 mile (1.6 km) east of Conu-
copia, Wisconsin. The unit is a pink to orange colored, well sorted, fine-to
medium-grained well rounded quartz arenite. Bedding ranges up to about .5

feet (15 cm) with local cross-bedding. Samples were collected.

Stop 12: Orienta sandstone, Iron River, Port Wing, WI

Stop 12 was at the Orienta Dam on the Iron River, about 1 mile (1.6 km)
south of Wisconsin highway 13, about 7 miles (11 km) west of Port Wing, Wis-
consin. This location is in the type area of the Orienta sandstone, and ex-
posures of the unit were examined on the east bank of the river, just north
of the dam. The rocks exposed include about 50 feet (15 m) of massive red,
fairly well sorted, angular to well rounded, arkosic sandstone with a few
interbeds of red siltstone to mudstone. Sandstone bedding, where present, is

10 to 15 feet, 3 to 5 m) in thickness, displaying cross=-bedding and also dis-
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playing local beds of pebble to cobble conglomerate with some clasts in excess
of 4 inches (10 cm) in diameter. Sand grains are dominantly quartz but also
include dark gray volcanic rock fragments and feldspar. Rocks are moderately
well cemented with iron oxide and white clay (kaolinite?) cement apparently
the most common cement. In exposure this unit is very similar in appearance

to the Chequamegon sandstone. Samples were collected.

Stop 13: Chequamegon sandstone, Big Rock Wayside Park, near Washburn, WI

Big Rock Wayside Park is located about 3 miles northwest of Washburn,
Wisconsin, on Bayfield County road C. Exposures of Chequamegon sandstone were
examined along the Sioux River and were dominated by massive to thick bedded
(10-15 feet - 3 to 5 m), medium=-to very coarse-grained, moderately well sorted
red sandstone. Sand grains are primarily quartz but also include rock frag-
ments and chert. Some thin (4-8 inches - 10-20 cm) interbedded red shale beds
were observed as were thin conglomerate discontinuous bands. The conglomerate
included coarse clasts (up to 2 cm) of white quartz, quartzite, red chert, and
red clay some displaying original laminations. Cross=bedding included very

large-scale cross sets. Samples were collected.

Stop 14: Freda sandstone, White River Dam south of Ashland, WI

Stop 14 exposes an 8 foot (3 m) section of Freda sandstone, the upper-
most unit of the Upper Keweenawan Oronto Group. The exposure, about 6 miles
south of Ashland, Wisconsin, on Wisconsin highway 112 at the White River, in=-
cludes two sandstone units separated by a siltstone. The basal sandstone is
about 4.5 feet (1.5 m) of grayish red to brown, fine-to very=-coarse grained,
poorly sorted argillaceous sandstone, with sand grains dominated by volcanic
rock fragments, but also including feldspar, clay clasts, and quartz. Silt-

stone interbeds were observed and some mudcracks are present. The overlying
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siltstone unit is about 2 feet (.5 m) thick, grayish-red in color with Tlight
gray mottles. The upper 1.5 feet (9.5 m) of the exposure is a poorly sorted,
pebbly to fine-grained, angular to fairly well rounded, silty, dirty red sand-
stone. Coarse grains are primarily volcanic rock fragments, with white clay
(kaolinite?), feldspar, black chert, and minor quartz grains also observed.

The silty component of the rock is micaceous. Rock samples were collected.

Stop 15: Puriton quartz-monzonite, Radio Tower Hill, Mellen, WI

Stop 15 allowed examination of Archean granites and gneisses at Radio
Tower Hill, about 4 miles south of Mellen, Wisconsin, on Wisconsin highway 13.
At this location the northwest-trending Mineral Creek fault zone separates
Archean greenstone to the north from the Archean quartz-monzonite of the
Puritan batholith to the south. Mike Mudrey (Wisconsin Geological Survey)
reported Keweenawan-age deformation at this location. No Keweenawan samples

were collected.

Stop 16: Copper Harbor conglomerate, Nonesuch shale, and Freda sandstone,
Potato River Falls County Park, near Gurney, El

Stop 16 is an excellent exposure of the three component formations of the
Oronto group and the underlying basalts of the Portage Lake volcanic group,
along the Potato River at Potato River Falls County Park about 1.5 mile (2.5
km) southwest of Gurney, Wisconsin. The exposure is in a deep canyon where
for a distance of about 1 mile (1.5 km) the Potato River cuts through a
steeply=-dipping ("80° to the N.W.) sequence of sediments and volcanic rocks
(Figure 2). The stratigraphic column in Figure 3 was examined. One of the
most significant observations was the interbedded and apparently conformable
nature of all observed contacts, including the Portage Lake volcanic group/
Copper Harbor conglomerate contact. The exposure is Tlocated along the Douglas

Fault Zone on the northern margin of the St. Croix horst. Mike Mudrey de=-
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Figure 2. Index map showing the location of exposures of Oronto group rocks,
Potato River, E 1/2, Sec. 18, T46N., RIW, Wisconsin. Outcrop
numbers correspond to numbers on stratigraphic column. Section
from Wisconsin Geological Survey.
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Figure 3. Stratigraphic column of exposures on the Potato River, E 1/2,
sec. 18, T46N., RIW., Wisconsin., Section from Wisconsin Geological

Survey.
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scribed the high angles of the sedimentary bedding as the product of block
rotation associated with reverse faulting and horst formation. Samples of all

units were collected.

Stop 17: Freda sandstone, Freda, MI

The type section of the Freda sandstone is at Stop 17, Freda, Michigan,
along Lake Superior on the western shore of the Keweenaw Penninsula. Heavy

rain and high winds prevented location of the rocks on this day.

Stop 18: Portage Lake volcanic group, Eagle River, Phoenix, WI

The basalts of the Portage Lake volcanic group are exposed along Michigan
highway 26 (U.S. Highway 41), at the Eagle River, about .5 mi (1 km) north of
Phoenix, Michigan, on the Keweenaw Penninsula. The exposure is along the
northeast trending Keweenawan fault zone. The rocks exposed range from apha-
nitic black basalt to basalt prophyry. Hornblende phenocrysts range to .5 cm.
Also exposed is a black ophilitc basalt containing augite(?) phenocrysts

about .5 cm in diameter. Samples were collected.

Stop 19: Basal Copper Harbor conglomerate, Eagle City, MI

The Copper Harbor conglomerate and underlying Portage Lake volcanic group
is exposed along Michigan Highway 26 at the Eagle River in Eagle City, Michi-
gan. The Eagle River falls over the volcanic rocks and cuts deeply into the
steeply-dipping, overlying Copper Harbor conglomerate. The Copper Harbor con-
glomerate is a rusty brown, extremely poorly sorted conglomerate with a coarse
clast component dominated by fairly well rounded volcanic rock fragments.
Coarse sand grains of volcanic rocks are angular. The matrix of the con-
glomerate is composed of fine sand to silt-size volcanic rocks. Cements in-
clude calcite and iron oxide with some white to 1light green mottTing due to

alteration.
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Also exposed at this stop are several beds of sandstone, up to 15 feet (5
m) thick. The sandstone is a dirty brown colored, very poorly sorted, angular
to well rounded litharenite, with grain size ranging from silt to pebbles that
are dominantly composed of volcanic rock fragments with some feldspar and mi-
nor quartz grains. Calcite-filled veins in these units were probably the
cemented product of tectonic activity along the nearby Keweenawan fault zone.

Samples of the Copper Harbor conglomerate and sandstone were collected.

Stop 19a: Copper Harbor conglomerate south of Copper Harbor, MI

The type area of the Copper Harbor conglomerate includes exposures along
Michigan highway 26, about 4 miles (6.5 km) west of Copper Harbor, Michigan.
These exposures, along Lake Superior on the north shore of the Keweenaw Pen=
ninsula, include conglomerates, conglomeratic sandstones, and sandstones.
Clasts observed range to 1.5 feet (.5 m) in diameter, and all clasts, from
sand to boulder size, are predominantly volcanic rock fragments, but smaller

grains include sparse feldspar and quartz grains. One sample was collected.

Stop 20: Portage Lake volcanic group, Lac La Belle, MI

Stop 20 is Tocated along the road between U.S. highway 41 north of Lac La
Belle, Michigan, on the northern end of the Keweenaw Penninsula, about 1 mile
northwest of Lac La Belle. A section of the Portage Lake volcanic group, ex-
posed on the north side of the road, consists of approximately 35 feet (10.5
m) of dark to medium gray, vesicular basalt, with vesicules comprising about
30% of the rock. The vesicles are filled with chlorite, calcite, and epidote
and greenish-blue copper oxide (malachite?) 1is present. Samples were col-

lected.

Stop 21: Copper Harbor conglomerate, Haven Park, Loc La Belle, MI

At Stop 21, Haven Park in Lac La Belle, Michigan, along a small waterfall
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a conglomerate and breccia are exposed in contact with the Portage Lake
volcanic group, on the northern, upthrown block of the Keweenaw fault zone.
The Portage Lake is a dark basalt, and the conglomerates and breccias are red
with fragment of reddish-brown, well sorted, micaceous, arkosic sandstone
(similar to the Freda) up to 8 inches (20 cm) in diameter. No rocks are ex-
posed south of the waterfall, where Jacobsville sandstone would be expected.

One sample was collected by Berendsen and Barczug.

Stop 22. Jacobsville group, Keweenaw Bay, Gay, WD

A series of Jacobsville sandstone sections are exposed along Keweenaw
Bay, about 5 miles (8 km) northeast of Gay, Michigan. The rocks are buff to
red, very fine-to coarse-grained sandstone. Coarse clasts are dominated by
quartz, but the finer grains appear to be an equal mixture of quartz and rock
fragments. Some clay clasts to 1 inch (3 cm) are present as are thin rust-
colored clay laminae and green clay drapes. Bedding is nearly horizontal,

dipping slightly to the southeast. Samples were collected.

Stop 23: Jacobsville group, Keweenaw Bay, Baraga, ML

A section of Jacobsville group rocks up to about 50 feet (15 m) high is
exposed for about 1000 feet (300 yards) along U.S. highway 61, 1 mile (1.5 km)
southeast of Baraga, Michigan. This exposure includes a variety of 1ith-
ologies (see Appendix I) the most common of which were dark gray to brown to
light gray and pale green, poorly sorted litharenite to conglomerates. Rock
fragments and milky quartz comprise the dominant coarse clastic lithology.
Rock fragments are more predominant in the micaceous fine clastic components.
Cross bedding is common, with bedding variable in thickness, commonly about 3

feet (1 m). Samples were collected.
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Stop 24: Nonesuch shale, Silver City, MI

The type area of the Nonesuch formation, the middle formation in the
Oronto group, is near Stop 24, on the east bank of the Iron River on Michigan
highway 107, just east of Silver City, Michigan. The Nonesuch is a very dark
gray to dark grayish green, silty shale to argillaceous siltstone exhibiting
conchoidal-fracturing. Slumping of the exposure precluded determination of

the attitude of the beds. Samples were collected.

Stop 25: "Unnamed (rhyolite) formation" near Bergland, MI

Stop 25 was one of a series of exposures along Michigan highway 64 about
1.5 miles (2.5 km) north of Bergland, Michigan. The rocks exposed are infor-
mally known as the "unnamed formation," a brick red rhyolite porphyry with
phenocrysts of pink feldspar and clear quartz averaging about 1 cm in
diameter. The "unnamed formation" is reported to be a Keweenawan age extru-
sive. Samples were collected.

Stop 26: Freda sandstone and Nonesuch shale, Presque Isle Unit, Porcupine
Mountain State Park, MI

In the Presque Isle Unit at the western end of Porcupine Mountain State
Park, the Freda sandstone and underlying Nonesuch shale (Oronto group) are ex-
posed along the Presque Isle River near its mouth in Lake Superior. The Freda
sandstone is a gray to dark grayish brown, fine grained, well rounded, silty
litharenite. Fine grains of mica are concentrated on bedding planes. Graded
bedding, ripple marks, horizontal laminations to ripple cross-lamination, thin
clay drapes, and clay clasts were observed. The Freda sandstone grades into
the Nonesuch shale, which at this location ranges from red to gray-green to
dark brown to black argillaceous siltstone to fine-grained Titharenites. The
unit is micaceous, with ripple cross laminations, mud cracks, and possible

trace fossils. Fracture is conchoidal with diamond-shape fracture patterns on
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bedding plains commonly observed. Manganese coatings on bedding plains are

also common. Samples were collected.

Stop 27: Portage Lake volcanic group and interflow clastics, Montreal River
Power Station near Saxon, WL

Stop 27 was located on the Montreal River on Iron County road B, about 3
miles (5 km) north of U.S. highway 2, about 2 miles (3 km) east of Saxon,
Wisconsin. At this location, just downstream from Saxon Falls, the Montreal
River cuts deeply through the lavas of the Portage Lake volcanic group and
associated interflow sediments. Construction work on a hydroelectric facility
at this location allowed access to a section of interflow clastics. The
clastics are dark reddish-brown, poorly sorted, fine-to coarse=-grained silty
litharenites with minor mudstones. Mafic volcanic rock fragments are the
dominant clasts, with some feldspar and quartz grains, limited to the medium
to fine size grains. Clay clasts are common on bedding plains. The clastic
beds dip steeply to the northwest, and zones of breciation and slickensides

were observed. Samples were collected.

Stop 28: Portage Lake volcanic group and Oronto group, Copper Falls State
Park near MelTen, Wl

Copper Falls State Park is located on Ashland County road J, about 2
miles (3 km) north of Wisconsin highway 169, 3 miles (5 km) northeast of
Mellen, Wisconsin. In the park, the Bad River cuts deeply through the nearly
vertically-dipping upper portion of Portage Lake volcanic group and overlying
Copper Harbor conglomerate, Nonesuch shale, and Freda sandstone (Oronto
group), near the Keweenaw fault zone. The Wisconsin Park Service has con-
structed a trail with multiple overlooks along the edges of the canyon with
footbridges across the river at each end of the exposure. Figure 4 is an

illustration of the stratigraphic relationships observed, and Figure 5 is a
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stratigraphic column estimated from overlook observation. The canyon cut by
the Bad River narrows to a thin notch called the "Devil's Gateway" as it
passes from the Portage Lake volcanic group into the more resistant Copper
Harbor conglomerate and then widens again as it cuts through the Nonesuch

shale and Freda sandstone. Interbeddng of all units was observed. One sample

was collected.

Stop 29. Portage Lake volcanic group and Orienta sandstone, Amnicon Falls
state Park, near Superior, WI

Amnicon Falls State Park is located on the Douglas fault (northern
bounding fault zone of the St. Croix horst) just north on U.S. highway 2, 5
miles (8 km) southeast of Superior Wisconsin. At the park, the north-flowing
Amnicon River cuts the lavas of the Portage Lake volcanic group, and with a

series of rapids and waterfalls crosses the Douglas fault and falls into a
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observed at Copper Harbor Park, WI.
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canyon incised into the more easily eroded Orienta sandstone (Bayfield group).
The southeast-dipping Douglas fault shows a reverse sense of movement at this
Tocation. A fault breccia and gouge developed in the Orienta sandstone at the
contact indicates post-Orienta movements. The Portage Lake lavas at the park
are red-weathering black aphanitic basalts, and some inclusions of red
metasandstones were observed. The Orienta sandstone is a buff to brick red,
fine-to very coarse-grained, angular to rounded, fairly well sorted
Titharenite, with subordinate rock fragments. A conglomeratic unit that Ties
along the fault against the volcanic rocks of the up-thrown block is dominated
by angular to sub-rounded sand-to pebble-size clasts of mafic volcanics with
sand sized quartz grains abundant. Downstream from the fault zone, the
Orienta displays nearly horizontal bedding. Samples were collected.

Stop 30: Portage Lake volcanic group and Orienta sandstone, Pattison Falls
State Park south of Superior, WI

Stop 30 was at Pattison Falls State Park, east of Wisconsin highway 35, 7
miles (11 km) south of Superior, Wisconsin. At the park, the Black River
flows over a high escarpment formed by the Portage Lake volcanic group, up-
lifted on the St. Croix horst along the Douglas fault zone, and onto rocks of
the Orienta sandstone (Bayfield group). The geologic setting at Pattison
Falls Park is similar to the setting at Amnicon Falls Park, 11 miles (18 km)
to the northeast. The rocks of the Portage Lake volcanic group and the
Douglas fault zone were not closely examined at this site, however, the more
accessible Orienta sandstone was examined. The rock is a buff to light brick
red, fine to coarse-grained, well sorted, angular to well rounded quartz
arenite, with some rock fragments and feldspar grains observed. Clay appears
to be the dominant cement. The rock is finely laminated and displays some

liesegang iron staining. Samples of the Orienta sandstone were collected.
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Part 1I. EXAMINATION OF SUBSURFACE SAMPLES

The second part of the Midcontinent Strategic and Critical Minerals Pro-
gram study of Midcontinent rift zone sedimentary rocks was the examination of
subsurface samples in Minnesota, Iowa, Nebraska, and Kansas where these Pro-
terozoic rocks subcrop beneath Phanerozoic units. The object of this part of
the study was to examine the best subsurface samples available, compare these
samples to Keweenawan rocks observed in the outcrop belt (Part I of this
study), attempt to identify physical or geochemical properties that would
allow definition and correlation of subsurface units with exposed rocks, to
identify metalic mineralization in subsurface samples, and to identify
specific intervals for sampling and analysis in future years of the study. To
expedite these examinations geologists from each survey identified the best
available sample sets in their state, produced copies of any existing logs or
scout tickets for these wells, and provided a work area and microscopes for
examination of the samples.

Participants in this part of the study included Pieter Berendsen and
Andrzej Barczuk (Kansas Geological Survey), Marvin Carlson (Nebraska
Conservation and Survey Division), and Ray Anderson and Robert McKay (Iowa
Geological Survey Bureau). Glen Morey (Minnesota Geological Survey) also
participated in examination of Minnesota samples.

To expedite the logistics of the subsurface sample examination part of
the study, it was divided into two phases. Phase I included examination of
sample materials in Kansas and Nebraksa from March 3 through March 7, 1986.
Phase II included examination of sample materials in Iowa and Minnesota from

March 30 through April 4, 1986.
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Summary of Subsurface Keweenawan Clastic Sediment Examined

I. Kansas Subsurface

Keweenawan clastics from the subsurface of Kansas (Table II) fall into
two primary categories. The first is best seen in the #1 Finn well, where the
interval from 2245 to about 2800 feet can be characterized as a red-colored,
fine-to-coarse-grained, fairly well sorted, arkosic sandstone. Sand grains
are about 50% potassium feldspar, with the remaining grains composed of
quartz, rock fragments, and opaques (magnetite?). The sand is well cemented,
in part by angular quartz overgrowths. Chips of green-mottled red mudstones
suggest finer-grained intervals. Some iron staining is evident.

The second lithology is known locally as "standard Rice formation." It
is an orange to red, fine-to medium-grained, subangular to subrounded
sandstone. Sand grains are dominantly quartz but include some pink to orange
potassium feldspar grains. The grain-supported sandstone is poorly cemented
by a white, earthy cement (kaolinite?). Shaley and silty interbeds are

apparently present.

I1I. Nebraska Subsurface

In the subsurface of Nebraska, samples considered to be of Keweenawan
age (Table III) appear to fall into three primary lithologic units. The first
includes pink, fine-to very coarse-grained, subangular to subrounded, argil-
laceous (micaceous) sandstone, typified by samples examined in the basal 300
feet (90 m) of the #1 Ihde well. This unit has been informally referred to as
the “cornhusker clastics,” and is similar to the "standard Rice formation" in
Kansas, and like the "standard Rice" may be cemented with white clay.

The second primary lithology was observed in the #3 Lonergan Lake well,

from 1950 to 2355 feet (585-707 m). It is dominated by maroon mottled gray-
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Kansas subsurface cutting samples examined

TABLE II.
Well
No. Name

1 #1 Russell Frey

2 #1 Hartter

3 #1 Llewellyn

4 #1 Reilly

5 #1 Beach

6 #1 Sedlacek

7 #1 Seematter

8 #1 W.E. Neal

9 #1 Beck "A"

10 #1 Steele Griffe "A"
11 #1 Kratchovil

12 #1 Weakley

13 #1 Kunze

14 #1 Fagerberg

15 #1 Wood

16 #1 Blaney

17 #1 Winkler

18 #1 Finchan

19 #1 Henley

20 #1 Sherman

21 #1 Gravenstine

22 #1 Finn (Cathrine)
23 #1 Lumingood

24 #1 Sugget
25 #1 Ireland

26 #1 Thierer
27 #1 (Seneca) Meyers

Location

T11S, R10E, S11
T1S, R14E, S34

T9S, R4E, S11

T1l5, R3E, 520
T4S, R8E, S20

T4S, R8E, S31
T3S, R8E, S24
T4S, R8E, S5
T5S, R12E, S14
T5S, R12E, S14
T5S, R7E, S30
T5S, R7E, S26
T7S, RSE, S3

T6S, R8E, S31
T7S, R3E, Sl
T5S, R7E, S3
T6S R6E, S8
T4S, RSE, S20
T4S, RSE, S34
T5S, R3E, S13
T8S, R6E, S21
T4S, R7E S4
T13S, R2E, S13
T2S, R8E, S34

T55; R7E; S8
T10S, R7E, S20

T3S, R11E, S19

County

Wabaunsee
Nemaha

Riley

Dickinson
Marshall

Marshall
Marshall
Marshall
Nemaha
Nemaha
Marshall
Marshall
Riley

Pottowatomie

Clay
Marshall

Riley
Marshall
Marshall
Washington
Riley
Marshall
Dickinson
Marshall

Marshall
Riley

Nemaha

Units
Examined

Reagan fm. and
Rice fm.

Simpson fm. and
Granite

diabase

Simpson fm. and
Rice fm.

Rice fm.,

Rice fm.

granite wash
granite

and granite

and schist

clastics

Simpson sand and
weathered granite
arkosic sand

quartzite

Rice fm. and
granite
amphibolite
arkosic sand

Rice fm.

granite wash
Simpson fm. and
weathered granite
arkosic sandstone
and metamorphics

Lamotte fm. and
arkosic sandstone
Simpson fm. and
arkosic sandstone
granite wash
Simpson fm. and
granite

granite wash and
granite

Intervals
Examined

3950-3980
2750-2815

3960-3175
1435-2168

1920-2264
1466-1627
1624-1715
2708=2755
3473-3522
2469-2526
2014-2030
2425-2503

2114-2150
3162-3255
2420-2570
2584-2735
1791-2500
1629-1680
3140-3264
2600=2702
22453935
3250-4900
1680-2373

2295-3266
2295-2496

707-3256



TABLE III. Nebraska subsurface core adn cutting samples examined

well Units Intervals

No. Name Location County Exami ned Exami ned
1 #1 Smith T16N, RY9E, S25 Douglas clastics 1870-2345
2 #1 Ihde T10N, R4E, S14 Seward clastics 2605-2830
3 #11 Schutz TO9N, RI12E, S7 Otoe clastics 1570-

and granite

4 #3 Longergan Lake T16N, R12E, S11 Douglas clastics and 1950-2355
basalt
5 #21 Stral T13N, R10E, S6 Saunders clastics 1170-1190
6 #1 Sullivan 19N, R5BE, S36 Lancaster clastics and 2270-2319
granite
7 #1 Nygven T15N, R8E, S33 Saunders clastics 1790-1835
8 #1 Forster T16N, R8E, S5 Saunders clastics 2145-2204
9 #1 Cameron T7N, RI10E, S11 Otoe ? 1795-2378
10 #1 Ruffner T11N, R13E, 55 Cass ? 1565=1570
11 Peterson T8N, R6E, S14 Lancaster ? 1990-2008
12 N.N.G. #1 Strat T10N, R12E, S28 Cass ? 1480-1497
13 Brick Plant #1 T8N, RI14E, S10 Otoe r; 2783=-2950
14 Shroeder #1 T11N, R12E, S26 Cass arkose 1567-1828
*core*

green shale and siltstone, associated with weathered basic igneous rocks and
minor fine to very fine arkosic sandstone.

The third lithology is a well-cemented grayish buff to pink, fine to
coarse-grained, subangular to subrounded arkosic sandstone. Ouartz grains
appear to dominate, with feldspar grains and rock fragments also present.

This lithology was observed in the Amerada Schroeder #1 well at a depth of

about 1800 feet (540 m).

III. Iowa Subsurface

In the Towa subsurface three primary lithologies, possibly of Keweenawan
age, were examined (Table IV). The first of these is presently called “lower"
(barren) Mt. Simon formation and can be best characterized as a buff to orange

colored fine-to coarse-grained, subangular to rounded quartz sandstone with
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TABLE IV. Iowa subsurface core and cutting samples examined.
Well Units Intervals
No. Name Location County Exami ned Examined
1 MgCa]]gm A-=1 T79N, R27W, S5 Dallas Mt. Simon fm. 2950-3030
core and PC clastics
2 Birdie Lehman #1 T79N, R27W, S18 Dallas Mt. Simon fm. 2850=2967
core™ and PC clastics
3 Rginhait A-1 T8ON, R27W, S28 Dallas Mt., Simon fm. 3000-=3082
core and PC clastics
4 Hgmme]] #1 T79N, R28W, S18 Dallas Mt. Simon fm. 2650-2790
core™ and diabase
5 ngis ﬂl T75N, R5W, S12 Louisa Mt. Simon fm. 2228=2563
core
6 #1 Huntley T90N, R15W, S15 Butler Mt. Simon fm. 2150-3595
7 Wilson #1 T68N, R37W, S25 Page Mt. Simon fm. 4500=5305
and PC clastics
8 Fitzgerrald #1 T71IN, R41W, S21 Mills Mt. Simon fm. 2450-2605
and basalt
9 Mason City #12 T96N, R20W, S10 Cerro Gordo Mt. Simon fm. 1400-1575
and diabase
10 Nevada City #3 R83N, R22W, S6 Story Mt. Simon fm. 3000-3342
11 G:een Island T85N, R6E, S29 Jackson Mt. Simon fm. 2450-2673
core™ and granite 2450-2673
12 New Jersy Zinc T96N, RHW, S8 Clayton Mt. Simon fm. 1650-1850

and norite

interbeds of light brownish-red to greenish gray, sandy, silty, micaceous

shale. Some inarticulate brachiopod shell material is found associated with

this 1ithology in chip samples from the Wilson #1 well, from 3600 to 4700

feet (1080 to 1410 m).

The second lithology is also observed in the Wilson #1 well, from 4700
to 5305 feet (1410 to 1592 m). This unit includes a red to orange colored,
very fine-to medium-grained, angular to subrounded sandstone. Quartz is the
dominant clast lithology, however feldspar, biotite, and muscovite is abundant
and iron cement is evident. This sandstone is interbedded, with reddish-brown

micaceous sandy, silty, shale and siltstone. Also noted were several
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intervals of what appeared to be fine-grained magnetite sands.

The third 1ithology was observed in cores from Rirdie Lehman #1, Rein-
hart A-1, and McCallum A-1, This 1ithology includes interlayered maroon and
green mottled sandy, shaley, siltstone and tan colored, very-fine-to coarse-
grained feldspathic sandstone. An angular unconformity was observed in these
cores between the flat-lying Mt. Simon formation and the underlying Pre-

cambrian clastics, which dip at about 60° from horizontal.

IV. Minnesota Subsurface

Diamond drill cores of Keweenawan materials from the subsurface of Min-
nesota include samples of the Hinkley sandstone, Fond du Lac formation, and
Solar Church formation (Table V). The Hinkley sandstone was examined in the
Kingstrom #1 well, from 1342 to 1380 feet (403 to 414 m), the Londsdale 65-1
well from 918 to 945 feet (275 to 284 m), and the Hollandale #1 well from 1619
to 1905 feet (486 to 572 m). The unit is a grayish-brown to orange to white
and pale purple-red, fine- to coarse-grained, angular to subrounded, moderate-
ly well sorted, quartz arenite. Clay seams and a thin basal conglomerate are
also present. Cement includes quartz overgrowths, iron oxide and a white clay
(kaolinite?). A detailed study of the Hinkley and underlying Solor Church
formation was published by Morey (1977).

The Fond du Lac formation was examined in the Schvette #1 well where it
is a gray to maroon mottled medium-to coarse-grained, angular to subrounded,
micaceous, feldspathic sandstone. Although quartz dominates the sand=size
grains, feldspar and various rock fragments are also common. Cement appears
to include iron oxide and white clay (kaolinite?).

The Lonsdale 65-1 core includes almost 2000 feet (600 m) of the Solor
Church formation, penetrating the unit from a depth of 945 to 2844 feet (284

to 853 m). Rocks of several compositions and textures were encountered, in-
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TABLE V. Minnesota subsurface samples examined
Well Units Intervals
No. Name Location County Examined Examined
il Klngstrom #1 T101IN, R24W, S6 Faribault Mt. Simon and 1200-1335
core™ Hinkley ss.
2 Lonsdale 65-1 T112N, R21W, S14  Rice Hinkley and 945-2844
*core* Solar Church fms.
3 Schvette #1 Waseca Fond du Lac fm. 1750-2300
*core*
4 Hollandale #1 T103N, R19W, S7 Freeborn Fond du Lac fm. 1619-1905
*core*
5 Osseo 75-1 T119N, R22W, S24  Hennepin Solar Church fm, 730-3988
*core* and Chengwatana

volcanic group

cluding interlaminated, very fine-to fine-grained micaceous sandstone,

red to gray-green laminated, mudcracked, mudstone, a well induarated, dusky
brown, fine-to medium=-grained, micaceous sandstone with abundant feldspar
and rock fragment grains, and a finely-laminated, medium to very dark gray

shale to mudstone displaying slickensides.
Interpretations and Correlations

The correlation of individual sedimentary stratigraphic units over the
1000 mile (1600 Km) length of the Midcontinent rift system is complicated by a
number of factors. Over about 600 miles (960 km) of its length the rocks of
the MCR are completely buried by Paleozoic rocks, and in as much as they offer
no known mineral resources, and serve as an aquifer only very near their out-
crop belt, there has been 1ittle incentive to obtain drill samples of the
Consequently, there are only 50 known drill penetrations of Keweenawan

units.

sediments over the 40,500 square mile (65,000 kmZ?) area where Keweenawan
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sedimentary rocks are mapped in the subsurface. Even if better subsurface
control existed, the problem of correlating units within a terrestrial clastic
sediment package, without fossils, known extensive marker beds, or other in-
ternal datums is formidable. To further complicate the task the possible
period of time over which clastic deposition may have occurred is great, the
package being constrained only by the 1050 Ma age of the most recent Keweena-
wan volcanism and the 550 Ma age of the initial Phanerozoic marine trans-
gression into the region. This suggests that clastic sedimentation could have
extended over a time interval of about 500 million years, a length of time

comparable with the entire Phanerozoic Era.

I. Lower Clastic Sequence

The Tower most clastic package in the Keweenawan supergroup (Oronto
group, Solar Church formation, and equivalent units) was apparently deposited
in response to the initial subsidence following volcanism along the MRS trend
and is probably restricted to a few 10's of millions of years (at most) after
cessation of volcanism. A second and younger sedimentary package (Bayfield
group, Fond du Lac formation, Hinkley sandstone, Rice formation, and equiv-
alent units) is generally flat-lying and could have been deposited at anytime
between 500 Ma and the onset of Late Cambrian (Croixan) sedimentation. Inas-
muchas few unique attributes are known that can be used to differentiate
fluvial systems in a given region, it is difficult to correlate the several
clastic packages over large areas in the subsurface. Even where the units are
exposed in the Lake Superior region it is impossible to correlate with
certainty similar appear in rocks such as the Bayfield group and the Jacobs-
ville sandstone.

In future years of this study we will attempt to identify the sedimentary

attributes that might be used to more precisely compare the various rock pack-
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ages. These might include detailed petrographic characteristics, heavy
mineral content, clay and/or cement chemistry, diagenetic features, or other
distinguishing characteristics.

Although this detailed characterization of the subsurface samples of
clastic rocks associated with the Midcontinent rift has not yet begun, our
reconnaissance observation of available samples has allowed us to make pre=

liminary observations.

II. Upper Clastic Sequence

The similarities between the Late Proterozoic and Early Paleozoic ter=
restrial clastic sequences in the Midcontinent and the sparcity or absence of
fossils or other age indicators make their identification and correlation over
the study area very difficult. In the subsurface of northern I1linois the
I11inois Geological Survey recognizes seven members (Table VI) within a 2600
feet (780 m) section of the Mt. Simon formation (Buschbach, 1975, p. 39-41).
These members are differentiated primarily on the basis of their grain size.
The interval is dominated by a fine-to coarse-grained, pebbly, friable sand-
stone, most commonly a coarse-grained, poorly sorted, and subangular gquartz
arenite, The Tower part of the formation has been correlated with other
Cambrian units as well as the Proterozoic Bayfield group and Jacobsville sand-

stone and the Fond du Lac formation (Buschbach, 1975).

III. Minnesota Subsurface

The Mt. Simon sandstone of Minnesota was characterized by Austin (1972)
as a white, gray, pink, or yellow, fine-to coarse-grained quartzose sandstone,
with some thin shale beds, and inarticulate brachiopod fragments, that are
especially abundant higher in the unit. The formation, however, generally

contains a limited fauna, and Morey (1977) used three other criteria to dif-
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ferentiate the Mt. Simon sandstone from the similar appearing, underlying
Hinkley sandstone. These criteria include; 1) the presence of red and green
laminated shale and mudstone beds in the Mt. Simon sandstone, 2) the presence
of abundant quartz overgrowths in the Hinkley sandstone, and 3) the presence
of kaolinite and minor i1lite in the clay fraction of the Hinkley sandstone,
in contrast to the i1lite and montmorillonite that dominate the clay fraction
in the Mt. Simon sandstone. The Mt. Simon sandstone, as the term is used in
Minnesota, can probably be correlated with the upper part of the Mt, Simon of
[1linois (Table II).

Modern discrimination of Keweenawan sedimentary sequences in Minnesota
began with the work of Kirwin (1963), who demonstrated, using variations in
mineralogic composition, that the "red clastics" (an informal term used to de-
scribe these units since the early part of the century) could be subdivided
into five lithostratigraphic units. These include (unit 1) a quartz arenite
with minor K-spar and no rock fragments correlated with the Hinkley formation
by Morey (1977), a feldspathic sandstone (unit 2) grading into an arkose com=-
posed of 60-85% quartz, with minor K-spar, plagioclase, and rock fragments
equated by Morey (1977) with the Fond du Lac formation, and an arkose (unit 3)
with 50% quartz, plagioclase, and subordinate rock fragments, a litharentite
(unit 4) with 30% quartz, 40% volcanic rock fragments, and plagioclase, and a
litharenite (unit 5) with 5-10% quartz and the remainder of the framework
grains volcanic rock fragments and plagioclase. Units 3, 4, and 5 were con=-
sidered a single unit named the Solor Church formation by Morey (1977).

Exposures of the Hinkley formation were correlated with the Devils Island
sandstone (middle Bayfield group of Wisconsin) and the Fond du Lac formation
with the Orienta sandstone (lower Bayfield group of Wisconsin) by Tyler and

others (1940). Morey (1977) suggested that the Solor Church was probably
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equivalent to the Oronto group in Wisconsin. These correlations have been
continued by a number of subsequent workers (e.g., Morey and Ojakangas, 1982;

Dickas, 1985).

IV. Towa Subsurface

The Iowa Geological Survey Bureau recognizes a thick Mt. Simon formation
(maximum penetration of 1220 feet--366 m) but does not use the member sub-
divisions identified in I1linois. Rather an informal two-fold subdivision
consisting of an "upper" fossiliferous marine unit and a lower generally non-
fossiliferous, nonmarine unit (although rare fossiliferous marine interbeds
may be present). Where no fossils are present the age of the rocks are un-
certain.

The Mt. Simon formation in Iowa can be characterized as a tan to orange-
pink colored, very fine-to very coarse-grained, subangular to round, poorly
sorted, quartz arenite with some feldspathic sandstone beds. Inarticulate
brachiopods and trace fossils are present only in the upper-most 20 feet (6 m)
of the formation except in the Wilson #1 well (Page County) and #1 Huntley
(Butler County) where inarticulate brachiopods have been identified in rare
beds as much as 1375 feet (413 m) below the top of the formation. The thick-
ness of the Mt. Simon formation in Iowa varies considerably across the state.
The thickest interval encountered in Iowa occurs in the #1 Huntley o0il test
(Butler County) where 1445 feet (434 m) of Mt. Simon strata was penetrated,
The USGS-RASA Green Island test in Jackson County penetrated 1195 feet (359 m)
of Mt. Simon material, and the Wilson #1 o0il test in Page County penetrated
1100 feet (330 m) of the unit. The Mt. Simon formation is geﬁera11y thickest
in east-central Iowa, on the western margins of the northeastern I1linois Mt.
Simon basin. It thins into western Iowa where it averages 150 to 300 feet

(45-90 m) in thickness. The unit may be locally absent due to non=-deposition
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or erosion. The Mt. Simon formation also thickens into a half-graben which
developed over the Keweenawan clastic basins on the eastern flank of the Iowa
horst (the central uplifted portion of the Midcontinent rift system in lowa).
The #1 Huntley and Wilson #1 wells were drilled into the half-graben, in-
formally called the "Ancestral Iowa basin."

Keweenawan clastics in Iowa, informally called "red clastics," have been
encountered in 5 wells in Iowa. Three Iowa penetrations are cores, but they
total only 75 feet (23 m) and are within 5 miles (8 km) of one another. Maxi-
mum penetration of the "red clastics" is 43 feet (13 m) in the Berdie Lehman
#1 where the unit includes interlayered green and red shale and mudstone and
tan sandstone. The sandstone is very fine-to medium-grained, angular to sub=-
angular arkose with roughly equal proportions of quartz and feldspar and some
black rock fragments. The sand is well cemented, including white clay cement.
The deepest penetrations of the "red clastics" was in the Crawford County
Martin Augustine #1 o0il test. A total of 1355 feet (407 m) of the unit was
drilled, but the cuttings collected were extremely poor due to a loss of cir-
culation.

The "red clastics" in Iowa appear to correlate most closely (Table VI) to
the Fond du Lac formation/Bayfield group clastics in exposures in Minnesota
and Wisconsin. No rocks correlative with Solar Church formation/Oronto group
rocks have been encountered in Iowa. The "lower" Mt, Simon formation in Iowa
may be correlative with the Hinkley sandstone in Minnesota. More work is
necessary to improve the confidence of these correlations. This future work

is described later in this report.

E;_ Nebraska Subsurface

The basal Paleozoic sandstone unit in Nebraska has traditionally been

called the Dresbach sandstone but is referred to as Mt. Simon formation by
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Carlson in the recently completed COSUNA correlation charts (Adler, 1987). The
unit was described by Condra and Reed (1943) as a light gray, subangular to
rounded, medium-to coarse-grained, frosted sandstone. The greater degree of
rounding and frosting of the quartz grains and scarcity of grains of other
mineralogy are the key characteristics that are used to differentiate the Mt.
Simon formation from underlying clastic units. This criteria suggests that the
Mt. Simon formation of Nebraska probably equates with the "upper" (fossil=
iferous) and the upper part of the "lower" (barren) Mt. Simon sandstone of
Iowa, and approximately the upper half of the Mt, Simon sandstone as recognized
in Minnesota (see Table VI).

Clastics associated with the Midcontinent rift system beneath the Mt,
Simon formation in Nebraska are not differentiated, in the correlation chart,
but are collectively referred to as "red clastics." The three primary rock
types described on pages of this report can be tentatively related to deposi-
tional packages observed in other areas. The first type, a pink, fine-to very
coarse-grained argillaceous sandstone informally called “cornhusker clastics,"
is similar to the "standard Rice" formation of Kansas. This is similar to the
lower Mt. Simon sandstone of Iowa and Minnesota and is tentatively correlated
lithologically with them.

The second type, a maroon mottled gray-green shale and siltstone, is simi-
Tar to Iowa "red clastics" seen in Birdie Lehman #1 and related cores. This
unit apparently correlates with the Fond du Lac formation of Minnesota, derived
by the weathering of nearby mafic igneous rocks. The third type, a well
cemented grayish buff to pink, fine-to coarse-grained arkosic sandstone is also
most similar to the "red clastic" of Iowa, specifically the sandstone in the
McCallum A-1 core. This rock type is also similar to the Fond du Lac formation

of Minnesota, in the Schvette #1 core and in exposures. In the Schroeder core
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in Nebraska this unit is, however, much better indurated than other occur=-
rences, proably because of epitaxial quartz cement produced by local diagenetic

processes. No samples from the subsurface of Nebraska are similar to the Solor

Church formation of Minnesota.

VI. Kansas Subsurface

The basal Paleozoic sandstone in Kansas is called the Lamotte sandstone.
It was characterized by Goebel (1969) as a poorly sorted, rounded to angular,
fine-to coarse-grained, quartzose sandstone, dolomitic sandstone, quartz-
glauconite sandstone, feldspathic sandstone, or arkose. The Lamott sandstone
probably correlates directly with the Mt. Simon formation of Nebraska, the
"upper" (fossiliferous) and upper "lower" (barren) subdivisions of the Mt.
Simon sandstone of Iowa, and the upper part of the Mt. Simon sandstone in Min-
nesota.

Beneath the Lamotte sandstone, clastic rocks associated with the MRS have
been traditionally called the Rice formation. As originally defined by Scott
(1966), the Rice formation is a grayish red to grayish orange-pink, poorly
sorted, medium-to coarse-grained, subangular to rounded, frosted, feldspathic
sandstone. Accessory grains include rock fragments (schist, quartzite, fel=-
site, granite, argillite) and pyrite. Cement includes dolomite and a white
i1litic clay. Greenish gray and dark reddish brown shale or mudstone interbeds
are also reported. No type well was designated; rather four "typical" drill
holes, in Ellsworth and Rice counties, were described. Pieter Berendsen
(Kansas Geological Survey) suggested (personal communication, 1986) that the
Rice formation, as described by Scott, was not uniquely the product of Mid-
continent rift development, but also includes detritus shed from an ancestral
Central Kansas uplift. The composition of the rock fragment component of the

Rice formation as described by Scott is consistent with Berenden's idea. Scott
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described rock fragments of various igneous and metamorphic lithologies, but no
mafic volcanic clasts. Such mafic volcanic clasts are the dominant rock frag-
ment component in the Solor Church formation, and equivalent rocks, and are not
uncommon in the Fond du Lac formation, and its equivalents. The term Rice
formation, however, used by most workers to identify Keweenawan clastic rocks
associated with the MRS in Kansas.

The name Rice formation (or informally “"standard Rice formation") is
presently applied by the Kansas Geological Survey to a sequence of pink to
orange colored, fine-to medium-grained, subangular to subrounded, poorly-
cemented feldspathic sandstones to quartz arenites and intercalated reddish
siltstones and shale. The sand clasts are commonly iron stained and are ce-
mented by iron oxide and white clay (kaolinite?). This composition is best ob-
served in #1 Sedlacek and #1 Seematter wells. We have tentatively 1itho-
logically correlated this sequence with the upper "red clastics" ("cornhusker
clastics") in Nebraska (Table VI), the "lower" (barren) Mt. Simon sandstone in
Iowa, and the lower Mt. Simon sandstone and possible Hinkley sandstone in
Minnesota.

The other major clastic rock types associated with the Midcontinent rift
system in the subsurface of Kansas is a red to pink colored, well sorted, fine=-
to coarse-grained, angular (overgrowths), well-cemented feldspathic sandstone.
Feldspar constitutes about 50% of this rock, and detrital opaques (magnetite?)
are common. Thin, green-mottled red mudstone unit is apparently interbedded
with the coarser clastic unit. This sequence, best observed in the #1 Cathrine
Finn well, differs from the other sub-Mt. Simon clastic rocks, most notably by
much more abundant clastic feldspar component, an abundance of quartz over-
growths, and the absence of white clay (kaolinite?) cement. This rock unit is

tentatively equated with the unnamed clastic unit observed in the Schroeder #1

37



well in Nebraska and the "red clastics" observed in the Birdie Lehman #1 well

in Iowa, and the Fond du Lac formation in Minnesota. As was the case in lowa

and Nebraska, no samples observed in the subsurface of Kansas are presently

correlated with the Solor Church formation of Minnesota.

Conclusions

Qur preliminary examination of surface exposures and subsurface samples of

clastic rocks associated with the Keweenawan age Midcontinent rift system has

led to a number of tentative conclusions.

1.

We concur with most recent workers that exposures of Oronto group and
equivalent rocks represent generally first-cycle fanglomerates,
lacustrine, and fluvial deposits associated with the formation of
grabens during rifting. Also, that Bayfield group and equivalent rocks
generally represent second-cycle fluvial channel sands and overbank
deposits, apparently separate from the underlying Oronto group sedi-
ments by an angular unconformity. Oronto group sediments reworked as a
result of tectonism associated with the MRS as well as extra=-rift rocks
make up the Bayfield group.

It appears to us that some of the rocks of the Bayfield group and
equivalents and the fluvial rocks presently assigned to the lower Mt,
Simon sandstone and equivalents are very similar and may be related.

We are in agreement with Morey (1977) that the Lonsdale 65-1 core, from
the Twin City basin just south of Minneapolis, penetrates rocks (the
Solor Church formation) that are probably correlative with rocks of the
Oronto group (Freda and Nonesuch formations) rocks. No rocks litho-
logically similar to the Solor Church formation were observed in the

subsurface south of Minnesota.
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Two primary Tithologic sequences were observed stratigraphically be-
low the demonstrably marine, rounded, frosted quartz arenites of the
Upper Cambrian Mt. Simon (Lamotte) sandstone in the subsurface of
Iowa, Nebraska, and Kansas. The uppermost of these sequences is a
pink to orange colored, fine-to coarse-grained, subangular to sub-
rounded, poorly cemented, feldspathic sandstone to quartz arenite and
intercalated reddish siltstones and mudstones, commonly displaying
iron oxide and white clay (kaolinite?) cements. This unit is called
“Tower" Mt. Simon sandstone by the Iowa Geological Survey, "red
clastics” by the Nebraska Conservation and National History Survey,
and Rice formation by the Kansas Geological Survey. These units
Tithologically correlate with the lower Mt. Simon or Hinkley sand-
stones of Minnesota, the lower Mt. Simon sandstone and upper Bayfield
group of Wisconsin, and the lower Munissing, upper Jacobsville forma=-
tions of Michigan.

The lower sequence is a red to pink colored, well sorted, fine-
to coarse-grained, angular (overgrowths), well cemented feldspathic
sandstone, with feldspar content approaching 50%, abundant opaque
detrital grains, and green to red mottled siltstone and mudstone
interbeds. This unit was identified in the Finn well in Kansas, the
Schroeder well in Nebraska, and the Berdie Lehman well in Iowa. It
probably correlates with the Fond du Lac formation in Minnesota, the
Orienta sandstone (Bayfield group) of Wisconsin, and the lower
Jacobsville sandstone in Wisconsin.

A more detailed and accurate comparison of the Precambrian sands
associated with the MRS in the subsurface and in surface exposures

will require additional sample analyses. These analyses, proposed
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for future years of the Keweenawan Study, will include examinations

of depositional environments, source terranes, transport directions,
and diagenesis. Procedures used will include detailed petrographic

descriptions of samples, heavy mineral analyses, x-ray determination
of clay minerals, microprobe elemental analyses of clays, silts, and
some sand grains and cements, scanning electron microscopic examina-
tion of selected samples, and other analytic techniques.

6. Metalic mineralization in the Lake Superior Keweenawan clastic ex-
posure region includes the famous stratbound native copper deposits,
found in amygdules and fractures in basalts, and in the Copper Harbor
conglomerate, described by White (1968) and stratiform copper
deposits in the Nonesuch shale at White Pine, Wisconsin (Ensign
and others, 1968). Other mineralization associated with these rocks
include chalcocite, silver, lead, and zinc (Rerendsen, 1986).
Although similar conditions were apparently present along the entire
length of the MRS, the only mineralization observed in the subsurface
was in the McCallum A-1 well in Iowa where calcopyrite and possibly
bornite were observed by us. The darth of observable mineralization
is probably a product of the small number of Keweenawan wells, the
shallow penetrations of these units, and the poor quality of the
samples available for examination. As an increasing number of better
subsurface Keweenawan samples become available, more examples of

mineralization should be observed.
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Proposal for Continued Work in 1987

The examination of Keweenawan clastic rocks in exposure and subsurface
samples in late 1985 and early 1986 provided valuable insight into the nature
of these sedimentary rock units, the problems involved in understanding their
depositional environment, diagenetic history, mineralization potential, and in
correlating them, given the nature and quantity of the samples available. In
the next year of this study we would 1ike to sample selected intervals of many
of the cores and cutting sets that we examined, and prepare thin sections of
many of these samples and selected exposure samples for detailed petrographic
analyses. Associated with these petrographic studies we would determine the
mineralogy of the clays in many of the fine-grained intervals and cements in
some of the sandstones. After examination of the result of this study we will
identify specific samples for continued analyses in the following years.

These additional analyses will include, but not be limited to, heavy mineral
and trace mineral analysis, elemental analysis of clays and selected grains
using SEM or XRF techniques, SEM examination of selected grain surfaces, grain
boundaries, and other features. These studies will help us to better under-
stand the geological histories of these units, and their strategic and

critical minerals potential.
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APPENDIX I
A. Description of Exposure Samples Collected by Raymond Anderson

1 Type area Chengwatana volcanic group, northeast end of Cross Lake at

the dam on the Snake River near Pine City, Minnesota. September 27, 1985

Stop
east

Stop

Sample ME1l/1 - Chengwatana volcanics. A dark reddish brown, vesicular
basalt porphyry, vesicles are filled of gray-green clay, a black
mineral, and minor thomsonite? Porphyroblast are small pink feldspar
crystals. Vesicles make up about 25% of the rock. Sample size

6 x 6 x5 cm.

Sample ME1/2 - Chengwatana volcanics. A gray, slightly reddish
brown basalt, few epidote filled vesicles. Sample size 6 x 6 x 3 cm,

Sample ME1/3 - Chengwatana volcanics. Reddish=brown vesicular basalt
porphyry. Vesicles constitute 15% of the rock, dominantly thomsonite and
epidote. Porphyroblast are small pink feldspar crystals. Sample size is
5% 5 X5 cm.

2 Type area of Hinkley sandstone. Quarries at Robinson Park, Hwy 123
of Sandstone, MN., west bank of the Kettle River. September 27, 1985.

Sample ME2/1 - Hinkley sandstone. Orange to red, fine=to coarse=
grained, well=-rounded to angular, fairley well cemented quartz
arenite, some rock fragments and feldspar grains. Thin bedded with
alternating fine and medium beds ranging from about .5 to .2 mm in
thickness. Sample size is 11 x 3 x 4 cm.

Sample ME2/2 - Hinkley sandstone. Light pink to peach colored, fine-to
medium=grained, coarse to angular, quartz arenite. Some rock fragments
and feldspar grains. Thin, cross-beds, to about 3 mm. Sample size is 8

x 10 x 2 cm.

Sample ME2/3 - Hinkley sandstone. Beige colored, fine-to medium=grained,
rounded to angular, quartz arenite. Some rock fragments and feldspar.
Bedding is difficult to discern. Sample size is 6 x 5 x 5 cm.

3 East bank of Kettle River Hwy 123. Exposures of Hinkley sandstone.

September 27, 1985. One sample collected by Berendsen and Barczuk.

Stop

4 East bank of Kettle River, Hwy 23. Exposure of Hinkley sandstone.

September 27, 1985, One sample collected by Berendsen and Barczuk.

Stop 5 Lower Hinkley sandstone, City Park, Holyoke, MN. September 27, 1985

Sample ME 5/1 - Hinkley sandstone. Reddish orange, fine-to medium-
grained, rounded to angular quartz arenite. 1Iron staining on some
grains. Some rock fragments and feldspar grains. Sample size is 4 x 7 x

7 cm.

45



Stop 6 Type area of the Nopeming sandstone, just off 1-35 about 1 mile NE of
the Nopeming exit of I-35 south of Duluth. September 28, 1985.

Sample ME6/1. Nopeming quartzite. Gray quartzite. Some rock
fragments, grayish-green color. This sample shows a layer of sandstone
about 3.5 cm thick overlain and underlain by beds of metasiltstone 1-.5
5 cm in thickness. Sample size is 6 x 9 x 4 cm.

Sample ME6/2. Nopeming quartzite. Gray quartzite. A greenish to pink=
ish mottled fine-to medium=-grained quartzite. Horizontal laminations.
Some rock fragments. Oriented sample. Sample size 10 x 12 x 6 cm.

Sample ME6/3. Nopeming quartzite. Buff and dark gray mottled quartzite.
Dark gray metashale clasts in fine sand follow apparent bedding. Sample
size is 8 x 6 x 4 cm.

Sample ME6/4. Nopeming quartzite. Upper contact with overlying basalts.
Sample is a very dark gray and tan, banded silt stone. Bands are
disrupted and measure 1 to 2 mm in thickness. Oriented sample. Sample

size is 18 x 6 x 3 cm.

Sample ME6/5. Nopeming quartzite. A silty, sandy metaconglomerate.
Pinkishto rust to green mottled with siltstone and mudstone clasts, sand

size to several cms. Sample size is 15 x 7 x 4 cm.

Sample ME6/6. Nopeming conglomerate. Basal conglomerate. Light gray,

quartz cemented conglomerate. Clasts making up approximately 50% of the
rock and range in size from coarse sand to 5 cm in diameter. Sub-rounded
to sub-angular and dominated by milky quartz, with some volcanic rock or
metagraywacke clasts. Matrix is medium grained quartz sand. Sample size

is 10 x 10 x 10 cm.

Sample ME6/7. Ely's Peak basalt. A black basalt porphyry.
Porphyroblast are augite grains. About .5 mm in length. Sample size is

9 x5 x 9 cm.

Sample ME6/8. Ely's Peak basalt. A black basalt porphyry.
Porphyroblast are augite grains. About .5 mm in length. Sample size is
12 x 7 x 4 cm.

Stop 7 Type area of the Fond du Lac formation, along Mission Creek, Fond du
Lac Park, Duluth, MN., Behind park just north of Hwy 23 on 131 Ave West.
September 28, 1985

Sample ME7/1. Fond du Lac formation. Pinkish gray, fine-to medium-
grained, well sorted, rounded to angular, immature sandstone. Horizontal-
ly bedded and laminated. Approximately 50% of the grains are quartz
sand. Approximately 30% feldspar. Remaining grains are rock fragments
and others. Top and bottom of this samples consist of green and brick
red mottled sandy siltstone The sand bed is 5 cm thick with the silty
areas being about .5 mm. Sample size is 12 x 7 x 5 cm,

Sample ME 7/2. Fond du Lac formation. Dark grayish brown, sandy silt-
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stone. Thin bedded, beds range to about 1 =2 mm in thickness.
Horizontally laminated. Some grayish bleaching in individual beds and
mottles. Sand is dominantly rock fragments, probably volcanic, some
quartz grains. Sample size is 13 x 6 x 3 cm,

Sample ME7/3 Fond du Lac formation. Dark grayish brown, sandstone. Some
lighter beds are approximately .5 mm thick. Most sand grains range from
medium to fine and are rock fragments. Sample size is 7 x 8 x 5 cm.

Sample ME7/4 Fond du Lac formation. Dark grayish brown, micaceous,
sandstone with circular buff mottles. Bedding ranges from about .25 mm
to 2 mm. Sample size is 4 x 5 x 2 cm.

Sample ME7/5 Fond du Lac formation. Light green to buff mottled, silty
sandstone. Many feldspar grains, fine-to medium-grained. Sample size is

8x 6 x1 cm.

Sample ME7/6 Fond du Lac formation. Light green to buff mottled, sandy
siltstone. Many feldspar grains in this rock. Some rock fragments.
Little bit of mica. Sample size is 10 x 7 x 1 cm.

Sample ME7/7 Fond du Lac formation. Light green to buff mottled sandy
siltstone. Many feldspar grains in this rock. Some rock fragments.
Little bit of mica. Sample size is 10 x 5 x 1 cm.

Sample ME7/8 Fond du Lac formation. Green to brick red mottled sandy
siltstone to claystone. Ripple cross-laminated Quite a bit of mica in
like ripples. Sample size 7 x 8 x 1 cm.

Sample ME7/9 Fond du Lac formation. Brick red micaceous silty shale.
Very thin irregular beddings. Rock breaks along micaceous silty
partings.

Sample ME7/10 Fond du Lac formation. Dark brownish gray micaceous silt
stone. Thin bedded but rather compact. Sample size 5 x 7 x 4 cm.

Stop 8 Type area of Fond du Lac formation, Fond du Lac Park, Duluth, MN on
the north bank of the St. Louis River, south along the river about 1/2 mile

from Hwy 23. September 28, 1985

Sample ME8/1 Fond du Lac formation. Pink, medium=-grained, angular to
rounded, immature sandstone, abundant feldspar, some quartz, some rock
fragments, no bedding evident. Sample size is 10 x 9 x 5 cm.

Sample ME 8/2 Fond du Lac formation. A very light gray, medium-grained,
immature sandstone, no bedding evident. Grains are dominantly feldspars
and clay. Some thin clay laminae are present, few quartz grains.
Oriented sample. Sample size is 11 x 8 x 7 cm.

Sample ME 8/3 Fond du Lac formation. Light gray to brick red mottled
conglomerate. Clasts are dominantly brick red, some light green, clay
and silt, and are rounded to very flat. The rock matrix is pink to light
gray in color. It is dominated by medium=-to coarse-grained sand.
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Large sand grains are dominantly quartz, the medium grains are dominantly
rock fragments and feldspar with 20% quartz. Some bedding is evident as
is some degree of sorting. Sample size is 10 x 10 x 8 cm.

Sample ME 8/4. Fond du Lac formation. A light gray, very poorly sorted
sandstone. Coarse grains range to about 2 mm in diameter and are
dominantly quartz with some feldspar and rock fragments. Matrix is
dominantly medium=-grained sand, 50% quartz, 50% feldspar, clay, and rock
fragments. Sample size is 8 x 10 x 6 cm.

Sample ME 8/5. Fond du Lac formation. Dark reddish-brown sandy silt-
stone with gray mottles. Sand fragments are dominantly volcanic. Mica is
present. Deformed bedding is also present. Sample size is 9 x 12 x 7

cm.

Sample ME 8/6. Fond du Lac formation. A light brown, very poorly sorted
conglomeratic sandstone. Large clasts range to 1 cm in diameter. Larger
grains are dominantly quartz with some feldspar rock fragments. The bulk
of the rock is medium-grained sandstone, roughly 50% quartz, the
remainder feldspar, clay, and rock fragments. Some bedding is evident as
beds of coarser grain class ranging to about 3 mm in thickness. Sample

size is 8 x 12 x 5 cm.

9 Exposure of basal Fond du Lac formation Jay Cooke State Park, Duluth,
Enter from the north, and continue for about 1/2 mile south of the en-

trance where a small lake lies north of the road. Walk north past the lake
for about a quarter mile along the Little River. September 28, 1985.

Sample ME 9/1. Fond du Lac formation. A Tight green colored,
conglomeratic, containing coarse clasts that range up to 5 cm in
diameter. 90% of the clasts consist of milky quartz, but some slate
clasts of Thompson formation are also present as coarse clasts. Matrix
is fine-to coarse-grained sand with some pyrite cement. Sample size is
12 x 8 x 4 cm.

Sample ME 9/2. Fond du Lac formation. Basal conglomerate. A Tight
green colored, clay cemented conglomerate. Coarse clasts. Range up to 5
cm in diameter and are 90% milky quartz. Some pieces slate clasts of
Thompson Formation are also present as coarse clasts. Matrix is fine-to
coarse-grained sandstone consisting dominantly of milky quartz. Sample
size is 16 x 16 x 4 cm.

Sample ME 9/3. Thompson formation. Banded milky quartz and green
slates. Sample size 8 x 5 x 3 cm.

Stop 10 Exposures of Chequamegon sandstone, Washburn, Wisconsin. Just north
of the marina along Lake Superior. September 29, 1985.

Sample ME 10/1. Chequamegon sandstone. Brick red, thin-bedded, fine-to
medium-grained, rounded to angular sandstone. Grains are dominantly
quartz. The rock is poorly cemented, and the cement appears to be iron.

Sample size is 10 x 8 x 1 cm.
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Sample ME 10/2. Chequamegon sandstone. Pinkish-grey and brick red
banded, medium-to coarse-grained, rounded to subrounded, poorly cemented
quartz arenite. Sample size is 8 x 6 x 4 cm.

Sample ME 10/3. Chequamegon sandstone. Brick red colored thin=-bedded,

fine-to medium-grained, sandstone with thin silty partings. Very poorly
cemented. Horizontally laminated. Two samples in ziploc bag. Size of

each approximately 7 x 6 x 1 cm.

Sample ME 10/4. Chequamegon sandstone. Buff to light orange, fine- to
medium=-grained, rounded to subrounded, very poorly cemented, quartz
arenite, some rock fragements. Two samples in ziploc bag, each
approximately 8 x 4 x 3 cm.

Sample ME 10/5. Not found.

Sample ME 10/6. Chequamegon sandstone. Pinkish-orange colored fine-to
coarse-grained, rounded to subrounded, very poorly cemented, quartz
arenite. Sample size approximately 8 x 6 x 4 cm.

11 Exposure of Devils Island sandstone. Siskiwit Falls on the Siskiwit
River. One mile south of Cornucopia, Wisconsin. September 29, 1985.

Sample ME 11/1. Devils Island sandstone. Pink to orange, fine-grained,
well sorted, medium=to well-rounded quartz arenite with some rock frag-

ments. Size is 8 x 10 x 11 cm.

Sample ME 11/2. Devils Island sandstone. Pink to orange colored, fine-
to medium-grained, well-rounded, well sorted, quartz arenite with some

rock fragements. Sample size is 2 x 8 x 10 cm.

Sample ME 11/3. Devils Island sandstone. Pink to orange colored, well
rounded, fine-to-medium grained. well sorted, quartz arenite with some
rock fragements. Sample size is 3 x 3 x 8 cm.

Sample ME 11/4. Devils Island sandstone. Pink to orange colored,
medium=-grained, well sorted, well rounded quartz arenite. Sample size is

3 x5 x 8 cm.

12 This is a type area of the Orienta sandstone just east of the Iron
River about 7 miles west of Port Wing and about one mile south of Highway

13. September 29, 1985.

Sample ME 12/1. Orienta sandstone. A rust to brown colored, medium=-to
very coarse-grained, but fairly well sorted, angular to well rounded,
quartz dominated sandstone. Other clasts include feldspars, black
volcanic fragments, some large clay clasts, up to 2 cm. Coarse sand
fraction forms beds up to 1 cm thick. Sample size is 6 x 5 x 10 cm. The
kaolinite cement gives the rock a white speckled appearance.

Sample ME 12/2. Orienta sandstone. Brown to rust colored, fine-to
medium=-grained, well sorted, angular to well rounded, quartz dominated
sandstone. Also includes black volcanic rock fragment. Two samples,
both with feldspar clasts. One sample has a red speckled appearance.
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Both samples are oriented. The sample sizes are 15 x 6 x 2 ¢cm and 3 x 7
X 6 cm.

Sample ME 12/3. Orienta sandstone. Light brick red to dark brick red
banded, very fine-to medium=grained, angular, horizontally laminated,
quartz dominated sandstone. Sample size 2 x 7 x 10 cm.

Sample ME 12/4. Same as 12/3. Sample size is 2 x 6 x 6 cm.
Sample ME 12/5. Same as 12/3. Sample size is 2 x 4 x 6 cm.

Sample ME 12/6. Orienta sandstone. Brick red to brown colored,

fine-to medium-grained, fairly well sorted, angular to well rounded
quartz dominated sandstone. It also includes black volcanic rock and
feldspar clasts. White speckled from kaolinite cement., Sample size is 3

x 3 x 6 cm.

Sample ME 12/7. Orienta sandstone. White speckled from kaolinite
cement. Dark rust to buff banded, fine-grained, well sorted, medium=to
well-rounded quartz dominated sandstone with feldspar and black volcanic
clasts. The bedding is thin with the dark brick colored bands
approximately 1 mm thick and apparently including more finer grained
clasts. The buff colored bands range up to about 5 mm in thickness and
appear to derive their color from kaolonite cements and less iron. The
rock sample is 2 x 4 x 5 mm.

Sample ME 12/8. Orienta sandstone. Red-colored, medium=-to very
coarse-grained, poorly sorted, angular to well rounded quartz dominated
sandstone, but also including more feldspar then the previous rocks and
more rock fragments dominated by black volcanics. Large clasts include
well rounded quartz grains to 5 mm in diameter, and volcanic fragments to
1 cm in diameter. This rock is approximately 2 x 5 5 cm.

13 Exposure of Chequamegon sandstone. Big Rock Wayside Park.
Approximately 3 miles northwest of Washburn, Wisconsin on County Road C.

September 29, 1985,

Sample ME 13/1. Chequamegon sandstone. Brick red, medium-to very
coarse-grained, quartz rich, moderately well-rounded, quartz sandstone,
with some chert and rock fragments. Sample size 2 x 8 x 10 cm.

Sample ME 13/2. Chequamegon sandstone. This sample is the same as ME
13/1. More thin clay clasts. Conglomerate bands. This sample is
oriented. Sample size is 5 x 12 x 15 cm.

14 Exposure of the Freda sandstone. White River Dam about 5 miles south
of Ashland on Wisconsin Highway 112.

Sample ME 14/1. Freda sandstone. Dirty brick red colored, very fine-to
coarse-grained, poorly sorted, litharenite. Some beds of coarse class up
to 5 mm thick include about 20% quartz clasts ranging in size up to 2 cm
in diameter. Dominantly clastlithologies include rock fragments,
feldspar, kaolonite, black chert and some quartz grains. Fine and coarse
beds appear to alternate through much of the rock. The fine sand
component is micaceous. Seven samples in a ziploc bag.
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Sample ME 14/2. Freda sandstone. Dirty brick red colored, fine=-to
pebbly, poorly sorted very silty litharenite. The coarse clasts are
angular to faily well rounded and dominated by volcanic rock fragments
with some kaolonite, feldspar, and minor quartz. The finer component of
this rock is micaceous. Sample size is 1 x 8 x 12 cm.

Sample ME 14/3. Freda sandstone. Brown colored, fine-to very
coarse=grained litharenite. The coarse-grain components range up to .5
cm in diameter and are dominantly volcanic rock fragments but include
some feldspar, kaolonite, and quartz. Poorly sorted, coarse beds range
up to about .5 cm. Sample size is 2 x 4 x 10 cm.

15 Radio Tower Hill, 4 miles south of Mellen, Wisconsin on Highway 13.
This is an exposure of Archean granites and gneisses. No Keweenawan
samples are collected here. September 29, 1985

16 Exposures of Portage Lake volcanic group, Copper Harbor Conglomerate,
Nonesuch formation, and Freda sandstone. Potato River at County Park 1.5
miles southwest of Gurney, Wisconsin. September 29, 1985,

Sample ME 16/1. Freda sandstone. Dark gray, well sorted, fine-to
coarse-grained micaceous litharenite. Clasts are dominantly volcanic
rock with secondary feldspar and minor quartz. Micas include muscovite
and phlogopite. Mica grains range up to 3 mm in diameter. Rock
fragments are angular to moderately well-rounded. Bedding is relatively
thin ranging from about 1/2 cm to 1 cm. This sample is 2 x 7 x 11 cm.

Sample ME 16/2. Freda sandstone. Dark gray, well sorted, fine-=grained
micaceous silty litharenite. Clasts appear to be dominantly volcanic
rock with feldspar and minor quartz. Micas include muscovite and
phlogopite. Mica grains range up to 3 mm in diameter. Rock fragments
are angular to moderately well=-rounded. This rock sample is 2 x 9 x 14
cm.

Sample ME 16/3. Freda sandstone. Dark gray, well sorted, fine-grained
silty micaceous litharenite. Clasts appear to be dominantely volcanic
rock with feldspar and minor quartz. Micas include muskovite and
phlogopite. Mica grains range up to 3 mm in diameter. Rock fragments
are angular to moderately well=rounded. This rock sample is 4 x 14 x 15
cm.

Sample ME 16/4. Nonesuch shale. Shaley siltstone, dark gray to dark
brown with very fine dark buff bands. Bedding is generally thin, Tless
then .5 mm, ranging up to 2 cm. Lighter color bands appear to be
siltier. The rock has a concoidal fracture. This rock is 4 x 5 x 9 cm.

Sample ME 16/5. Nonesuch shale. Shaley silstone, dark gray to dark
brown with very fine dark buff bands. Bedding is generally thin, less
then .5 mm, ranging up to 2 c¢cm. Lighter color bands appear to be
siltier. The rock has a sort of concoidal fracture. This rock is 4 x 6

X 6 cm,
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Sample ME 16/6. Nonesuch shale. Shaley siltstone, dark gray to dark
brown with very fine dark buff bands. Bedding is generally thin, less
then .5 mm, ranging up to 2 cm. Lighter color bands appear to be
siltier. The rock has a concoidal fracture. This rock is 2 x 5 x 6 cm.

17 September 30, 1985

Type Freda sandstone at Freda, Michigan. Due to extremely inclement
weather we are unable to find the exposure.

18 Exposure of Portage Lake volcanic group at Keweenawan Fault Zone, 1/2
mile north of Phoenix, Michigan on Highway 26 at its crossing of the
Eagle River. September 30, 1985.

Sample ME 18/1. Portage Lake volcanic group. Black basalt displaying
ophitic texture. Spherical weathering of ophitic texture yields a rough
surface exposing sphericals approximately .5 cm in diameter. This sample
id 1 % 13 x 17 em.

Sample ME 18/2. Portage Lake volcanic group. Black basalt, massive.
Sample size is 7 x 8 x 6 cm.

Sample ME 18/3. Portage Lake volcanic group. Black porphyritic basalt,
porphyry. Phenocrysts are hornblende crystals, ranging up to .5 cm in
length., Sample size is 5 x 5 x 13 cm.

19 Exposure of Copper Harbor Conglomerate and Portage Lake volcanic
group. Eagle City, Michigan just north of the Eagle River on Highway 26.
September 30, 1985

Sample ME 19/1. Copper Harbor sandstone. Dirty brown, very poorly-
sorted, well-rounded to angular, litharenite. Grain sizes range from
silt to pebble that are dominantly rock fragments with some feldspar and
minor quartz. Calcite with veins are present in this rock. Sample size
is 2 x 7 x 12 cm.

Sample ME 19/2. Copper Harbor sandstone. DNirty brown, very poorly
sorted, well-rounded to angular, litharenite. Grain sizes range from
silt to pebble that are predominantly rock fragments with some feldspar
and minor quartz. Calcite with veins are present in this rock. Sample

size is 3 x 8 x 9 cm.

Sample ME 19/3. Calcite from a fracture fill in Copper Harbor Conglomer=-
ate. Calcite is white to pink, very coarse-grained with individual
crystals reaching up to 2 cm. Kaolonite intermixed with the calcite
grains. This rock does not fluoresce. Sample size is 5 x 5 x 8 cm.

Sample ME 19/4, Calcite from a fracture fill in Copper Harbor Conglomer-
ate. Calcilte is white to pink, very coarse grain with individual
cyrstals reaching up to 2 cm. Kaolonite intermixed with the calcite
grains. This rock does not fluoresce. Sample size is 4 x 4 x 7 cm,

Sample ME 19/5. Copper Harbor Conglomerate. A rusty brown, poorly
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sorted conglomerate with a matrix of fine sand and silt composed
primarily of rock fragments with some feldspar. Clasts ranging up to 10
cm. in diameter are dominated by well-to medium-rounded volcanic rock
fragments. Coarse sand fragments are commonly angular. Some calcite
cement. Sample size is 5 x 15 x 15.

Sample ME 19/6. Copper Harbor conglomerate. A rusty brown, poorly
sorted conglomerate clasts with a matrix of fine sand and silt composed
primarily of rock fragments with some feldspar. Clasts ranging up to 10
cm in diameter are dominated by well-to medium-rounded volcanic rock
fragments. Coarse sand fragments are commonly angular. Also includes a
medium to fine silty sand layer. This rock has some white to light-green
mottled areas and also includes calcite cement in some area. Rock size
15 5 x 15 X 20 &is

Sample ME 19/7. Copper Harbor conglomerate. A rusty brown, poorly sorted
conglomerate with a matrix of fine sand and silt composed primarily of
rock fragments with some feldspar. Clasts range up to 10 cm. in diameter
are dominated by well-to medium=-rounded volcanic rock fragments. Coarse
sand fragments are commonly angular areas of white to light-green
mottling, appears to be secondary alteration with many of the mafic rock
fragments chloritized or bleached to a pinkish-orange color. The size of
this rock is 4 x 12 x 20 cm.

Sample ME 19/8. Copper Harbor conglomerate. A rusty brown, extremely
poorly sorted conglomerate composed dominantly of coarse clasts with a
matrix of fine sand and silt composed primarily of rock fragments with
some feldspar. Clasts ranging up to 10 cm. in diamter are dominated

by well-to medium-rounded volcanic rock fragments. Coarse sand fragments
are commonly angular. This conglomerate is calcite cemented and includes
some light-pinkish=-orange mottling and kaolinitic clay layers. The
sample size is 7 x 6 x 7 cm.

20 Exposure of Portage Lake volcanics group. Three miles east of
Michigan Highway 41 on the road to Lac La Belle. September 30, 1985,

Sample ME 20/1. Portage Lake volcanics group. A medium gray vesicular
basalt, It has about 30% vesicules ranging up to 5 mm in diameter.
Vesicules are filled with chlorite, calcite and epidote. Sample size is

4 x 7 x 12 cm.

Sample ME 20/2. Portage Lake volcanics group. medium gray vesicular
basalt, It has about 30% vesicules ranging up to 5 mm in diameter.
Vesicules are filled with chlorite, calcite and epidote. Sample size is

3 x6 x 11 cm,

Sample ME 20/3. Portage Lake volcanics group. A dark gray basalt with
greenish-blue copper mineralization apparently malachite with 1ight brick
red colored iron staining. Sample size is 3 x 4 x 6 cm.

21 Haven Park and Waterfalls at Lac La Belle. At this location
waterfall over the Keweenawan fault zone from Portage Lake volcanics on
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to Jacobsville sandstone. One sample was collected by Berendsen and
Barczuk. September 30, 1986.

22 Along the shore of Lake Superior five miles north of Gay, Michigan.
The exposures of Jacobsville sandstone. September 30, 1986.

Sample ME 22/1. Jacobsville sandstone. This is a brick red, very fine
to fine grained well sorted sandstone consisting of quartz and nearly
equal amounts of fine red rock fragments. The unit has fine horizontal
laminate less then 1 mm thick of dark red iron stained finer grained,
probably silty, in between 3 mm thick beds that are brick red and com-
posed dominantly of fine sand. Some mottling is present with individual
mottles being buff to cream in color and being of two sizes, one about 1
mm in diameter, the other is larger ranging from from about 6 mm to 1 cm
in diameter. This rock is also micaceous. Sample size is 2 x 6 x 16 cm.

Sample ME 22/2. Jacobsville sandstone. This is a cream to buff colored
very fine to coarse grained sandstone sand that includes clay clasts up
to 3 cm in diameter and thin clay drapes. The coarser components are
dominantly quartz but the finer components seem to be about an equal mix-
ture of quartz and rock fragments. This sample is 2 x 9 x 16 cm. 1in

size.

Sample ME 22/3. Jacobsville sandstone. This is a cream to buff colored
very fine to coarse grained sandstone that includes clay clasts up to 3
cm in diameter and thin clay drapes. The coarser components are
dominantly quartz but the finer components seem to be about an equal
mixture of quartz and rock fragments. Sample size is 3 x 13 x 20 cm.

23 Jacobsville sandstone section, along Highway 41 southeast of Baraga.
This is September 30, 1985,

Sample ME 23/1. Jacobsville sandstone. Dark purplish gray, medium-to
very coarse-grained, moderately well sorted, quartz dominated litharen-
ite, with relatively abundant mica flakes in some of the bedding planes
ranging in size up to 1 1/2 mm in diameter; calcite and kaolinite cement.

Sample size is 4 x 5 x 9 cm.

Sample ME 23/2. Jacobsville sandstone. This is a dirty earthy rust
colored iron and calcite cemented conglomeritic sandstone. Clasts range
in size from fine sand to small pebble up to 4 c¢cm in diameter. Clasts
include dominantly chert, volcanics, and some granite, quartz, and clay.
The rock is dominated by medium sand fraction. It includes mud class and
individual grains may range from angular to rounded. Sample size is 6 x

9 x 12 cm.
Sample ME 23/3. Ziploc bag with three rocks.

Sample ME 23/3-A. Jacobsville sandstone. Earthy brownish to white mot-
tled, very poorly-sorted quartz litharenite. Grains are fine to pebbly,
large clasts range up to approximately 2 cm in diameter. Rock fragments
and quartz dominate large clasts, black micas present in bedding planes.
Sample size is 2 x 2 x 4 cm,
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Sample ME 23/3-R, Jacobsville sandstone. Light pale green, with dark
green speckles, angular to fairly well=-rounded, fine to very coarse
quartz litharenite, with abundant dark green mica in bedding planes.

Sample ME 23/3-C. Jacobsville sandstone. Earthy brownish to white
mottled, very poorly=-sorted quartz litharenite. Grains are fine to peb-
bly, large clasts range up to approximately 2 cm in diameter. Rock frag-
ments and quartz dominate large clasts, black micas present in bedding
planes. Sample size is 4 x 4 x 3 cm.

Sample ME 23/3-D. Jacobsville sandstone. Dark grayish brown, silty,
fine-grained litharenite with minor quartz and white to dark green
speckled bleached circular spots ranging from 1 mm to 1 cm in diameter.
The rock size is 1 x 5 x 5 cm.

Sample ME 23/3-E. Jacobsville sandstone. Dark grayish brown, silty,
fine-grained litharenite with minor quartz and white to dark green
speckled bleached circular spots ranging from 1 mm to 1 cm in diameter.
The rock size is 1 x 6 x 5 cm.

Sample ME 23/4, Jacobsville sandstone. Light gray, fine-to medium-
grained, subangular to well rounded quartz litharenite. The rock is
generally well sorted but individual layers include very coarse clasts up
to 9 cm in diameter of milky quartz, mafic igneous rocks and cherty
banded iron formation. Other clasts include ferruginous clay rip-up
clasts. Sample size is 8 x 12 x 20 cm.

Sample ME 23/5. Jacobsville sandstone. Light gray, medium-to coarse=-
grained, angular to well-rounded quartz arenite. Sample size is 2 x 4 x
6 cm.

Sample ME 23/6. Jacobsville sandstone. Light gray medium to coarse
grained angular to well rounded quartz arenite, well sorted with a few
larger clasts to 3 mm in diameter. Sample size is 4 x 5 x 9 cm.

Sample ME 23/7. Jacobsville sandstone. Light gray, medium-to coarse-
grained quartz litharenite. Poorly sorted, individual clasts are angular
to well rounded. Greenish weathering mica is prevalent in bedding
planes.

Sample ME 23/8. Jacobsville sandstone. Light brown red to light gray
mottled, fine-to coarse-grained quartz litharenite. Poorly sorted,
individual clasts are angular to well rounded. Greenish weathering mica
is common in bedding plains. Sample size is 6 x 8 x 10 cm.

24 Type area of the Nonesuch shale. East of a bridge over the Iron River
on Michigan Highway 107 at Silver City, Michigan. September 30, 1985.

Sample ME 24/1. Nonesuch shale. Very dark gray, muddy siltstone having a
conchoidal fracture. Approximately 25 pieces in a ziploc bag.

Sample ME 24/2. Nonesuch shale. Very dark gray, muddy siltstone having a
conchoidal fracture.
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Sample ME 24/3. Nonesuch shale. Very dark gray, muddy siltstone.
Conchoidal fracture. ‘

Sample ME 24/4., Nonesuch shale. Very dark gray, muddy siltstone.
Conchoidal fracture.

Sample ME 24/5. Nonesuch shale. Very dark gray, muddy siltstone.
Conchoidal fracture.

Sample ME 24/6. Nonesuch shale. Dark gray to black to dark grayish
green, argillaceous siltstone. Fracturing conchoidal to bedding planes.

Sample size is 5 x 9 x 17 cm.

Sample ME 24/7. Nonesuch shale. Dark gray to black to dark grayish
green, argillaceous siltstone. Fracturing conchoidal across bedding

planes. Sample size is 3 x 6 x 14 cm.

Sample ME 24/8. Nonesuch shale. Dark gray to black to dark grayish
green, argillaceous siltstone. Fracturing conchoidal across bedding

planes. Sample size is 3 x 6 x 12 cm.

Sample ME 24/9. Nonesuch shale. Dark gray to black to dark grayish
green, argillaceous siltstone. Fracturing conchoidal across bedding

planes. Sample size is 2 x 10 x 6 cm.

Sample ME 24/10. Nonesuch shale. Dark gray to black to dark grayish
green, argillaceous siltstone. Fracturing conchoidal across bedding

planes. Sample size is 2 x 12 x 18 cm.

Sample ME 24/11. Nonesuch shale. Dark gray to black to dark grayish
green, argillaceous siltstone. Fracturing conchoidal across bedding

planes. Sample size is 2 x 8 x 12 cm.

Sample ME 24/12. Nonesuch shale. Dark gray to black to dark grayish
green, argillaceous siltstone. Fracturing conchoidal across bedding

planes. Sample size is 1 x 5 x 16 cm.

Sample ME 24/13. Nonesuch shale. Dark gray to black to dark grayish
green, argillaceous siltstone. Fracturing conchoidal across bedding

planes. Sample size is 1 x 5 x 14 cm.

Sample ME 24/14. Nonesuch shale. Dark gray to black to dark grayish
green, argillaceous siltstone. Fracturing conchoidal across to bedding

planes. Sample size is 3 x 6 x 11 cm.

25 Exposure of "unnamed (rhyolite) formation". Eight miles south of
White Pine, Michigan on Highway 64. September 30, 1985

Sample ME 25/1. ‘"unnamed (rhyolite) formation". Brick red colored,
rhyolite porphyry. Phenocrysts include pink feldspars and clear quartz.
Sample size is 4 x 8 x 10 cm.

26 exposure of Freda sandstone and Nonesuch shale Porcupine Mountain
State Park on the west side of the park the Presque Isle Unit. October
1s 1985,
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Sample ME 26/1. Freda sandstone. Dark grayish brown, silty litharenite.
Fine grained. Micas are obvious on the bedding plane. Sample size is
3 x 9 x 11 cm.

Sample ME 26/2. Freda sandstone. Gray, silty litharenite. Mica on the
bedding planes and some apparent ripple marks present on the upper and
lTower surfaces. Sample size is 2 x 10 x 18 cm.

Sample ME 26/3. Freda sandstone., Gray, silty litharenite Mica on the
bedding planes and some apparent ripple marks present on the upper and
lower surfaces. Sample size is 2 x 10 x 10 cm.

Sample ME 26/4. Freda sandstone. Gray, silty litharenite. Mica on the
bedding planes and some apparent ripple marks present on the upper and
lower surface. This sample is oriented and appears to be graded with
finer siltier beds at the top and the bottom, only a couple of mm thick.
Sample size is 3 x 9 x 12 cm.

Sample ME 26/5. Freda sandstone. Gray, silty litharenite. Mica on the
bedding planes and some apparent ripple marks present on the upper and
lower surface. This sample is oriented and appears to be graded with
fine sediments at the top and bottom. Sample size is 3 x 6 x 10 cm,

Sample ME 26/6. Freda sandstone., Medium brown, silty, well rounded,
fine grained sandstone. Horizontally laminated to ripple cross-laminated
with thin clay drapes and thin clay clasts. Thin beds, generally 1-2 mm
maximum thickness. Clays and silt beds range from 1=3 mm in thickness
and are often brownish or greenish in color. Sample size is 6 x 7 x 8
cm.

Sample ME 26/7. Nonesuch shale. Medium=-green gray, argillaceous to
silty sandstone. Micaceous, no bedding apparent. Sample size is 3 x 7 x
11 cm.

Sample ME 26/8. Nonesuch shale. Medium brown to iridescent black,
argillaceous, sandy siltstone. Micaceous with pyrolusite coatings on
many of the fracture surfaces. Ziploc bag with 3 samples.

Sample ME 26/9. Nonesuch shale. DNark brown to a very dark brown,

fine grained litharenite. Micaceous, with ripple cross=-laminated silty
layers. One of the surfaces is fractured with a diamond shape fracture
pattern (by desication?). Pyrolucite coatings on this surface are very
abundant. Sample size is 1 x 8 x 20 cm.

Sample ME 26/10. Nonesuch shale. Medium gray to green, shaly
micaceous, siltstone. Fracture along bedding planes is irregular to
conchoidal, evidence of mud cracks is present in upper surface. Sample
size is 2 x 20 x 25 cm,

Sample ME 26/11. Nonesuch shale. Dark gray micaceous siltstone.
Horizontally laminated with conchoidal fracture and shale interlaminae,
This piece is very irregular in shape and includes some iron staining
along fractures. Sample size is 5 x 8 x 14 cm.
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Montreal River Hydro Project, on the Montreal River on Iron County,
Wisconsin Road B, 2 miles north of Hwy 2 just east of Saxon, Wisconsin.
October 1, 1985,

Sample ME 27/1. Portage Lake volcanic group interflow clastic. Dark
reddish brown, poorly sorted, fine- to coarse-immature litharenite. The
rock is dominantly composed of Tithic fragments some up to .5 cm in
diameter. Minor components include fine to medium feldspar and quartz
grains. Sample size is 4 x 6 x 6 cm.

Sample ME 27/2. Portage Lake volcanic group interflow clastic. Dark
reddish brown, fine to medium grained, silty litharenite. Sample size is
1 x8x 9 cm.

Sample ME 27/3. Portage Lake volcanic group interflow clastic. A dark
reddish brown, very silty, litharenite. Sand grains are dominantly fine=
to very coarse-grained. The rock is cross-laminated. Lithic rock frag-
ments are the major component with some feldspar and quartz. Clay clasts
ranging up to 1 cm in diameter and are distributed along bedding planes.
One side of the speciment displays slickensides. Sample size is

28 Exposures of the "unnamed (rhyolite) formation," Portage Lake
volcanic group, Copper Harbor conglomerate, Nonesuch shale and Freda
sandstone. Copper Falls State Park located on the Bad River 2 miles
north of Mellen, Wisconsin. One sample was collected at this site by
Berendesen and Barczuk. October 1, 1985,

29 Exposures of Portage Lake volcanic group and Orienta sandstone.
Amnicon State Park located on U.S. Highway 2, five miles south of
Superior, Wisconsin., October 1, 1985.

Sample ME 29/1. Orienta sandstone. An iron red to buff banded fine-to
medium-grained, moderately well-rounded to well rounded quartz arenite.
Horizontally laminated, cement is white clay. Sample size i 2 X 8% 9
cm.

Sample ME 29/2. Orienta sandstone. An iron red to buff banded, fine=to
medium-grained, moderately well-rounded to well rounded quartz arenite.
Cement is white clay. Sample size is 2 x 6 x 8 cm.

Sample ME 29/3. Orienta sandstone. An iron red to buff banded, fine=to
medium-grained, moderately well-rounded to well rounded quartz arenite.
Cement is white clay. Sample size is 2 x 5 x 5 cm.

Sample ME 29/4. Orienta sandstone. Rusty red, white mottled conglomer-
ate from near the fault zone. The matrix is fine-to coarse=-grained
fairly well sorted sandstone, dominantly quartz and rock fragments.
Coarse clasts range in size from 1/2 cm to 6 cm and are dominantly vol-
canic rock fragments but also include some chert, rhyolite, and quartz.
The conglomerate is matrix supported. Sample size is 5 x 9% 15 cm.

Sample ME 29/5. Orienta sandstone. Rusty red, white mottled conglomer-
ate from near the fault zone. The matrix is fine to granular, fairly
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well=-sorted sandstone. Dominantly quartz and rock fragments. Coarse
clasts range in size from 1/2 cm to 6 cm, and are dominantly volcanic
rock fragments, but also include some chert and quartz. The conglomerate
is matrix supported. Sample size is 6 x 10 x 15 cm.

Sample ME 29/6. Orienta sandstone. Rusty red, white mottled conglomerate
from near the fault zone. The matrix is composed of fine to granular
sandstone, composed dominantly of quartz and rock fragments. Coarse
clasts range in size from 1/2 cm to 6 cm, and are dominantly volcanic
rock fragments, but also include some chert, possibly sandstone, and
quartz., Clasts are angular to subrounded. The conglomerate is matrix
supported. Sample size 5 x 8 x 18 cm.

Sample ME 29/7. Orienta sandstone. Buff to iron-red mottled, fine to
coarse grained , subangular to subrounded sandstone. Coarse clasts form
beds approximately 1 cm thick. Sample size is 5 x 12 x 17 cm.

Sample ME 29/8. Orienta sandstone. Light brick red, white mottled, fine-
to medium-grained, angular to well-rounded Titharenite. Oriented sample
from fault zone with vertical beds. The sample size is 6 x 8 x 18 cm.

Sample ME 29/9. Douglas Fault gouge. Brecciated basalt with zeolite and
calcite vein filings. Two samples in zip=lock bag.

30 Exposures of Portage Lake volcanic group and Orienta sandstone.
Pattison State Park. Eight miles south of Superior on Wisconsin Highway
35 and the Black River.

Sample ME 30/1. Orienta sandstone. Buff colored, medium to coarse
grained, subround to subangular, well sorted quartz arenite with
liesegang banding. Some feldspar and rock fragments, cement appears to
be clay. This is an oriented sample. Sample size is 9 x 12 x 16 cm.

Sample ME 30/2. Orienta sandstone. A light brick red, well-sorted,

angular to well-rounded, quartz arenite, with some rock fragments and
feldspar grains. The sample size is 6 x 7 x 8 cm.
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B. Description of Exposure Samples Collected
by Pieter Berendsen and Andrzej Barczuk

1

Samples la and 1lb - Chengwatana volcanic group. A dark reddish brown,
vesicular basalt (diabase ?) with white calcite veins up to 1.5 cm
thick. The rock contains numerous, small (up to 1.0 cm in diameters)
vesicles, which are filled with pink zeolites and/or green chlorites.
Vesicles make about 20% of the rocks. Samples size 5x4x4 cm and 6x6x4

cm,

No conglomerate beds were observed as reported by C. Craddock (1972,
Geology of Minnesota).

2

Samples 2a and 2b - Hinkley sandstone. Redding massive in lower 40-60
ft., upper part beds 4-6 ft thick. A pink to beige, fine grained, well
rounded to angular sandstone. Locally - yellowish brown laminae. Few
intraclasts of light pink shales up to 3x5 cm. The rock often contains
brown cementation zones. Samples size 10x10x8 cm and 9x7x5 cm.

3

Sample 3a - Hinkley sandstone. A yellowish brown, fine grained, with
abundant of dark brown, ferruginous, irreqular veins and spots, up to 0.5
cm thick. Very poor cemented (soft). Sample size 4x3x3 cm.

4

Sample 3b - Hinkley sandstone. A yellowish brown, fine grained, poorly
cemented sandstone with few dark brown laminae up to 1 c¢m thick, that are
much better cemented and coarser grained then the rest part of the rock.
Samples sizes 4x4x2 cm.

B

Hinkley formation. No samples were collected by P. Rerendsen and A,
Barczuk.

6

Sample 4a - Nopeming sandstone ("Quartzite"), close to the contact with
the overlying Ely Peak basalt. Laminated siltstone. Alternating laminae
are very dark gray to light tan. They are irreqgular, often disrupted and
from 0.1 to 2.0 cm thick. A single laminae, ahout 2 mm thick, in contact
with the overlying Ely Peak basalt, is black, as the basalt itself. Away
from the contact the laminae become gradually lighter colored. Sample
size 10x8x5 cm.

Sample 4b - Nopeming sandstone. Gray quartzite (formerly - sandstone),
medium to coarse grained, contains some small (up to 0.5 cm) pebbles of
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white quartz and grayish green, brownish black metamorphosed rocks.
Locally = round shaped, pinkish gray structures (load structures?,
concretions ?), up to 1.0 cm in diameter, which sometimes formed single
layers. Sample size 8x8x6 cm.

Sample 4c - Nopeming sandstone. Light grayish, very coarse grained
quartzite (formerly - conglomerate), with abundant of white and milky
quartz pebbles up to 5.0 c¢cm in diameter. The pebbles are pretty well
rounded. Matrix is gray sand with several greenish, small spots, about 1
mm in diameter, which are probably chlorites. Sample size 10x7x7 cm.

Sample 4d - Ely's Peak basalt. Black, aphanitic, featureless, very hard
basalt. Sample size 4x4x3 cm.

6a

Samples 5a and 5b - Thompson formation. Rlack, slightly laminated, very
well cemented metasiltstone, which includes locally very dark gray, lense
shaped, carbonate concretions up to 10.0 cm in diameter. The lamination
wihin the concretions is much coarser then in surrounding rock. Samples
size 6x5x3 cm and 5x4x4 cm.

7

Sample 6a - Fond du Lac formation. Dark reddish, fine grained, slightly
laminated, not very well cemented sandstone. Alternating darker and
lighter laminae are up to 0.1 cm thick. Sample size 9x8x7 cm.

Sample 6b - Fond du Lac formation. Greenish gray, fine grained sandstone
with abundant reddish brown, clayey intraclasts, which are up to 0.4 cm
thick and up to 2.0 cm long. The rock includes locally lenses, bands and
intercalations of dark reddish hrown mudstones. Sample size 6x5x5 cm.

Sample 6c - Fond du Lac formation. Gray, fine to medium grained
sandstone with abundant green, clayey intraclasts. Locally the rock is
interbedded with thin (up to 1.0 cm) laminae of green claystones, similar
to those that form intraclasts (intraformational erosion). Sample size
5x5x4 cm.

8

Sample 7a - Fond du Lac formation. Light reddish brown, medium to coarse
grained, slightly laminated sandstone. Locally - graded beds with a few
very coarse grained laminae up to 1.5 cm thick. The white spots visible
on the surface of the rock are probably altered feldspars. Sample size
6x5x5 cm.

Sample 7b - Fond du Lac formation. Reddish brown, medium grained sand-
stone with several white and beige, irregular spots up to 12.0 cm in
diameter. The boundaries of these spots are sharp. Sample size 8x7x5
cm.

Sample 7¢ and 7d - Fond du Lac formation. Intraformational conglomerates
- yellowish gray, very poor sorted, sandy, with an abundance of gray,
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brown and white, medium to well rounded pebbles up to 5.0 cm in diameter
and with several reddish brown clayey intraclasts up to 10.0 cm long.
Samples size 10x8x8 cm and 7x6x4 cm.,

g

Sample 8 - Thompson formation. Gray blueish green shales (slates) with
few milky quartz veins up to 1.5 cm thick. Sample size 4x4x2 cm.

Sample 8a - Thompson formation. Greenish blueish gray, discoidal,
carbonate concretion. The size of the concretions in the exposure varies
between 2.0 cm and 50.0 cm. Sample size 9x9x4 cm.

Sample 8b - Fond du Lac formation; Basal Conglomerate. Gray blueish gray
and/or greenish gray (on the fresh, wet surface - Tight green), very
poorly sorted conglomerate. Locally = the surface has the yellowish
stains. Matrix is a poor sorted sandstone. There are a few pyrite
concretions within the conglomerate. The pebbles are differentiated:
mainly milky quartz and gray cherts(?) fragments, but also a lot of other
rock fragments, including a few greenish shale clasts, probably derived
from the underlying Thompson formation. The pebbles are medium to well
rounded, up to 20.0 c¢cm in diameter. Sample size 12x10x9 cm.

Sample 8c - Fond du Lac formation; Rasal Conglomerate. As above, but
with small pyritic concretions. About 5 small pieces in plastic ziplock
bag.

Sample 8d - Fond du Lac formation; Basal Conglomerate. Blueish gray,
medium grained, poorly cemented, sandy conglomerate. The pebbles are up
to 2.0 cm in diameter. Sample size 8x7x7 cm.

9a

Sample 9 = North Shore volcanic group. A dark reddish brown, vesicular
basalt porphyry. Vesicles make up more the 30% of the rock. They are
filled with pink minerals (zeolites? clay minerals?). The rock includes
few intraclasts of dark reddish brown, slightly laminated mudstones.
These intraclasts reach up to 15.0 cm in length. Sample size 8x8x8&7 cm.

10

Sample 10a - Chequamegon sandstone. White to buff, fine to medium
grained, poorly cemented, laminated sandstone with reddish spots (relicts
of former color). Sample size 6x5x5 cm.

Sample 10b - Chequamegon sandstone. Typical for this exposure, reddish
to brick red, slightly laminated sandstone. Fine to medium grained,
rounded to angular, rather poor cemented. Sample size 8x6x5 cm.

11
Sample 11 - Devils Island sandstone. Reddish orange, fine grained, well

sorted, very slightly laminated, poor cemented sandstone. Sample size
15x12x10 cm.
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12

Sample 12a - Orienta sandstone (Bayfield group). White gray medium
grained, well sorted, delicate laminated sandstone with few laminae of
reddish brown claystone. Poor cemented. Sample size 6x5x3 cm.

Sample 12a - Orienta sandstone. Red, fine grained sandstone with
abundant of dark reddish brown, clayey intraclasts up to 10.0 cm Tlong.
The rock is locally interbedded with few, dark red mudstone and/or
yellowish brown, medium grained sandstone laminae up to 1.0 cm thick.
Sample size 8x7x5 cm.

Sample 12c - Orienta sandstone. Purple reddish brown, fine grained, well
sorted, slightly laminated, well cemented sandstone. The rock includes
locally few laminae of medium grained sandstone. Sample size 5x4x4 cm,

13

Sample 13 - Chequamegon sandstone. Dark reddish to dark reddish brown,
medium to very coarse grained, very poor sorted sandstone with some beds
rich with well rounded pebbles up to 2.0 cm in diameter. The pebbles are
represented mainly by white grayish and milky quartz and brown chert
fragments. The rock includes locally relatively large (up to 3.0 cm
long), sharp edged intraclasts of dark reddish, fresh looking, soft and
sticky clay. Sample size 12x10x9 cm.

Sample 13a - Chequamegon sandstone. Same as 13, but much poorer sorted,
with several pebbles and granules of differentiated size, shape and
color. Sample size 9x8x6 cm.

14

Sample 1l4a - Freda sandstone. Very dark reddish brown, fine to coarse
grained, poorly sorted and friable sandstone, with some thin conglomerate
layers. Locally - graded bedding is present. Grains, granules and
pebbles are angular. Some beds include abundant dark brown, clayey
intraclasts. The rock contains a variety of rock fragments and
feldspars; quartz is minor component. Sample size: two pieces 8x7x3 cm.

Sample 14b - Freda sandstone. Dark brown, brecciated, fine grained,
friable and poorly cemented conglomerate. The pebbles up to 0.5 cm (max.
- 1.0 cm) are represented by dark brown fragments of volcanic rocks,
feldspars and other types of rocks. Quartz and cherts are minor com-
ponents., Sample size: four pieces about 4x4x3 cm in plastic, ziplock
bag.

Sample 14 ¢ - Freda sandstone. Red to reddish brown, very poorly sorted,
locally brecciated, coarse to very coarse grained, friable, conglomeratic
sandstone. Granules and pebbles up to 1.0 cm are represented by brownish
volcanic rock fragments, claystones, feldspars an quartz. Matrix is
sandy, locally with white spots of secondary calcite cement. Sample size
8x6x4 cm.
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15
Sample not found.

16

Sample 16a - Freda sandstone. Dark red, medium to coarse grained, poorly
sorted, well cemented sandstones with a few sharp edged, dark reddish
brown, clayey intraclasts up to 3.0 cm. Samples size 8x7x7x cm.

Sample 16b - Nonesuch shale. Dark gray, fine grained, delicate
laminated, very well cemented, micaceous sandstone (litharenite). Sample

size 5x5x4 cm.

Sample 16c - Nonesuch shale. Dark gray, very fined grained, shaly, very
well cemented sandstone (litharenite). The rock includes variable rock
fragments, micas, feldspars, and minor quartz. Sample size 4x4x2 cm.

17
No samples were taken.

18

Sample 17 - Portage Lake volcanic group. Rlack, massive, very hard
basalt. Locally - fault structures. Sample size 5x4x4 cm.

19

Sample 18a - Copper Harbor conglomerate. Dark reddish brown, sandy,
calcite cemented, poorly sorted. Locally - graded bedding is present.
Pebbles up to 15.0 cm in diameter are medium to well rounded. They are
represented mainly by very dark reddish and brown volcanic rock
fragments, feldspars and by milky quartz. The rock includes locally
mud-clayey layers, lenses and laminae as well as clayey intraclasts up to
6.0 cm., Sample size 15x12x10 cm.

Sample 18b = Copper Harbor conglomerate. Dark reddish brown, poorly
sorted, conglomeratic sandstone, which includes scattered pebbles of
volcanic rocks up to 5.0 cm in diameter. Locally conglomerate layers.

Sample size 7x7x5 cm.

19a

Sample 19 - Copper Harbor conglomerate. Very dark reddish, poorly sorted
conglomerate, with a sandy, locally calcite cemented matrix. Pebbles up
to 8.0 cm in diameter are represented by volcanic rock fragments,
quartzites, cherts and quartz. Sample size 11x10x8 cm,

20
Sample 20 - Portage Lake volcanics. Purple brown vesicular basalt.

Vesicles up to 0.3 cm in diameter make about 25% of the rock and are
filled with greenish chlorite and white calcite. Small, up to 0.2 mm
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thick, veins are filled with calcite and/or epidote. Sample size 4x4x3
le

21

Sample 21 - Jacobsville sandstone. Brecciated, dark brown, fine grained,
massive sandstone. Sample size 5x4x2 cm.

2

Sample 22a - Jacobsville sandstone. Cream white, medium to coarse
grained, poorly sorted sandstone. The rock includes few, greenish,
clayey intraclasts up to 3.0 cm long and one brown black, triangle shaped
fragment of phosphatic (?) rock, about 0.5 cm Tong. Sample size

12x12x10 cm.

Sample 22b - Jacobsville sandstone. Dark reddish, very fine grained,
laminated sandstone with an abundance of scattered, small (about 1.0 cm)
spots, probably weathered feldspars. Sample size 8x6x5 cm.

23

Sample 23a - Jacobsville sandstone. White gray, medium to coarse
grained, poorly sorted (locally - conglomeratic) sandstone. The rock
includes a few medium to poorly rounded pebbles of quartz up to 5.0 cm
in diameter. Sample size 7x7x6 cm.

Sample 23b - Jacobsville sandstone. Grayish white, medium to coarse
grained sandstone, with reddish, irregular spots and layers. The rock
includes a few medium to well rounded pebbles of milky quartz. Sample
size 6x5x5 cm.

Sample 23c - Jacobsville sandstone. Dark reddish to gray, mottled,
medium grained, poorly sorted sandstone, with a few quartz pebbles up to
1.0 cm in diameter. The rock includes also some flat clayey intraclasts
up to 5.0 cm long. Locally - the pebbles reach 10.0 cm in diameter.

Sample size 10x8x7 cm.

Sample 23d - Jacobsville sandstone. This sample consists of a number
(about 20) of the pebbles collected along the entire exposure, which is
at least 300 m long. The pebbles are medium to well rounded fragments of
white to gray quartz, quartzites and cherts, up to 15.0 cm in diameter,
Locally such pebbles form individual layers.

24

Sample 24a - Nonesuch shale. Dark blueish greenish gray, muddy, very
slightly laminated siltstone. Locally - intersecting sedimentary
structures, like very small (about 1x2 cm) erosional channel, filled with
fine grained sand. Sample size 7x6x4 cm.

Sample 24b - Nonesuch shale. Dark blueish greenish gray siltstone,

interbedded with beige creamy mudstone. The mudstone layers and laminae
are irregular, often lense shaped, up to 0.5 cm thick. They often inter-
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finger with siltstones laminae. Sample sizs 8x8x5 cm.

25

Sample 25 = "Unnamed rhyolite volcanic formation." Pinkish red rhyolite
porphyry with small (up to 0.2 cm) phenocrysts of pink feldspars, black
mafin minerals and clear quartz. Sample size 5x4x4 cm.

26

Sample 26a - Freda sandstone. Dark reddish brown, massive, well cemented
mudstone, which locally includes lenses and spots of grayish, fine
grained sandstone. Sample sizes 7x7x6 cm.

Sample 26b - Nonesuch shale. Reddish gray, slightly ripplecross
laminated, muddy siltstone with greenish, irregular spots. Sample size

10x6x2 cm.
27

Sample 27a - Portage Lake volcanic group. Dark brown, vesicular basalt.
The vesicles make up to 20% of the rock. They are filled with white
calcite, greenish chlorite and pinkish ziolite (?) and they are up to 1.5
cm in diameter, Sample size 9x8x6 cm.

Sample 27b - Portage Lake volcanic group with interflow clastics. Very
dark gray, almost black, massive basalt, in contact with dark reddish,
very fine grained, slighly cross laminated sandstone. Sandstone includes
several small (up to 0.2 cm in diameter), irregular, white spots and
veins. The basalt includes irregular xenoliths of reddish mudstones up
to 1.5 cm in diameter. Sample size 12x10x10 cm.

28

Sample 28 - the transition zone between Copper Harbor sandstone and
Nonesuch shale. Dark brownish red, medium grained, pretty well sorted
sandstone with an abundance of very dark reddish, clayey intraclasts up
to 2.0 cm long, having sharp edged, irregular shapes. They are probably
fragments of broken clayey laminae. Sample size 8x8x/ cm.

24

Stop 29a - Orienta sandstone. Pink reddish, medium to coarse grained,
poorly sorted, well cemented sandstone with a few white spots and a few
dark reddish, clayey intraclasts. Sample sizse 8x8x7 cm.

Stop 29b - Orienta sandstone. White grayish, coarse grained, poorly
cemented, conglomeratic sandstone with sandy matrix. Locally - graded
bedding is present. Coarse clasts range up to 1.0 cm in diameter and
consist of volcanic rocks, cherts, and quartz fragments. Sample size
9x7x6 cm.

Stop 29c - Portage Lake volcanic group; Douglas Fault Gouge. Reddish
black, massive basalt with xenoliths of very dark reddish, slightly
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Stop

metamorphosed mudstones. Sample size 8x6x5 cm,
30

Stop 30a - Orienta sandstone. Pink reddish, fine grained, well sorted,
laminated sandstone. Laminae are from 0.1 to 1.2 cm thick and differ in
colors and grain size (the darker ones are finer grained). Locally - a
few white grayish, medium grained, sandy laminae. The rock is rather
poorly cemented. Sample size 10x9x7 cm.

Stop 30b - Orienta sandstone. Light pinkish, medium grained, well
sorted, delicately laminated sandstone with a few, dark reddish, clayey
intraclasts up to 0.3 cm long. The rock is poorly cemented. Sample size
8x8x6 cm,
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APPENDIX II

Well Logs, Sample Descriptions, and Scout Tickets from selected wells
in the subsurface of Minnesota, lowa, Nebraska, and Kansas
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LOUISA COUNTY, IOWA

NATURAL GAS PIPELINE COMPANY, T. FRIIS, M,-1, T75N, R5W, SECTION 12, SEi,

NE%, SWi,

33 INCH CORE. DESCRIPTION SUPPLEMENTED WITH DESCRIPTIONS FROM

ANDREW FLURKEY'S THESIS (1976). CORED INTERVAL FROM 2142.0 to 2563.0' T.D.

EAU CLAIRE FGRMATION

2142

MT. SIMON
2228

2240

2245

2248

22i0.

2278.
22749.

2299
2300

2306

2354
2355

.0-2228.0' Sandstone, pink to gray, very fine grained, subangular,
mcderately well sorted, sparsely fossiliferous (brachiopods),
micaceous, with interbedded shale, gray-green to dark-gray, very
thinly to thinly bedded, planar to wavy bioturbation absent
te moderate. T.S. at 2227 and 2226.

FO=MATION

0-2240.0' Sandstone, buff to tan, medium to coarse grained, subrounded,
pcorly sorted, with interbedded shale, gray-green, thin, wavy.
Ccntact gradational. T.S. at 2236.

.0-2245.5'  Sandstone, pink to red, medium to coarse grained, subrounded,
poorly sorted with interbedded shale, red, very thin, planar.
Contact gradational. T.S. at 2241.

5-2248.5' Sandstone, white, medium to coarse grained, subrounded,
moderately well sorted, with interbedded shale, red, thin, wavy.
Contact gradational.

.5-2270.0' Sandstone, white to red, medium to coarse grained,
subrounded, poor to moderate sorting, locally cross-bedded, zones
of small scale faulting, with interbedded shale, red, thin, planar
to wavy. Contact gradational.

0-2278.0' Sandstone, white to pink, fine grained, subrounded,
moderate sorting, cross-bedded at base. Contact gradational.

1.5. at 2275.

0-2275.0' Sandstone, white to pink, medium to coarse grained,
subrounded, poorly sorted. Contact gradational.

0-2299.0' Sandstone, white to pink, very fine to fine grained,
subrounded, moderately well sorted, with interbedded siltstone
and shale, red. Contact sharp.

.0-2300.0' Shale, red brown to green, micaceous. Contact sharp.

.0-2306.0' Sandstons, buff, fine to medium grained, subrounded,
roderately well sorted, cross-bedded. Contact gradational. T:5:
at 2300.

.0-2354.5' Sandstone, buff, fine to medium grained, locally coarse
grained, subroundsd, moderately well sorted, coarser fractions
more poorly sorted, cross-bedded, some shaley zones, gray green,
very thin, wavy. Contact gradational. T.S. at 2340, 2330,

2321 and 2310.

.5-2355.0' Sandstone, buff, coarse grained, subrounded, moderate
to poor sorting. Contact sharp.

.0-2359.5' Sandstone, tan, very fine grained, subrounded, moderately
well sorted, with interbedded shale, gray, thin to medium (1™
planar to wavy. Contact gradational. T.S. at 2359 and 2355.




Fgus pe

2359.5-2376.5' Sandstones, buff, medium to coarse grained, subrounded,
poor to very poor sorting, large scale cross-beds. Contact gradational.
T.5. at 2367.

2376.5-2385.3' Sandstone, buff, fine to medium grained, locally coarse
grained, subrouncsd, moderate to poor sorting with interbedded
shale, dark gray, thin to medium (£3"), planar to wavy. Contact
gradational. T.S. at 2379.

2385.3-2402.0' Sandstcne, buff, fine to medium grained, locally coarse
to very coarse grzined, subrounded, moderately well sorted, coarser
fraction poorly scrted, large scale cross-beds. Contact gradational.
T.5. at 2397.

2402.0-2405.0' Sandstcn2, buff, fine to medium grained, subrounded,
moderately well sorted, locally interbedded with shale, gray
to dark gray, thin, planar to slightly wavy. Contact gradational.

2405.0-2407.5' Sandstcne, buff, fine, subrounded, moderately well
sorted, cross-beciad. Contact sharp.

2407.5-2413.0" Shale, cray, micaceous, very sandy near top. Contact
sharp.

2413.0-2450.0' Sandstcne, buff to pink, fine to coarse grained, locally
very coarse grained, subrounded to subangular, poorly sorted,
coarser fraction more poorly sorted, large scale cross-beds.
Contact gradationzl. T.S. at 2443 and 2415.

2450.0-2453.0' Sandstcne, gray, very coarse grained, subangular, moderately
well sorted. Contact gradational.

2453.0-2454.5' Sandstcne, white to pink, fine to very fine grained,
subrounded, moderziely well sorted, contact gradational.

2454.5-2455.0"' Sandstcne, gray, very coarse, subangular, moderately
well sorted. Conzact gradational.

2455.0-2563 Sandstcne, white to pink, fine to very fine grained,
subrounded, moderazely well sorted, medium to large scale cross-
bedding, liesegarg banding. T.S. at 2498.

End of core.
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NORTHERN NATURAL GAS CCMPANY, B. LEHMAN #1, DALLAS CO., IOWA 1971, SW
NW NW SEC. 18 T79N R27W. ELEVATION: 900' K.B., 890' G.L. CORED INTER-
VAL DESCRIPTION 2567'-2964' T.D., DEPTHS IN FEET. DESCRIBED BY RANDY

PARKINSON, AUGUST 1981.
BONNETERRE FORMATION

Upper Member

2567.5-2583.7' Interlayered dolostone and shale: dolostone, gray-
green, finely crystalline, thinly laminated to medium bedded,
parallel to wavy, very silty, slightly glauconitic; shale,
dark gray, thinly laminated to medium bedded, parallel to
wavy, fissile; horizontal burrows, with dolostone in fill

(as above) within shale. 0.3' of dolomitic limestone at 2583.0" +

Trough cross-bedding from 2575.0' to 2576.0"'. T.S. at 2567.5".
Contact gradational.

2683.7-2589.0' Shale, dark green to dark gray, silty at top, dolo-
mitic. Abundant trilobite fragments, sparse brachiopods.
Contact gradational.

2589.0-2590.0' Intraclastic conglomerate; intraclasts light gray,
glauconitic™ 1imestone, cobble size, randomly orientated; matrix
light gray limestone, shaley, glauconitic. Contact gradational.

2590.0-2594.0' Shale, light green to dark green, calcareous. Mot-
tled 1ight gray dolostone, glauconitic, from 2591.0' to 2592.0°.
Intraclasts, dolomitic, glauconitic, cobble size at 2592.0'.
Contact gradational.

2594.0-2115.0"' Interlayered limestone intraclastic conglomerate
and shale: limestone conglomerate gray to gray-green; medium
laminated to medium bedded; intraclasts are limestone, fine
to very finely crystalline, cobble size, very sparsely fossil-
iferous (brachiopods), slightly glauconitic, silty; matrix,
microsparite, fossiliferous (brachiopods, trilobites), glau-
conitic, dolomitic, slightly silty; shale, dark gray, thinly
laminated to medium bedded, dense, fossiliferous (brachiopods).
Intraclasts randomly oriented in greater than thin beds, hori-
sontal within less than thin beds. Stylolites between 2604.5".
Limestone conglomerate appears mottled due to variance in
carbonate grain size. T.S. at 2601.0' and 2604.0'. Contact
gradational.

2615.0-2623.5' Shale, gray-green dense, with 0.3' of interlaminated
limestone, light gray-green, glauconitic, medium, wavy at
2616.7'. 0.1' limestone intraclastic conglomerate within
shale at 2617.0'. Shale surrounding the conglomeratic zone
is calcitic. Contact gradational.

2623.5-2628.0' Limestone, light gray, very fine grained to coarse
grained interbeds, thin to medium; coarser layers very fossil-
iferous (trilobites, echinoderms), silty, with micrite pellets;
finer fraction sparsely fossiliferous (brachiopods), both
are glauconitic. Interlaminated shale, dark green, very thin
to medium, parallel to wavy, silty, scattered throughout.
T.S. at 2627.0'. Contact gradational.

p 1
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2628.0-2629.0' Shale, dark green, dense, with interlayered 1ime-

. stone lenses, light gray, fine grained. Contact gradational.

2629.0-2641.0' Limestone, light gray, mottled and stylolitic. Mot-
tled appearance due to presence of micrite, microsparite and
coarsely crystalline dolomite, all glauconitic. Micrite and
microsparite silty and fossiliferous (trilobites, echinoderms).
Interlayered shale present, medium to thickly laminated, wavy,
shale also present as: 0.5' at 2636.5', 0.5' at 2638.6' and
0.4' at 2639.6'. T.S. at 2634.0'. Contact gradational.

2641.0-2642.2' Shale, dark green, dense, with scattered very thin
limestone lenses at base, grading upwards into chocolate brown,
fissile, fossilierous (brachiopods). Contact gradational.

2642.4-2644.5' Limestone, light gray, fine to medium crystalline,
glauconitic, mottled (as above), with some Timestone intra-
clastic cobbles. Shale interlaminae, very thin to medium,
dark green, wavy, also present within limestone. Contact
gradational.

Brown Shale Member

2644.5-2667.9' Interbedded dark green and chocolate brown shale,
medium to thick: Dark green shale dense, containing very
thin, 1ight gray limestone nodules from 2649.0' to 2652.5°'.
Chocolate brown shale fissile. Also present are medium inter-
beds of 1imestone, light gray, consisting of fine to coarse
grained interlaminae, thin, very foss+liferous (trilobites,
echinoderms), glauconitic, coarser interlayers silty: 0.2'
at 2648.0', 0.4' at 2650.0', 0.5' at 2652.5', 0.2' at 2654.0',
1.0' at 2657.5', 0.6' at 2660.0', 0.8' at 2661.0', 0.3"' at
2663.0', 0.1' at 2664.0', 0.1' at 2665.0', 0.3"' at 2666.0"',
0.2' . at 2668.0'. 0.2' of limestone, cobble intraclastic con-
glomerate at 2652.5'. T.S. at 2657.5'. Contact gradational.

Lower Member

2667.9-2670.0' Interlayered limestone and shale: limestone 1ight
gray, thickly laminated to parallel to lense-like, medium
crystalline, fossiliferous (trilobites), glauconitic; shale,
dark green, thick laminae, dense. Contact gradational.
2670.0-2674.4' Limestone, light gray, extremely fossiliferous (trilo-
bites) and glauconitic, coarsely crystalline, with shale inter-
laminae, dark green, thin to medium, wavy. Contact gradational.
2674.4-2678.0' Interlayered limestone and shale: Limestone light
gray, thickly laminated to parallel to lense-like, medium
crystalline, fossiliferous (trilobites), glauconitic; shale,
dark green, thick laminae, dense. Contact gradational.
2678.0-2698.0' Limestone, 1ight gray, extremely fossiliferous (trilo-
bites, echinoderms, brachiopods) and glauconitic, coarsely
crystalline, slightly dolomitic, with dark green shale inter-
laminae, thin to medium, wavy. Shale interbeds are also present,
medium, gray-green, dense, glauconitic: 0.1' at 2686.0°',
0.2' at 2687.2', 0.4' at 2688.5' and 0.4' at 2690.0'. T.S.
at 2681.0'. Contact gradational.
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2698.0-2704.0' Interlayered limestone and shale: Timestone light
gray, thickly laminated to medium bedded, parallel to lense-
like, fine to coarsely crystalline, glauconitic, fossiliferous
(trilobites, echinoderms, brachiopods), silty, stylolitic;
shale, dark gray-green, thinly laminated to medium bedded,
parallel to wavy, glauconitic, silty. T.S. at 2702.5'. Con-
tact gradational.

2704.0-2712.5' Limestone, light gray, coarsely crystalline, fossili-
ferous (trilobites), glauconitic, with interlaminated shale,
green, very thin to thin, wavy. Limestone extremely glau-
conitic from 2704.0' to 2706.0'. Crosbedded at 2705.0'. Con-
tact gradational.

2712.5-2714.0' Shale, dark gray, dense. Contact gradational.

2714.0'2717.0' Limestone, light gray, coarsely crystalline, fossil-
iferous (trilobites), glaucinitic, with interlaminated shale,
gray, thin, wavy. 0.4' shale, brown, fissil at 2716.6"'. Contact
gradational.

2717.0-2718.0' Limestone, red brown, coarsely crystalline, fossil-
iferous (trilobites), glauconitic, hemititic. Contact grada-
tional.

2718.0-2722.9' Interlaminated limestone and shale; limestone, thin
to medium bedded, wavy to lense-like, light gray, coarsely
crystalline, very fossiliferous (trilobites) and glauconitic,
with limestone intraclasts, light gray, without skeletal grains
or glauconite, scattered throughout (these clasts have a red-
brown rind); shale, dark green, medium laminae to medium bed-
ded, wavy, glauconitic. 0.4' dark gray shales at 2721.5°'.
Contact gradational.

2722.9-2788+2' Interlayered carbonate and shale: carbonate is
a very silty dolostone at base, light gray to buff, fine to
coarsely crystalline, medium bedded to nodular, glauconitic,
grading upwards into a dolostone, light green, medium bedded
to nodular, silty, sparsely fossiliferous (trilobites, brachio-
pods), glauconitic; shale, green, glauconitic, very thin to
thinly laminated, wavy at base, grading upwards to thickly
laminated to medium bedded, wavy. Horizontal burrows, absent
to moderate, within shale interlayers. Boundary between shale
and carbonate becomes increasingly indistinct with depth.
Carbonate coarsely crystalline with large intraclastic pel-
lets: 1.0' at 2767.5', 0.5' at 2770.5' and 0.3' at 2777.0'.
Gypsum/Anhydrite, pink present at 2765.0', 2807.0' and 2809.0'
as fracture fill. T.S. at 2770.5' and 2769.5'. Contact gra-
dational.

2788.0+2-2822.0"' Interlayered dolostone and siltsone: dolostone,

o light gray to green, medium bedded, planar, medium to coarsely
crystalline, silty, glauconitic; siltstone, buff to light
brown, thin to medium laminae, wavy. Very thin to thin, wavy
shale laminae, dark gray becomes increasingly abundant towards
top. Randomly oriented cobble size intraclasts from 2819.0'
to 2820.0'. T.S. at 2796.0' and 2809.0'. Contact gradational.

pS
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2822.0-2823.5' Siltstone, buff, with interlaminated shale, dark
gray, thin to medium, wavy.

2823.5-2826.5" Very sandy Dolostone; gray, sand fine grained, sub-
rounded, fossiliferous (brachs), glauconite, coarsely crystal-
Tine. T.S. at 2825.0°'.

2826.5-2833.0"' Interlayered siltstone and shale; siltstone buff
to dark gray, thinly laminated to medium bedded, wavy, slightly
fossiliferous (brachs); Shale, dark gray, thin to medium laminae,
wavy. Bioturbated at top of unit, horizontal; silt filled bur-
rows. 0.5' of very coarsely crystalline dolomite, red, at
2832.5".

MT. SIMON

2833.0-2855.2' Sandstone, light gray to buff, fine to coarse grained,
sub rounded to rounded, poorly sorted, fossiliferous (brachs,
trilobites), glauconitic with interlaminated shale, dark gray,
very thin to thin, wavy. Horizontal burrows, with very fine to
fine grained sand unfill within shale. 0.3' of dark gray shale
at 2841.1'. Sandstone, buff, coarse to very coarse: 0.8' at
28d2.7, 0.5% at 2852.8", T.S. 2833.5'.

2855.2-2856.1' Sandstone, 1ight gray, very coarse to granular, poorly
sorted, subrounded.

2856.1-2857.0"' Sandstone, 1ight gray, fine grained with some very
coarse grains, poorly sorted, subrounded.

2857.0-2870.0' Sandstone, 1light red-brown, very coarse, subrounded,
poorly sorted, with some interlaminates of silt to very fine
sand, thin. 0.2' of siltsone, red at 2865.0'.

2870.0-2871.3' Sandstone, light red brown, fine grained, with some
coarse sand, subrounded, poorly sorted. 0.3' of siltstone, dark
red brown at base.

2871.3-2899.0' Sandstone. Light red brown, coarse to pebble size,
subrounded to sub angular, poorly sorted, with interlayered
silt to very fine sandstone, 1light red brown: 0.3' at 2873.6',
0.8' at 2879.8', and 0.2' at 2884.5'. Medium interlaminae of
blue-gray silty shale also present within sandstone at 2885.2',
2886.3', 2888.0' and 2895.4'. 0.3' dark red brown shale at
2883.0"', medium scale crossbedding at 2875.0', 2879.0', 2886.4"'
and 2896.5'.

2899.0-2900.5"' Siltstone, dark gray and red brown to rusts, thin
to medium interlaminae.

2990.5-2924.0"' Sandstone, 1ight gray to rust, coarse to pebble,
subrounded to subangular, poorly sorted, crossbedded, medium

scale.
PRE CAMBRIAN
Red Clastic Series

2924.0-2925.0' Silty shale, brick red, massive.



2925.0-2931.0' Shale, silty, gray-green, massive. Contact grada-
tional.

2931.0-2934.0' Shale, silty, mottled gray-green and brick-red,
massive, Contact gradational.

2934.0-2964.0' T.D. Siltstone, brick-red, becomes increasingly
shaley towards top. Localized irregular gray-green areas
present s thin to medium beds, parallel, or as discrete 1.0
to 4.0 mm spheres. Contact gradational.

LEHM4w pb
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Nebraska Information




February 11, 1969
Marvin P. Carlson

SAUNDERS C SE SE 33-15N-8E Superior 0il No. 1 Nygren 1216 KB

(ror)
650"
660
670
680
700
710
720
730
740
750
760

790
820
830
840
850
860
870
880

890
900
9110
920
930
990
1000
1030
1080

1110
1130
1160
1170
1180
1190
1200
1210
1220
1230
1250
1280
1310
1320
1330

1340
1350
1370
1380
1390

Shale, medium gray, some black ''coal" fiberous, limestone

Limestone, gray, very finely crystalline

As above, green gray shale

Limestone, tan gray, sublithic

Shale, gray to green gray, some red

Limestone, gray, very fine to finely crystalline, shale as above

Shale, medium gray, some red, trace sand

Dolomite, tan, very fine rhomb

Dolomite, gray, very finely crystalline, green gray shale

As above, very fine to fine rhomb, green sandy shale

As above, granular crystalline

Skip 780-790

Dolomite, tan gray, very fine rhomb, trace blocky chert

As above, cryptocrystalline to finely crystalline

Dolomite, tan, as above

Dolomite, tan gray, cryptocrystalline, some fine to medium rhomb

As above, cryptocrystalline, some fine rhomb

As above, fine, some medium rhomb, trace dead chert

Dolomite, gray, very finely crystalline, trace embedded sand

Dolomite, tan gray, very fincec rhomb, sucrose, pyrite, 10% tan mottling
conchoidal chert

Dolomite, gray, very finely crystalline sucrose, trace green shale

As above, granular crystalline

As above, very fine rhomb

As above, fine rhombic sucrose

Dolomite, light gray, dense to granular

Dolomite, tan gray, fine, some medium rhombic sucrose

As above, 10% white blocky to dead chert

As above, dark mottling, fine, some medium rhomb

Dolomite, gray, very fine rhomhic sucrose, 10% white blocky to dead
chert

Dolomite, tan gray, some fine to medium crystalline

Dolomite, gray, fine to medium rhomb

As above, dark mottling, fine to coarse crystalli- »

Dolomite, gray, very fine to fine rhomb, 10% white bloc"y to dead chert

Dolomite, tan grav, very fine rhomb, 20% medium gray speckled chert

As above, 10% white blocky chert

Dolomite, as above

As above, 20% medium gray speckled chert

As above, chert as above, dead

As above, dark mottling, some fine to medium crystalline

Dolomite, tan, fine rhomb

As above, very fine rhomb, 5% dead chert

As above, very fine crystalline, much very fine embedded sand

As above, some very fine rhomb, trace sand

Dolomite, medium gray, very finely crystalline, argillaceous, embedded
shale, some medium gray shale

Dolomite, gray, black mottling, some fine to medium crystalline

Dolomite, tan gray, some very fine to finely crystalline

Dolomite, tan to dark gray, finely crystalline

Shale, green

As above, trace sand



February 11, 1969
Marvin P. Carlson

SAUNDERS C SE SE 33-15N-8E Superior 0il No. 1 Nygren 1216 KB

1400,
1410
1420
1430
1440
1450
1460
1470

1480
1490
1500
1520
1540
1550
£5" )
1560
1575
1595
1610
1625
1630
1640
1655

1665
1690
1440
1720
1730
1750
1755
1760

1765
1770
1775
1790
1805

Dolomite, tan to brown, cryptocrystalline, some finely crystalline

Shale, green

Dolomite, calcic, gray, very finely crystalline, argillaceous

Dolomite, tan gray, dense, much fine to medium embedded sand

Shale, green gray § red brown, some sand

Sandstone, dolomitic, fine, some medium to coarse, pyrite

Sand, medium to coarse, rounded, frosted

? Cave, dolomite, tan gray, some very fine to fine rhomb, 5% white
blocky chert

As above, sand § shale

Dolomite, medium gray, cryptocrystalline, some rhomb, oulitic pyrite

Dolomite, tan gray to medium gray, as above

Dolomite, tan, dense

Dolomite, tan gray, some very fine rhomb, trace embedded sand

As above, cryptocrystalline, some rhomb

As above

As above, very fine to fine rhomb

As above, fine, some medium rhomb

Dolomite, gray, as above

As above, 5% tan gray chert

As above, trace chert as above § quartzose

As above, fine to medium embedded sand, trace glauconite

Dolomite, tan gray, very fine rhomb, embedded silt to very fine sand,
glauconite

As above, some very fine rhomb, glauconite

As above, some very fine to finely crystalline

As above, glauconite, medium gray to green gray shale

Dolomite gray, fine to coarse crystalline, glauconite, shale as above

As above, dark mottling as above

Sandstone, fine to medium dolomitic to sandy dolomite

Sand, fine to coarse, some very coarse

Dolomite, gray to red, very finely crystalline, sand embedded to
dolomitic sandstone

Sand, fine to medium, dolomite as above

Dolomite, gray to red, very finely crystalline, much embedded sand

Sandstone, fine to medium, dolomitic to sandy dolomite

Sandstone, fine, some medium, pink, subrounded to rounded

Sandstone, very fine to fine, angular to subrounded, pyrite

1820-35 T.D. - As above with intergranular white ''clay", trace mica
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December 10, 1968
Marvin P. Carlson

LANCASTER NW NW NW 36-9N-S5E Shar-Alan 0il No. 1 Sullivan 1342 KB

(10')

1200 Limestone, tan gray, very finely crystalline

1210 Limestone, medium gray, dense, much medium to dark gray shale

1220 Shale, as above § red

1230 Limestone, gray, crystalline, sand embedded

1240 Limestone, tan gray to pink, very finely crystalline

1260 Dolomite, tan, dense

1270 Dolomite, tan to brown, very fine rhombic sucrose, trace embedded sand

1280 As above, 5% white conchoidal chert

1300 Dolomite, tan, dense, some very fine rhomb, trace embedded sand

1330 Dolomite, gray to dark gray, dense to cryptocrystalline, embedded sand

1340 Dolomite, medium gray, cryptocrystalline, some fine rhomb, trace
sand, 5% white conchoidal chert

1.350 As above, dense, some fine to medium rhomb, trace green shale,
20% chert as above

1370 As above, cryptocrystalline, some medium rthomb

1400 Dolomite, gray to tan gray, fine to medium rhomb, crystalline quartz,
trace chert

1450 Dolomite, gray, cryptocrystalline, some rhomb

1480 As above, cryptocrystalline to medium rhomb

1490 Dolomite, tan gray, dense to fine rhomb

1520 As above, 10% white blocky to dead chert

1540 Dolomite, gray, fine rhombic sucrose, chert as above

1560 Dolomite, tan gray, very fine to fine rhombic sucrose

1580 Dolomite, gray, fine, some medium rhomb

1620 As above, fine rhombic sucrose, 10% white dead chert

1630 Dolomite, tan, very finely crystalline, trace maroon to medium gray
shale

1640 Dolomite, light gray, granular to very finely crystalline sucrose

1740 Dolomite, gray, very fine to fine rhomb

1750 As above, fine rhombic sucrose, 10% white blocky chert

1770 As above, some medium rhomb, 10% white blocky to dead chert

1790 As above, fine to medium rhomb

1830 As above, cryptocrystalline, some medium rhomb

1840 As above, fine to medium rhombic sucrose

870 As above, dark mottling, fine to medium rhomb

1880 As above, some coarse

1390 Dolomite, tan gray, very fine to fine rhomb, 5% white dead chert

Skip 1900-1910

1910 As above, 10% gray speckled blocky chert
Skip 1920-1940

1940 Dolomite, tan to tan gray, very fine to fine rhomb
1950 As above, dark mottling, fine to medium rhomb
1980 Dolomite, tan, fine, some medium rhomb
1990 Limestone, dolomitic, gray, dark mottling, dense
Skip 2000-2010
2010 Dolomite, tan to brown, dense, some fine to medium rhomb
Skip 2020-2030
2030 Dolomite, medium gray, some finely crystalline, dark gray shale
2040 Dolomite, tan to brown, very fine to finely crystalline

Skip 2060-2070



12/10/68 - MPC

[LANCASTER Shar-Alan 0il No. 1 Sullivan

2070
2080"°
2090
2110
2120
2130
2160
2190

2200
2220
2230
2240
2250
2270
2310-19

Shale, green to green gray

Limestone, tan gray to tan, dense to lithic

Dolomite, dark gray to tan, finely crystalline, green gray shale

Dolomite, tan gray, dark mottling, finely crystalline

As above, green shale

Dolomite, tan, very fine to finely crystalline, fine to medium sand

Sand, fine to medium, rounded

Sand to sandstone, very fine to fine, some medium Basalt ? fragments
pyrite

Dolomite, tan gray, fine, some medium rhomb

Dolomite, gray, as above, trace granular glauconite

As above, dense, some fine to coarse crystalline, glauconite pellets

Dolomite, medium gray, as above

Dolomite, medium to dark gray, dense to medium crystalline

Sand, fine to coarse, rounded

T.D. - Basement, weathered, pink to orange feldspar to clay, quartz

(Reported as arkosic sandstone, appears as highly weathered felsic

crystalline rock)
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January, 1970
Marvin P. Carlson

SAUNDERS NW NW SW 6-13N-10E N.N.G. No. 21 Strat 1080 KB

(5')

550
360
365
570
580
385
390
400
405
415
420
435
450

455
460

165
a5
180
500

3
520
530

545
560

505
270
575
580
590
610
020
635
650

660
H85

uyy
695
75
710
415
720
730
740
790

* Shale, red to maroon, silty

As above § medium gray

Limestone, medium to dark gray, dense

Sandstone, very fine to fine, micaceous

Shale, medium to dark gray, pyrite

Shale, medium gray

Limestone, light medium gray to tan-gray, very finely crystalline

Shale, calcic, light medium gray

Limestone, tan-gray, some finely crystalline

Limestone, tan, very finely crystalline

Shale, light medium gray, mottled yellow to red

Dolomite, tan to brown, very finely crystalline

Dolomite, tan, very fine rhomb, trace green shale

Dolomite, light gray, granular to very finely crystalline with fine to
medium embedded sand

Dolomite, light to medium gray, cryptocrystalline, some fine rhomb,
pyrite

Dolomite, .an to gray, dark mottling, cryptocrystalline to fine rhomb

Dolomite, tan to gray, very fine to fine rhomb

As above, green shale

Dolomite, light to medium gray, fine, some medium rhomb, 10% gray
conchoidal chert

Dolomite, tan-gray, as above, chert, as above

Dolomite, medium to dark gray, cryptocrystalline, some rhomb, 20% chert

As above, 20% chert, dark mottling

Dolomite, medium gray, cryptocrystalline, some coarse rhomb, chert,
as above

Dolomite, tan to dark gray, some finely crystalline, 10% chert, as
above, green shale

As above, gray blocky chert

? As above, much green gray § red shale

Dolomite, tan-gray, fine rhomb

As above, fine to medium rhomb, vuggy, trace oolitic dolomite

Dolomite, light gray, very finely crystalline

As above, very fine rhomb

Dolomite, light to medium gray, some fine rhomb, vuggy

Dolomite, medium gray, some rhomb, 10% gray, dark mottled chert

Dolomite, light gray, very fincly crystalline to argillaceous, 10% white
blocky chert

As above, granular

As above, very fine, some finely crystalline, pyrite, 10% white blocky
to dead chert

Dolomite, gray, fine rhombic sucrose, 5% chert as above

As above, trace gray § red shale

Dolomite, gray, argillaceous, green § red shale, pyrite

Shale, medium gray to green gray, some fine rhombic dolomite

Dolomite, tan-gray, dark mottling, fine rhomb, shale, as above

Mostly shale, as above

Shale, medium gray to green-gray, dolomitic

Dolomite, tan-gray, fine to medium rhomb

As above, some finely crystalline



January, 1970 Page 2
Marvin P. Carlson

SAUNDERS NW NW SW 6-13N-10E N.N.G. No. 21 Strat 1080 KB

500

815 ,

820

835
&50
875
o915
g2 5
u35
965
975
990
1010
1020
1030
1035
1045
1050
1055
1060
1065
1070

(Core
1080
1082
1u84
1086
1088
10200

1002
1094
1096
1098
1100
1102
1104
1106
1108
1110
1112
1114
1116

1118
1120
1122
1124
1126
1128
1130
1132
1134
L1136

Dolomite, light medium gray, some fine to coarse crystalline
As above, finely crystalline
As above, dark mottling, finely crystalline, 10% white blocky to dead
chert
Dolomite, gray, very fine to finely crystalline, chert as above
As above, dark mottling, fine rhomb, 5% chert, as above
Dolomite, gray, fine rhomb, 10% dead speckled chert
As above, very fine to finely crystalline, 20% chert, as above
Dolomite, tan-gray, fine rhombic sucrose
As above, fine to medium rhomb
As above, very fine to fine rhomb, some very fine sand embedded
Dolomite, tan, very fine rhomb
As above, very fine to fine rhomb, pyrite
Dolomite, tan-gray, dark mottling, as above
Shale, light medium gray, some red mottling
Dolomite, calcic; tan gray,; sublithic, some £ine zvhomb
Dolomite, tan, fine rhomb, green-gray shale
Dolomite, tan to brown, very fine to fine rhomb
As above, dense
As above, some gray, dense limestonc § medium gray shale
Dolomite, calcic, tan-gray, dense
As above, dark speckling
Shale, medium gray to green-gray
Core 1080-1145
chips representing 2')
Limestone, tan to brown, dense to lithic
Limestone, as above
Shale, green
Shale, green with brachiopods
Shale, as above
Dolomite, calcic, brown-gray, dense, some very finely crystalline,
brachiopods
Dolomite, as above, argillaceous
Dolomite, as above
Dolomite, as above
Dolomite, calcic, brown, black speckled, dense to lithic
Dolomite, as above
Shale, calcic, brown to gray
Dolomite, argillaceous, medium gray, dense
Shale, calcic, medium gray to green-gray
Shale, as above
Dolomite¢, calcic, tan, dark speckling, dense
Dolomite, as above
Shale, calcic, medium gray
Dolomite, tan-gray, very fine to finely crystalline, much fine to
medium embedded sand
Dolomite, brown, red § black speckled, argillaceous, dense
Dolomite, as above
Shale, dolomitie, red te brewn, light gray lenses
Shale, green, waxy
Shale, as above, sandy
Sandstone, very fine to fine, dolomitic
Sandstone, as above
Sandstone, as above
Sandstone, as above, some medium
Dolomite, tan, very finely crystalline, much very fine to fine sand

embedded



: J .uary, 1970 Page 3
= Marvin .. Carlson

SAUNDERS NW NW SW 6-13N-10E N.N.G. No. 21 Strat 1080 KB

1138 Sandstone, dolomitic, very fine to fine

1140 , Sandstone, (s above

1142 Sandstone, as above

1144 Sandstone, as above, contains 20% medium coarse sand

(larger core fragments representing 1', 1131'-1145")

5' Rotary Samples 1145-1190

1145 Cave, varied dolomite, sand, shale

1155 Sandstone, dolomitic, fine to coarse

1170 Shale, medium gray § red, some fine sandstone

1185-90 - Questionable basement: sandstone, as above, pyritic
& light gray, fine rhombic dolomite
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Correlation Summary-Layne Western #3 Lonergan Lake

Douglas Co., NW SE SW 11-16N-12E

Elev. 1222 G.L.

Pleistocene 0 - 334
Silt and clay
Sand
Pennsylvanian Shale
Mississippian Dolomite
Devonian Dolomite and Shale
Silurian cherty Dolomite
Ordovician 9665 - 1330
Maquoketa-Galena Dolomite
Decorah Shale and Dolomite
St. Peter Sandstone
Oneota Dolomite
Cambrian 1555-1915
Jordan Sand and Dolomite
Franconia Dolomite
Dresbach Sand and Dolomite
Precambrian

0
245
334
460
560
910

955
1530
1445
1475

1835
1660
1760
1916

- 245
- 334
- 460
= 5gb
- 810
- 955

=1330
-1445
-1475
~1553

-1660
-1760
«1915
2355 T.D.



September, 1969
M. P. Carlson

OUGLAS CO., NW SE SW, 11-16N-12E, Layne-Western #3 Lonergan Lake
(5 feet samples, figures indicate top of interval)

1] Silt, red brown, some fine to coarse sand
30 Silt, medium to dark gray
45 §ilt, clay, light tan
70 As above, 10% fine to medium sand
80 As above, more sand
L0O Silt, light gray to tan gray, some sand and gravel
20 As above, some medium gray, silty clay
30 Clay, silty, medium to dark gray, 20% sand and gravel
230 As above, 50% fine to coarse sand
45 Sand, fine to coarse
55 Sand, fine to medium, some coarse
310 Sand, medium to coarse, some very coarsc
30 Shale, red and gray mottling, sand as above
85 Shale, red to yellow, in part sandy
90 As above, some light gray to green gray
400 Shale, light medium gray, mottled red and yellow
10 Shale; light to light medium gray
55 As above, trace green gray sandy shale

60 Dolomite, medium gray, dark mottling, some finely crystalline, pyrite
05 Dolomite, light medium gray, fine to medium rhombic sucrose, green
gray shale
70 Dolomite, calcic, light gray to tan gray, dense
95 Dolomite, medium gray, some fine to medium crystalline, green gray shale

505 As above, fine to medium, some coarse rhomb

10 As above, dense to finely crystalline, green gray shalc

30 NDolomite, light tan gray, very fine, some finely crystalline
60 As above, green gray shale

70 Dolomite, light medium gray, argillaceous to very finely crystalline
85 As above, very fine to fine rhomb, green shale
600 Dolomite, tan gray, finec rhomb

10 As above, very finely crystalline, green gray shale

35 As above, very fine to fine rhomb, vuggy

45 Dolomite, tan, fine rhombic sucrose

65 Dolomite, tan gray, very fine to finec rhomb

80 Dolomite, light gray, very fine rhombic sucrose

90 Dolomite, tan gray, very fine, some finely crystalline
705 Dolomite, gray, very fine to finely crystalline, green gray shale
2D Dolomite, tan, very fine rhomb, grecn shale

30 Dolomite, gray, very finely crystalline
40 Shale, green to medium gray

55 Dolomite, medium gray, dense to argillaceous

70 As above, very fine to finely crystallinc

80 As above, green gray shale

90 Dolomite, an gray, very fine to finely crystalline
800 (circ. prob.) Dolomite, medium gray, argillaceous
10 Dolomite, tan, very fine to finely crystalline

15 Dolomite, light gray, dense to granular

30 As above, finely crystalline

55 As above, very fine to finely crystalline



NOUGLAS CO., NW SE SW, 11-16N-12E, Layne-Western #3 Lonergan Laké

860
810
95

ulo

20
55
70
80
1015
30
45
00
80
95
1105
35
55
70

1250
30
85

1310
30

35

40
a0
55
05

-
i

95
1405
10
15
30
35
40
45
50
75
80

1510
30
40
45
55

60
65

Dolomite, tan gray to tan, dark speckling, very finely crystalline

Dolomite, gray, very fine, some finely crystalline, sand embedded

As above, very fine to fine rhomb, sand embedded

As above, some very fine to medium crystalline, sand embedded, 10%
dark mottling, conchoidal chert

As above, fine to medium crystalline, trace white ' ‘ocky chert

Dolomite, light gray, granular to very finely crystallin:

As above, very fine, some finely crystalline

As above, some white dead to blocky chert

As above, very finely crystalline sucrose

Dolomite, light gray to tan gray, dense, some finely crystalline

As above, ~nme fine to medium crystalline

Dolomite, Light medium gray, very fine, some finely crystalline

As above, some fine to medium crystalline

As above, dense, some fine rhomb

As above, fine to medium rhomb

As above, cryptocrystallinc, some fine to medium crystalline

Dolomite, light tan gray, some fine to coarse crystalline

Dolomite, light medium gray, very fine rhomb, 20% white blocky to
dead chert

Dolomite, light tan gray, dark mottling, some fine to medium crystalline

As above, fine, some medium rhomb

Dolomite, tan gray, very finely crystalline

Dolomite, light medium gray, dark speckling, very finely crystalline

Dolomite, medium to dark gray, dense to argillaceous, sand embedded,
gray shale

Dolomite, light medium gray, dark mottling, very fine to finely
crystalline, pyrite

Shale, medium gray to grcen gray, dolomite as above

Dolomite, medium gray, fine to medium crystalline

As above, very fine rhomb

Dolomite, tan, very fine, some finely crystalline

Shale, medium dark gravy to grcen gray

Dolomite, tan, some very finely crystalline

Shale, green to green gray

Dolomite, tan gray, very fine rhomb, shale, as above

Dolomite, calcic, light medium gray, dense to argillaceous

Dolomite, tan, dark mottling, dense

Shale, dark gray to brown, speckled red

Dolomite, tan gray, speckled red, dense

Dolomite, as above, argillaceous, medium gray shalc, trace medium sand

Sands tone, very fine to fine, some medium, pyrite

Chert, gray, dark mottling, in part oolicastic, in part quartzose

Dolomite, tan gray, densc, some finely crystalline

Skip 1500-1510 Circulation Prob.

As above

As above, fine, some medium crystalline, trace medium gray chert

As above, crystalline quartz

As ahove, some embedded sand

Dolomite, light to medium gray, very fine, some finely crystalline,
much embedded sand

Sandstone, dolomitic, very fine to fine, trace medium to sandy dolomite

As above, glauconite



OUGLAS
1575

1010
25 o
50
05

1700

55
2055
70
2130
2200
30
45
55
75
85
2350-55

CO., NW SE SW, 11-10N-12E, Laynec-Western #3 Lonergan Lake

Dolomite, light gray, very finely crystalline, much embedded sand to
dolomitic sandstone
Dolomite, tan gray, green mottling, some fine to medium rhomb
Dolomite, light medium gray, very finely crystalline, glauconite
Dolomite, tan gray, dense, some fine to medium crystalline, glauconite
Dolomite, gray to tan gray, some fine to coarse crystalline, glauconite-
Dolomite, tan gray to tan, cryptocrystalline, some rhomb
Lost circulation - cave
As above, trace fine to medium dolomitic sandstone
No samples 1815 - 1943
Shale, green and maroon mottling, some very fine to fine orange arkosic
sandstone
Lost circulation - cave
Shale, as above, some green gray, weathered, igneous ?
Basic igneous, green gray to black, very finely crystalline
As above ? Cave
Shale, red and mottled, some as above
As above and weathered, igneous
Basic igneous, green gray to black
Shale, clay, light red brown
Basic 1igneous

Shale, as above
T.D. Varicolored shale and weathered basic igneous
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December 6, 1968
Marvin P. Carlson

SEWARD C SE NW 14-10N-4E Superior No. 1 Ihde 1410 KB

(10')

1400 Limestone, medium gray to tan gray, dense to very finely crystalline,
shale, medium gray, some red to green

1420 Limestone, tan gray, dense

1430 Shale, medium gray to dark gray

1440 Limestone, gray to tan gray, very fine to finely crystalline

1450 Limestone, tan, dense

1460 As above, '"oolitic"

1470 As above, gray § red shale

1480 Dolomite, gray to tan gray, fine, some medium rhomb

1500 As above, dense to fine rhomb, pyrite, trace green shale

1510 As above, dense, some fine to medium rthomb, vuggy

1520 Dolomite, tan, very fine rhomb, 5% tan mottling gray blocky chert

1540 Dolomite, tan gray, very fine rhombic sucrose, green shale

1550 Dolomite, gray, very finely crystalline, much embedded sand

1560 Dolomite, medium gray, cryptocrystalline, some rhomb, dolomitic
sandstone, fine to medium

1580 As above, cryptocrystalline

1590 As above, some medium to coarse thomb

1600 Dolomite, medium to dark gray, cryptocrystalline, some fine to medium
rhomb

1610 Dolomite, tan, dense, some fine rhomb

1630 Dolomite, tan gray, cryptocrystalline, some fine to medium rhomb,
5% gray blocky to dead chert

1640 As above, some crystalline quartz

1650 As above, cryptocrystalline, some rhomb, 20% chert as above

1660 As above, 20% tan gray conchoidal chert

1670 Dolomite, medium gray, as above, 10% chert as above

1690 Dolomite, tan gray, cryptocrystalline, some fine to medium rthomb

1700 Dolomite, medium gray, cryptocrystalline, some rhomb

1710 Dolomite, tan, as above

1730 Dolomite, tan gray, very fine to fine rhomb

1740 As above, 10% white dead chert

1750 Shale, medium gray, green gray, red

1760 Dolomite, tan gray, very fine, some fine rhombic sucrose, green gray
shale

1770 Dolomite, light gray, granular to very finely crystalline,
argillaceous

1810 As above, dense

1830 As above, dense to very finely crystalline

1860 Dolomite, gray, very fine rhomb, trace dead white chert

1880 As above, sucrosic, chert as above

1890 Dolomite, tan gray, dense to fine, some medium rhomb, 20% white
blocky to dead chert

Skip 1920-1950

1950 Dolomite, light medium gray, fine to medium, some coarse crystalline

1990 As above, dark mottling, dense, some medium to coarse crystalline

2010 As above, in part vuggy

2020 Dolomite, tan gray, very fine, some fine rhomb, 5% white blocky to
dead chert

2040 As above, dense to very fine rhomb, 10% white blocky chert

2060 As above, very fine trhombic sucrosec

2080 As above, fine, some medium rhomb

2100 As above, dense, some fine to medium thomb



12/6/68 - MPC

SEWARD C SE NW Superior No. 1 Ihde

Dolomite, tan, dense, some rhomb vuggy

As above, dense to fine, some medium rhomb

As above, dense, some very finely crystalline

Shale, medium to dark gray, dolomitic, some red, argillaceous dolomite

Dolomite, medium gray, dark mottling, fine rhomb, pyrite

As above, fine, some medium rhombic sucrose

As above, argillaceous, trace fine sand

Shale, green gray

Dolomite, tan-brown, dense, some very finely crystalline

As above, green shale

Dolomite, gray to tan gray, dark mottling, finely crystalline

Dolomite, tan gray, dense, some fine to medium crystalline, trace
gray conchoidal chert

As above, dark mottling, dense, some very finely crystalline

As above, some fine to medium rhomb, green shale

Sand, fine to medium, subrounded to rounded, frosted

Sand, very fine to fine, some medium to coarse

Dolomite, medium gray, dense, some finely crystalline
Dolomite, gray to tan gray, finely crystalline
As above, fine, some medium rhomb

Cave, dolomite as above

Dolomite, tan, cryptocrystalline, some rhomb, much embedded sand

Dolomite, tan gray to tan, fine to medium, some coarse rhomb, dead
stain ?, no CCl, cut, some embedded sand

As above, cryptoc%ystalline, some rhomb

As above, fine to medium crystalline, much embedded sand to fine to
medium dolomitic sandstone

Sandstone, dolomitic, fine to medium, some coarse

Sand, fine to coarse, rounded to spherical

As above

Sand, fine to medium

Sandstone, very fine to medium

Sandstone, dolomitic, fine to coarse

Sandstone, very fine to fine, some pink

Sand, fine to medium, some coarse to very coarse

Sand, fine to medium, some coarse

Sandstone, as above, dolomitic

Sandstone, pink, fine, some medium, subangular to subrounded, some
opaques, argillaceous (micaceous)

As above, very fine to fine

As above, fine

As above, very fine to fine

As above, some red hematitic '"shale"

As above, trace gneiss 7
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February 13, 1969
Marvin P. Carlson

DOUGLAS NW SE SE 25-16N-9E Great Western No. 1 Smith 1150 KB

(10')
550 Shale, medium gray, trace red
560 Limestone, tan, gray, dense
570 Shale, varied gray § red, limestone as above
580 Shale, mottled, gray to red to vellow
600 Shale, red, hemic
610 Dolomite, tan to gray, very fine rhomb, trace green shale, sand
620 Dolomite, gray & tan, some very finely crystalline, some embedded sand
630 As above, sand embedded, sandy green shale
640 Dolomite, light gray, very finely crystalline sucrose, some fine to
medium embedded sand
650 Dolomite, as above
660 Dolomite, tan, cryptocrystalline, some fine rhomb, green shale
670 Dolomite, tan to brown, cryptocrystalline
680 As above, some very fine rhombic sucrose
690 Dolomite, brown to dark gray, very fine rhombic sucrose, stain 7,
no CC14 cut
700 Dolomite, tan gray, very fine rhomb
720 Dolomite, tan to brown, cryptocrystalline
730 Dolomite, tan, very fine to fine rhomb
770 Dolomite, medium gray, dense, some finely crystalline, green gray
shale
780 Shale, green gray, argillaceous dolomite
790 Dolomite, medium gray, argillaceous, shale as above
500 Dolomite, tan, dark mottling, some rhomb, argillaceous
810 Dolomite, medium gray, some very fine crystalline, green shale
850 As above, dense to cryptocrystalline
860 Dolomite, gray, very fine rhomb
880 Dolomite, medium gray, dense
890 Dolomite, tan, very finely crystalline
910 Dolomite, tan gray, very fine rhomb, trace embedded sand
920 Dolomite, gray, dense, much embedded sand
930 Dolomite, light gray, granular, green gray, dolomitic shale
940 Dolomite, gray, very finely crystalline
950 Dolomite, light gray, granular crystalline
970 Dolomite, tan gray, very finely crystalline, vuggy
980 As above, dense to cryptocrystalline
990 Dolomite, tan gray to dark gray, cryptocrystalline to some rhomb
1010 Dolomite, tan gray, very fine rhomb
1020 Dolomite, light gray, very fincly crystalline, vuggy
1030 As ahove, granular crystalline
1040 Dolomite, gray, very fine rhombhic sucrose
1060 Dolomite, tan gray, fine to medium rhomb, 10% white dead chert
1070 As above, very fine to fine rhomb, 10% white blocky to dead chert
1090 As above, very finely crystalline, 20% blocky to conchoidal chert
1110 As above, very fine rhomb, chert as above
1120 As above, fine, some medium crystalline
1140 Dolomite, gray, dark mottling, fine to medium rhomb
1170 Dolomite, tan gray, dark mottling, some fine to coarse crystalline
1200 Dolomite, gray, fine to medium, some coarse rhomb
1220 Dolomite, tan gray, dark mottling, some fine to coarse crystalline
1240 Dolomite, tan gray, very fine rhomb, 20% medium gray speckled chert

1260 As above, 10% chert as above



February 13, 1969
Marvin P. Carlson

DOUGLAS NW SE SE 25-16N-9E Great Western No. 1 Smith 1150 KB

1294 ,
1300

1310
1320
1340
1350
1370
1380
1350

1410
1430
1440
1450
1460

1470
(5")
1490
1495
1500
1505
1510
1515
1525
1540

1555
1560
1565
15715
1585
1590
1595
1600
1605
1620
1635
1665
1675
1680
1690
1695
1700
1705
1715
1720
1725

1730
1735
1745

Dolomite, tan, dark mottling, some fine to medium crystalline

Dolomite, tan gray, dark mottling, some fine to coarse crystalline
crinoids

Dolomite, gray, fine to coarse crystalline, crinoids

Dolomite, tan, fine to medium crystalline

Dolomite, tan gray, fine rhombic sucrose, some embedded sand

Dolomite, tan, very finely crystalline

As above, trace gray dead chert

As above, very fine embedded sand

Dolomite, gray, black mottling, some fine to medium crystalline,
medium gray shale

Dolomite, tan, fine rhomb

As above, green gray shale, trace sand

Dolomite, tan gray to brown, dark mottling, finely crystalline

Dolomite, brown to black, cryptocrystalline, green gray to red shale

Cave, dolomite, tan to brown, some very finely crystalline, green

gray shale
Dolomite, tan gray, dark mottling, finely crystalline

As above, embedded sand
Shale, red brown § green
Sand, fine to medium, some coarse, shale as above
? Shale, green gray
Sand, fine to medium
Sandstone, dolomitic, fine to medium
Sand, fine to coarse
Sand, fire to medium, much pyrite,in part oolite
Skip 1545-55
Dolomite, tan gray to dark gray, dense
Dolomite, tan gray, cryptocrystalline, some finely crystalline
As above, trace embedded sand
Dolomite, tan gray to dark gray, dense, some sand as above
Dolomite, tan, some very finely crystalline
Dolomite, gray, dense, much embedded sand
Dolomite, medium gray, dense, crystalline quartz
Dolomite, tan gray, some very finely crystalline
As above, some finely crystalline
As above, finely crystalline, crystalline quartz
As above, some fine to medium crystalline
As above, some fine rhomb
As above, fine to medium rhomb
As above, some coarse rthomb, trace embedded sand
Sand, fine to medium, subangular to rounded
Sandstone, fine, some medium, dolomitic, glauconite
Sandstone, fine to medium, as above
Dolomite, gray, very fine to fine rhomb, glauconite
As above, very fine rhomb, much embedded sand
Sandstone, fine, dolomitic, to sandy dolomite
Sandstone, very fine to fine dolomitic, some coarse sand, to sandy
dolomite
Dolomite, tan gray, very finely crystalline, sand embedded
As above, very fine rhomb, glauconite
Dolomite, light gray, very fine, some fine rhomb, glauconite



February 13, 1969
Marvin P. Carlson

DOUGLAS NW SE SE 25-16N-9E Great Western No. 1 Smith 1150 KB

1750, Dolomite, tan gray, some fine to medium crystalline, trace glauconite

1765 As above, fine to coarse crystalline, glauconite

1780 As above, fine to medium rhomb, glauconite

1790 Dolomite, tan, dark mottling, fine to coarse rhomb, trace sand
embedded

1810 As above, fine to medium rhomb, fine to medium embedded sand

1830 Dolomite, tan gray, fine to coarse rhomb

1840 Dolomite, gray, very finely crystalline, silty

1845 Dolomite, tan gray, fine to coarse crystalline, glauconite

1850 As above, finely crystalline, glauconite, embedded sand

1855 As above, much embedded sand to dolomitic sandstone

1870 Sand, fine to medium, some coarse, rounded, pyrite

1875 Sandstone, dolomitic, fine to medium to sandy dolomite

1885 Sand, fine to medium, rounded

1390 As above, oolitic pyrite

1910 Sandstone, very fine to fine, argillaceous, pyrite

1820 Sand, fine to medium, rounded, red shale

1930 Sandstone, very fine to fine, argillaceous, red to maroon shale

1945 Sand, fine to very coarse, subrounded to rounded, some yellow § pink

1955 "Shale'" red to maroon, some sand as above

1970 As above, red, silty § medium gray

2145 Shale, green, maroon, purple

2160 Shale, red, silty, medium gray shale

2185 Siltstone to very fine sandstone, gray arkosic, mica, some as above,
crystalline gypsum

2205 As above, red hemic

2240 Shale, green gray to maroon

2265-2345 T.D. - Siltstone, red hemic
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Dolomite, llynL to 1li nht medium (voy, demse, scuwe very firely cerysislline, very Zine
to embedded

45 above, very Zinely eryrtalline, sone scndstene, gracn sandy chale

Dolorite, rdium rray, dense to vory finely crystelline sucroc

Dolorite, tune riy oo tun, crypteeryeinlline, Lrace hionb

Dolomite, =hitc, cublitiic "o very zinely cryctuiline, dine sand e Lbeddec
JOlomlu;, 11 ht £o 1i -ut nodiun rav, eryitoecrystalline to fine chomb, some nediun

tolomite, 1i

5 cbovay de

as above, cryctclline guurtsz

Dolomite, iir radiur ~rav, ery; tocrveoialline to iine rhorb

48 abeve, in part fine rhonbic sucrose, wiite dead to blochy chert

is above, eryptocrystullinc, finc teo uclium rhombd, nuel vhite blochy to conchioldal
chert '

ae obove, rtome ccottered pyrite, crycstalline quortz

ise 2bove, Jensce te fine riori, in port suevosc, vhite dead to bloeky chert

Lolomite, iTay Lo tan= ray, GeRne, soro vVeLy "inw to line rhomb

1§

c

a1
(S |

Ty MOy oing Lo Hdat yionhic suciroce
o rhcubie suevo. o, Ly oz wvinite concuwoidel chert

Dolomite, cryrteerystolline, come rhomb, troce pala rreen shale

ns above,
s ubovn

o wery iiie rhonh, ervstaliine cusrtsz
3
.85 wbove, Ig]
Lolamite, ariip oo Lai=rvay, deage o sy, dns,

more chert
“olowi*c, araat, Bone vallaw, o8 obevey liconditn reilets

1 1. SEiags
Wiliowinr ehent

Jolomite), cv}'cullinc, gome suplithie, trace red sha
uolch,w", Notis, Srlte grecklod, cceium (ray fo
LERT-r

Ll oae cbove
Civeculation, e .bow:, 13 il LEde candiioidal ainrt
velomite, li-ig b i o, DTS, 8 o calling, coue siiles
As above, traee rilica
Dolomiie, Li bk %3 13 Wt W 3R 2y, BERER elvohoe ellive, trece Zuonio
Az Lov:r, wmorn Linn e s Logsnite &
Dplowiss, Liyhe ey, e o Sdaas CECE SEmddan Toems, fucrose
dolemite, 11 vy, Spmne o ods ide Do fhae waonuy trace e 5 Shekt
Delopduwm, 140k o 12 L el 3o, ¢8000 06 ¥y LEN0 ThODD, W oo )

ik A AR i ; Tend Toenbis fuerTerr, toye desd €

LU B deaen Beowery Jlmely eyyelolliney Ji0at &

o5 SR e

o EENE LT C e

a 3 ~ i . ] - AT Vol (RGN
U ldn 5 BeE o it B GELGR: Y
o) - 5 3 ~ o
S IR Bl Ny, T ine TaorD, oSy gaalt, oone rray




Fage 2

TCE  Stanolind lio, 11 Schuuts

1355 ~ Uolordte, lisht sedium prey, very wJimely crystzllive rhomb, neodilum giey spacikled chext
1375, = Delondte, 1i:he sadius ¥ goy, very ooy acys tulline rhooh, “roce caert

1270 = Dolomite, iray, davk iohtling, densc to medium rhomb
iYL0 = Dolomite, tun=r-roy, donse vo fing, rome nedium cucrove

. 15 = Dolomite, tam= 1.y, dense, reme Sine rhorb (nuck very Line to iine sand)

1435 = 4s cbove, more rhombic sucroce

1445 = Dolomite, iisht medium groy, block mottled & specliled, dense to iine, some medium
rhonb, trace ! chale

1460 = Limestone, li-ht to gublitiie

1465 = Limestone, in [yt cdolorit dorl: mottlzu, dense, redium gray shale

)
1475 = Lolomite, tan, dense o rystailine
1450 = Limectone, tane-roy o ton, dente, in port dolomitic
1515 = Limestono, [ raye=i to lithic, raodium (ray shale
suban uwlar o rounand, some srecne=cray shule
EZ

1525 = Mostly very line
150 = Dolomite, mediunm
1550 = 7 as cbove
1565 = Dolomite & limectono, s¢
1370 = Candrtone, aelemitic,

1775 = Land, as -bov:,
100 e Sty 48 obows, 7 :
1034 = 1/2 hr., circul .tion, as :bov

shale

)
~n

s




R e —————— v o

@gmr’v 5 7= Lac Zh 78 fruml —SF-er- i
FAHM: # e NOPERATOR:
STBAT T ) T T kot I et ol e i o
PERMIT NO: FIELD: WILDCAT: SPUD: COMP:
DATE; I~z -4
oaay Joi [cas  Tks/"5% [oF oL 10 /&37 Ipa75
PROD. ZONE: P jPlPE:
| | j | _DATA ON FILE
PwR_ PaRN [s\] sty oty Jord Jes [ e T T" oraes
FORMATION TOPS
SAMPLE STUDY:  [ELECTRIC LOG: |OPERATORS REPORT: Iscout: Joate:
DEPTH [DATUM [THICK. DEPTH |DATUM |THICK.
CRETACEOQUS ' Skull Creek
i Pierre Fall River
Niobrara Fuson
F1. Hays Lakota
Carhile JURASSIC
Beile Fouche Morrison
Gurley "D" Sunduance
Hunlsman TRIASSIC
Cruise "J" -
ovar .\;"
= e e O o Dor ) T—-‘—WD?';“TEEE'U:; THTTT
PoseTH | pAaTuE [ THCK. 8 fE 70
—_— HESISSIOPIAN
L FERIAN s — 1 SroLous J——
_Blawe = *’““"'L—,,{.}Eﬁau ) COEE
Stene Cor:al G S e B } Crottgrooga | T om - ey
S IS FO I [ 77 N N NS
Chase i o S SN FT ST [ s
Council Grove : T --O—I-?'D_“O;ETAN‘ - _'7_____1 ,___—:—1—
t Admire ; e N Maquoketa (Sylvan) PAS e 21
| [ PENNSYLVAN!AN Loty s Ui I joe | gis
i . WabounseE ... - T Decorah (Simgson) cG7 -
i | __Shgwnee —**'ié'?:_ R ._1," : T S Reter (Wilcan) ==
| Dougles Paerir e o] | oneain(Acbuaey L | ==
L Lonsing e S l o -M—\';\-r\.:.ér:e1nﬁ ________ i
M‘JL_“ .w—‘——ﬁlrf—" S SR -j;::!erre !
Marmoton | o g ST et I Lo Mene iReagan) ’
! Cherokee .-ZL:--——L } S T ! r [ r A
- [ora eas )

seg o = o bmeos s iy
e

——y—- &
e WA e - )



- e Kt EREE -
COUNTY S U plg "7 2 Trer fs"u“__// B & e - = -5 =L
FARM: : s [oPERATOR: )

Lorxoa e g AL A (T s s e

PERMIT NO: FIELD: WILDCAT: SPUD:

DATE;

il Wt S

Comp:

/=3

|

paa { |oiL [cas ks loe/573 leL /=77 |

T02s<l leato

PROD. ZONE: P PIPE:

z g3l

DATA OM FILE

ot Jes i T

[r

lotHER

|
PWR_|PAR s v Is. y Iou
" FORMATION TOPS

[oreraToRS REPORT:  [ScoUT.

1
SAMPLE STUDY | [ELECTRIC LOG:

,DATE;

DEPTH [DATUM [THICK. DEPTH [DATUM | THICK.

CRETACEQUS Skull Creek

Fierre Fall River

Niobrgrg Fuson

Ft. Hays i _Lokoto .

Carlile I JURASSIC

Belle Fouche i |__Morrison _i

Gurley “D" oo S Sundance ) o ___47___

Hunteman TRIAGSIC _ |

Cruise "J" T -] j

|

ovar

—

! PoRAIAN
f—— e e g
| _Glame f

Stone Gorroi Gilraore City

Wellingtor B N Chatterooco
Chase [ T otvonian =
Admire o - orpovician 1T
PENNSYLVANIAN I __l_ i Mu.m‘:.w:\:.tc;'(‘-s;lwn) Hj— LT [
Wchaunsse | B jr__ ____? —-Egr"énr:,'}'?,}'.{chJ - | /, . ; " =
Shawnee N R Jo T cecorn (Simpaen) AL
Douglos [ | St Feler (Wilcox) Jr 15
Lansing | i/ } BEN) ._0neota (A buckre). /7552 Iy
[_xonsos Gy + 7 I N =YY TP S I T
Marmaton _75&__{3'417___1_7__ _ . _Bonneterre __Amﬁ 227 | o §
Cherokee ] Lo | ' Lo Molte (Reagan) b 'Z_J_ adl / <]
i f PRECLIUBRIAN rwd I
OLB GASSHOWS | _  DRILL STEM TEs15 I CORE DATA
RS s N T
s R .
e :
T— - -l | S i g
\LE T e [ W T, T [ o
L A SAT S - a e e —— - b rm s e e —— )




4!‘, b‘z
I".JrS\'\r
—O—

St. Peter sandstone, 1875'-1925' (50t):
1. Sandstone, medium to coarse-grained, subangular to rounded and frosted,
ol friable, some green shale cave, 1875'-1888!
2. Sandstone, as above, with mich green shale, probably cave, 1888'-1900*
3. OSandstone, medium greined, subangular, in part rounded and frosted,
frieble, 1900'-1925"
(IV) Preirie du Chien group, 249':
1. Willow River, 1925'-2040' (115'):
(1) Dolomite, light gray to white, finely to moderately crysitalline, bpoken
by the bit in tiny fragments, common sand, probebly cave, 1925511945'
(2) Dolonite, as above, with abundant sand, mey be the Hew Richiond sand-
stone, 1945'-1960"
(3) Dolomite, as above, with common sand, 1980'=1085"
(4) Dolomite, lizht gray to white, crystalline, frinbls, 1985'-2040"
2. MNew Richrond candstone, medium-grained subanpular, dolomitic, 2040'-2052!
3. Oneotn formnition, 2052'-2172' (122%):
(1) Dolonite, light gray, crystalline, with some sand, 2052'-2065'
(2) Dolomite, light gray, crystalline, glaucometic, sandy, 2065'=2135"
(3) Dolonite, light gray, crystalline and sand, 2135'-2172"
VIII Cambrien System, 171':

(I) Jordax sandstone, mediun Lo coarse grained, friable, 2172'-2137!

IX Cambrian or Pre~Cambrian, 17':
(I) sandstone, medium-grained, angalar, reddish, with reddish silty clay

cementing material and some glaucomite, 2187'-2204' (Total devth)

- . e R - saanidss L e "y e . ”
B
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- opaque, secondary silica.

Fi.m, pyrit.‘-o. anguhr mnd. u a'bova: lom m mmﬂnr,r
; somo ol miduo._;‘l e SR LN 5

Gansida:rablo llnd, as M nw.],m M ot b ", I
" from white, opague, dense, sharp, partly dolosastis, 'I:h.rvough' 3 &

' ‘brownish, finely amta].‘line aparkling, to0. orystal olear T
‘quartz; some finely dolooutio pyri.tor elongato suiou‘hd oqliten Ko s T
ormu Jom.é . ,' .-,:-: i ._ s ‘. Xt --,_1 :-. ‘,"f:- i i . .-'_:a-, b_'. . : .“1{:

!hoh as -bovo wtth m rope-nh masges md du- moutrio, ad T
ﬂattened oolitu (smiu- to E.mimma ool:l.tqt).n % e ' e

F.lood of sm‘.u ptecu of" white. opeque, mo‘.ly grmm].ar. aeoondary g
silioa with mome silioecus. oontes, sone pyrtte. a: li.tth angxla.r :

quarts; traoo of 011 ruidua B o Iy % i 4 )
Flood of rinn to mdtnn-g-ained. ml‘.l.-urted. qnax-ts u.m!, angahr' £
to subangular, rmly rnu:ndad and ﬁ-osted. some of yaln- m FA &
oryatah. TR o ; ; ! s

Poorly sqrtcd quarl:: n.nd. fine to coarse, typioally angulu‘j :airly |
common glmmonitﬂ soms oil realdue. £ ok o

- Send, u ahm. uf!.th li.ttle or ne glmonito. e e
...and as abm. wi.th a little gla:wtmito and a traee of whibo

Sand, as above; some pyrite and o!.l residue; a little gl.manlto. !
Sand, as above; some pyrites a trase of glmonlte..: T -
Sand, as above, with a little more coarse sand, uaua.'.l.].y romdod nnd

frosted; fagrly common pyrite; a little glauconite; rare oil. :
residus. A
Flood of quarts sand, medium to coarse-grained; the coarser grains -
are subangular to rounded and penerally frosted. ‘ T

Sand, fine to coarse, generally ungular, many . pink-d:ainaﬁ g-a:lns: %
ocormon oil residue; in part feldspathies. -~ ... - . ST R e HEAE L
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B L 1D No..” .
NE. NW. 8RO 1 /l0 sn. T =

Compa.n‘y 7 L.?? % ............

Elev.. /2 & ‘/ Location.... /Y |

17-5854 10-39—20M
. Formation Depth Datum Formation Depth Datum
Count_v___mey_,,,,,,,, T WeINREEON o] wose cssmmminfsssasssssmonsss| | ROPEAWREE.. . il
T.Donegal. ... .. U I Base Ft. Scott.. .|
LP..... . AYA )] TWinfleld. . ... [ || “Squirrel P sd. . L
B.Vlorence. . .... S o vieeeeeee|| Ardmorelds... .. .|
T.D.. e?.?é é’ || BWreford. [T 7| “Burbank”sa. |
/ .2 'z 7 B.Foraker. ..... [T S “Bartlesville”.. | ...
Comm.... g . T.Brolv:;m'ille.. el e Eurgless ........
_ _ T Iarkiow e S TR asal Penn.....
Compf’zj'z? T.Burlingame. . .| ... ... | .. Top. Miss. .....
Howard........| .. ... Kinderhook. . ...
PB. o || T.Topeka...... S Misener. .......
T.Deer Creek...| ... . Hunton........ AL LY
S %‘v];'. Maqo..... 2 oo e
oh Lecompton...!| . o S 10lBe wanin By -
Bhows BOread. .......[ .. ... oo || Simpson.... . ... 1.3
Water 0il Gas || T-Haskell. ... .. e | eemereeenne|| Arbuckle. ... ... 2366
TRtantem A .| J/REO| £y |
T. Plattsburg. .. s P—— ‘j*& - I
] 0 1 - 5
“Tavton"sd . L
B Hertha. .  .... /5—?[.5" 7 /f
Knobtownsd. . | . Basalsd........
“Basgal Mo, "gd .| conomnie Pre-Camb ... ..
T.Des Moines . .| ... T
VTS - : e
NFal
KANSA -
STATE - 3 VnlodE o ke NO. s-T-p___25-9S-1E WF
OPER LOUD EXPLO '
RATIONS INC - SPOT N/2 NW NE INIT
231 W 20TH, CONCORDIA, KS ] S -
weee 1 STEFFEN 52 —— -
cont____ DUNBAR DRLG ELEV L.
w
FIELD ILDCAT 16 MI W ABND WA KEFIELD{MISS KB SPL TOPS
= D&A
HOWARD 1460 - 84
API 15-027=20012 i ;
SPUD 11-4-78, 8 5/8 @ 206 . TS AR
RTD 2496 HEEBNER 1750 - 374
: DOUGLAS 1780 - 404
D&A, COMPLETED 11-9-78
IATAN 1853 - 477
LANSING 1869 - 493
B/KANSAS CITY 2118 = 742
MARMATON 2131 - 755
CHEROKEE 2210 - 834
RURGESS 2398 - 1022
MISS 2407 - 1031
MISS DOLO 2434 - 1058
TD IN MISS RTD - 2496 = 1120
@ f’l'li'nh-um__ Information

COMP ISSUED 11-28-78

¢ Copyrighted 1978 Reproduchon B bt



T YT T T “W*{"W TR T

U EN T,

% 3 2l g0 SHERMAN © T SW SW NE ' |

bt R o .i‘"_...‘s‘%" s ‘_' . G810 FOL Z;’i’/& FEC]

L cm, GRAHAM—HICHAELIS WASH INGTON Coum,fﬂi

e D)) ;,ﬁﬁzjf A

;_;:,_‘.Pp"é- E- 1339 omm e-lo-59 Comp 9-4-59 IP D& A 2 o
[ SR 7 Dept.h "] Datum | Casmg iCORRECTED CARD 1
TOP- --/&‘Z '11}253 voosl2R] 8, 285 ll—l3-59

" 1512

TBR M
TLLANS €7V aaa. =199 }(N"‘/ 20?0
} “B)KC‘—--"; Ty ’*'E""‘IF-I?B" T Y ~489
MARM ©®en b T Jogs g 513
CLHUNT + 225 233aW * " —945
| HAQ *-i“'?l**z?zo-/; -1331 | :
R RS SN Y-% ) ) A k2 1 I '
| SIMP ” 2956447 - |567 gk&ﬁiz/‘ !
| GR WSH - I~ 3140 o =1751 T T
D 3%é6 () 3264 _la75 +“‘+1“ ADDED INFORMATION ,
D mnl:pminllﬁ' on & GAS SERVICE { ! ' i i
AN . WICHITA, KANBAS "+ '+‘ s :
L.,m bz o - D

T
11°174 wap. no._ REP14! WILDCAT T T ]5-1-R __B-55-7E i
PER __ MCCULIOCH OIL, VENUS OILGALEX MCCOY J+ SPOT St NE NE
1200 NBC BIDG, SAN ANT ONIO, TEXAS —— —— co_ FARSHATT, K5 "
WEL) -6 R LARD F-d-- 1= 4= fELEY 1380 GR N
CONTR _BEN DR IG i) '
¥C 30 MI NE GRIFFITH (MISS) GR 10G TOPS
IP DGA HOWARD 840 4 494
APT 15-117-20012 TOPEKA 920 4 160
OREAD 1066 + 311
SPUD 8-26-70; 7''@30 not cemented;Gecl-Dean Seeber;  HEEBNER 1167 + 273
No Cores or Dsts; DOUGIAS SHALE 1136 + 244
RTD 2360; Log; DA COMPLETED 11-11-70. BROWN LIME 1149 + 231
REPLIACES COMP ISSUED 11-19-70, LANSING 1172 + 208
REPLACED TO ADD ADDITIONAL DATA, B/PENN HUNTON 15683 - 203
MAQUOKETA 1916 - 536
PR s S Sy VIOIA 1975 - 598
S A B al o ’ DECORAH 2130 - 750
SIMPSON S1AIE 2184 - B0OS
SIMPSON SAND 2245 - BRS
GRANITE WASH 2295 - 9185
LTD 2359 - 979
RTD 2360 - 980

TD IN GRANITE WASH FCR M

REPL COMP ISSUED 2-17-72

+Petroloum Information Corporation.
et 5 4 ¢ S G



21-8-6E

VEEDER SUPPLY #1 GRAVENSTINE C NW NW
N N f\;v‘_‘
Cow RILEY County
jafib ta
E 1255 Comm 12-10-45 Comp. I-6-46 1P D & A
Tops Depth Datum | Casing 8" 102 A e
HEEB 1260 ¥ _
. - 133 ADDITIONAL TOPS
B/KC 336 I664
SIMP SH 2645
MARM 1673
SIMP SND 266 |
LONG 1754 NO ARB
e B
KIND 1776 GRAN WSH 2676
MISN SND l964 L 2702 e
HUNT 1970 ’ o) “"
SYL SH 2420 il X ;
MAQ DOL 2506 L_+,_ 4 .
XLN IxILQPENDENT 05.55255;\3 SERVICE l {
WICHITA, KANSAS - + —— —'l—
i 1

TS ~e".iF'.i"£'.'
4285%°

Sagitrby o ;
IL & GAS BERVICE

7. { :

TR ¢




,/JI

_REPL#1

WILDCAT
PER __MCCULLOCH OIL, VENUS OILGAIEX MCCOY

~T1200 NBC BIDG, AN ANTONIO, TEXAS

e

#1 Henley

]

1
4

)

]
-+

!

BG6N DR LG

1

33 MI NW SOLDIER POOL (HU-VI)

DEA

APl 15-117-20017

SPUD 10-14-70; 7" @32 not cemented ;Geol-Dean Seeber

No Cores or DSTS;
RTD 1680; Log; D6A COMPLETED 11-1{-70.

1A C

SSUED 1i-19-7

REPLACES COMP SSUED 1i-19-70,
REPLACED TO ADD ADDITIONAL DATA,

D.I67¢e

refr B2y

T 15-T-R 34-4S-8E mll't;F
{* st C NE NW
~=%g : WF
GR LOG TopPS I
HOWARD 674 + 572
TOPEKA 717 +529
OREAD 865 + 381
HEEBNER 903 + 343
DOUG LAS SHA LE 931 + 315
BROWN LIME 950 + 296
LANSING 976 + 270
B/ENN MAQUOKETA
1250 - 4
VIOLA 1305 - 59
DECCRAH 1450 - 204
SIMPSON SHAILE 1504 - 258
SIMPSON SAND 1573 - 327
ARKOSIC SAND 1629 - 383
RTD 1680 -434
LTD 1682 - 436

TD IN ARKOSIC SAND FORM

REPL COMP ISSUED 2-17-72

@

* hamee o

«Peiroloum iaformation Corporation.

80 St Lo

orer Continental Q0il Co. ___ . SEC. . 5-45-8E
WELL 1 W.E. Neal cL‘\l4-+3 KB . SW_SE NE S
(KB Spl) (KB Log) ;
How 870 How 870 + 573 '
Top 904 Top 904 v/,/¢ 539 |
Hb 1093 Hb 1092 + 351

Lans 1153 Lans 1153v 7+ 290 |
BKc 1397 BKc 1396 47
B/Penn 1429 Cong 1426'///1 17 I
Decorah 1448 Decorah ¥,, /f* 1447 - 4 I
Simp sh 1502 Simp sh 1500 57 L
Simp sd 1570 Simp sd 1569 - 126

Grt W 1623 Grt W 1624v" - 181

RTD 1715 = 272

DST #1 (Simp) 1568-77 Op 45" R
1118" Fresh wtr w/tr salt wtr, IBHP 505#/45", IFP 904#, FFP

I
l
I
|
!
l
|
l
|
I
|
l

5054,

COMPLETED (2-1

FBHP 505#/60" RTD 1715, Ran Log, D&A

-63)



3l-4-8E

/‘}f ) T
%{/ e fe- o2
R /
qumm Né)

DesCribe i et

[ €LECCres

_suadvErFARMOUR, INC #1 SEDLACEK E <F RE
7 ]
Contr_JSHAWVER<ARMOUR : MARSHALL ity
_’,,,4) 12 ;xy@') A= /Jf‘ 5772 5 2
E_ 2909 comm !2-10 59 Comp | 2=-25-59 1P
Tops Depth , Datum Casing
T0P /2 g4l ¥ +449 8" |55
2 G |HEEB (N’ lol8vedz +272
- JPNES =7 anl o
Ao0Y TR s07 1036 @777 +254
B o I LANS 0P Jpksd) 088V g9 +202
e, | BARE -:-4:336 ..mJ -406
< [HUNT sgfo7 | 1406 -116 .
o |[MAQ | 1548 /;s@—:s;a
g \VI0 e | 1610vH3l-320
4 -dsiupe /] 1762 S AETR
T |SIMP SH ,F/7- igle. 4722 -528 2l At 2
JISIMP SND (4 gs2 /a.fv’—w =4 T
~ . GR;‘B ASH . 1920 [/1??)-() SO 1 ’*I"‘ -4
okt | il
TD voerenpent ot 20EN% s:—:avuc% 1 L L Aad
WICHITA; KANSAS < S T T o /1.‘/.,",7 N
1 | . i, /“.,-’ % .
0 R Pk 0 T o
i
’«‘l.’ 11-170  Map. No. REPL #1 WILDCAT T T $-T-R 26 -4S5-8E e
- PER __MCCULLOCH OIL, VENUS OILEMCCOY -1:--‘-—‘.-" SPOT SW_§E S‘E T
1200 NBC BLDG, SAN ANTONIO, TERAS —— — 10 MARS
weLL 1 Fincham S . ELEV 10 60 WF
conTR _BGN DRILG ' I FIN
e 34 M NW SOIDIER [HU-VT) GR 1OG TCpS
ip DEA HOWARD 752 4 528
APT I5-117-20007 TOPEKA 788 + 492
LA OREAD 739 + 341
SPUD 8-18-70; 7" @32 not cemented;Geol-Dean Seeber HFERNER 977 4 303
No Cores, or DSTS DOUGIAS SHAIE 1006 + 274
RTD 2500; Log; D6A COMPIETED 11-11-70. BROWN LIME 1018 + 262
REPLACES COMP ISSUED 11-19-70. IANSING 1047 + 233
REPIACED TO ADD ALL ADDITIONAL DATA, BAENN HUNTON 1336 - 56
o MAQUOKETA 1403 - 123
TD25ve /2579 VIOIA 1460 - 180
‘ DECORAH 1617 - 337
SIMPSON SHAIE 1671 - 393
SIMPSON SAND 1742 - 462
AR KOSIC SAND 1791 - 511
RTD 2500 -1220
LTD 25G3 -1223
TD IN ARKOQSIC SAND FORM
REP L COMP [SSURL ~-17-72
@ Petroleum In'nrnlllon Corporation,
ELECTRIC Loty

SRS E



P,
STATE KANSAS O % ) MAPNO._______S-T-R 14-58=12E __I WF
open_ CITIES SERVICE o spor. SW SESE 7
700 SUTTON PLACE, WICHITA, hS 67202 5 NEMAHA __|wrp
e s 1 BECK "A" I I . eLev 1278 b, 1274 GR | e /
contm_ MENDENHALL DRLG B AN
peLo_ WG = 19 M1 SW STRAHM (HUNT=-VI)
» [PP 65 ROPD + 11 BWPD (VIy 2402-72 KB LOG TOPS:
AP] 15-131-20010 [R11-30-72 LANSING 982 + 296
SPUD 12-26-77, 8 5/8" & 257 w/180 KANSAS CITY 1023 + 255
DST 1 (CHER) 1510-71, op20, sid45, op30, si60, Rec 240" PLEASANT 1245 + 33 ‘ o
Mud + 240" SW, ISIP 433, FP 20-134/134-227, FSIP MARMATON 1280 - 2 1 i
483 CHEROKEE 1409 - 131
DST 2 (HUNT) 1831-85, op45, si60, op30, sit0, Rec 70" MISS 1604 - 326
Mud, ISIP 516, FP 10-21/21-21, FSIP 516 KINDERHOOK 1654 - 376
DST 3 (V1) 2456-69, op30, si60, op30, sit0, Rec 5' 0il, HUNTON 1832 - 554
55! SOCM, ISIP $20, FP 10-20/20-31, FSIP 520 MAQUOKETA 2400 - 1122
DST 4 (V1) 2469-79, op30, 5160, op30, sitd, Mo Rev, VICLA 2448 - 1170
SIMPSON 2567 - 1259

ISIP 42, FP 10-10/10-10, T'SIP 31
DST 5 (SP) 2636-54, op30, si45, op30, si60, No Ree, All PRE-CAMBRIAN 2708 - 1430

e Potroleom Inl smanone

Press 6
(CON'T)
I "
KAN 5 e
—— ANSAS__ 3-4-52 — sy FESEE TR | wr
osen CITIES SERVICE CO AV
b 2 = 3 sPoT NW NW SE INIT
SUTTON PLACE, WICHITA, KS 67202 : } 1.4 NEMAHA WF : ;
1 ST 7 AN T il ] AT B I S
it EELE GRIFFEE "A | i ecev 1310 KB, 1303 GR | o i
contm___BEN DRLG Lk
neo__ WC = 13/4 MI SE UNNAMED (V1) —
DEA
" APl 15-131-20014 R
. -131. 2001 FR 4-10-78 LANSING '
- : 12056 - 5
SPUD 4-25-78, 8 5/8" G 338 w/250 B/KANSAS CITY 14°; ig;
CORE #1 (HUNT)2500-50, Rec 50' Descrip NA MISS 2281 ] 971
- § s o - e
DST 1 (HUNT) 2539-52, opi5, si30, opl5, si30, Rec KINDERI{OOK 2338 - 1028
,540 SWCM, ISIP 821, FP 31-177/161-260, FSIP 790  HUNTON 2537 - 1227
\,?RE #2 (VI) 3165=95, Rec 30" Duescrip NA MAQUOKETA ;110 ;5:00
DST 2 (V1) 3170-95, op15, si30, opl3, si30, Rec 2400'  VIOLA 3166 - 1556
SW, ISIP 1144, FP 275-995/995-1107, FSIP 1159 SIMPSON 3296 - 1988
BHT 115 ' » 13- ' : '
SIMPSON s$D 3413 - 2103 e T ke '
RTD 3523, logs: XL, FOC, BHC, Soni rewde 5% latobite
AT d E"f‘;:D[Sm_‘SL’?SL‘\L’ FCC, BHC, Sonic PRE-CAMBRIAN 3473 - 2163 — -}gum'%e 3% biestite
MPL -8- LTD 3522 - 2212 " DY, &ugv\'l—
RTD 4583~ 221
TD IN PRE-CAMBRIAN ; 3
! @ Putroluummlnfurm.umn' ‘ls‘?o \&-Qc\h?

COMP ISSUED 5-22-7%

® Copyrighted 1578 Reproduction Hie nbled



B 7
i tad 3)e5.-7E 1
Q1L COMPANY ___Hfl *\QA LHG\“L &F -5 Su £ i

GHI0 GIL CUMPALY

HAREH ALL

TN i
e reco_ MC - e i
I i e g
cw3/8/51 54080273451 o DAA/PRECCAMBRIAN L4l 4o
“1{'?4/51 g ;
- ot i o =
Toes | paetH | patum |10 3747 ’53 . i |
| : %
3 TN 4 y ‘ : ¥
sl S e R BT 1654-70/1' zslu 37
£ -1oge __ggz_ocréc 2056-2160, 140", BOC'M . - C
' 3 9 A - T g 7193-2230/35" 450" Mh anp 7034
= HE-F_E_.,.___M 200 1+ 207]05T(4) 2380-2446/30", 5y enp 954 1
3 AfS 12352 [ » 175 e _ s
. [ MARM 2551 | - 144 L ¥
5 [HUNT 1555 _‘_4;§;m _ - i
5,"" MAQ 229 ) o 722 |[EURRECTED CARDg <~ A/14/73 § :
i | ¥ 3 A ~2159 |-m 793 Ik
SO Gy, L GER
Y1 T T SN K] i *
Fi WPRE TAM | 5436 | =1)n6 ] B )
AR 250% [T=i119{*SCHIST ma schagd L
# - A b.’.l B ek e SR
4 INDEPENOENT OIL 8 GAS SFRVICE el ;H__;_ Ao o ;u\_\ g
1T, WICHITA, RANSAS W O wk\) ) : B

;En'

CUR, INC,

C!“l’

e FltkD

8”

CORRECTED CAR o

"35/150

TESTS

—

sNDﬁﬂFND!N? [~ 1R 1} GAS .‘-l’.
WICKITA, RARSAS

i+ et M —

-

co«?F‘TLD LOG 109519

CLASTICS

R R
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s ot =3 e e
i
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1 .

‘ Repl #1 WF
11-179 Map. No. WILDCAT ; ™1 §-T-H 31_ h‘;-BF. INIT
PER MCCUILOCH OIL_, VEXUS QIL carEx accay [ seor SE SE NE .

SAN ANTORIO, TEXAS —— = C0 P LLAWATOMIL LY WE
WELL #1 FAGERBERG - 41 ELEV 1432 GR e
CONTR : STERLING DRII.LH}L.,' . A CR LOG TOPS A
wC APP 26 ML NE GRII LTI AMISS) e -
IP DGA HOWARD an7 + 525
APL £ 15-149-20010 o TOPFEA us7 1475
SPUD 9-3-70, 7" @50 /nat cemented, Geol- Dean Seeber OREAD 1127 + 395
No Cores, No Dsts HIEEBNER 1165 + 267
RTD 2150, log, DGA COMPLETED 11-11-70 DOUGTAS SHALE
REPLACE COMP ISSUED 11-19-70 1191 + 241
REPIACE TO ADD ADDITIONAL DATA BROWN LIME 1226 + 200
' 8/ LANSING 1247 + 185
-D. 21 5v Y9/ 70
T 4 B/PENN HUNTON
1593 = 161
MAQUOKFTA 1766 - 334
VICLA 1852 - 420
DECORAH 1933 - 521
SIMPSON SHIALE 2004 = 572
SIMPSON SAND 2070 - 638
CONT
. Petroleuin Informstion Corporetions

ARKOSIC SAND 2114 - 682
LTD 2147 - 715
RTD 2150 - 718
TD IN ARKOSIC FORM

REPL COMP ISSUED 2-17-72

R =T TR

SUC TN

L
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Bt A dped B
2 L Ry

D Pe e A



2-199 REPL. COMP. 8-65-b%

MAP N SEC i
srate KaNsas  county Riley Tiig ¢ SE NE i
oeer Phillips Pet. Co. TEE it f
o Bl e Winkler [tHLral Test) e b w |
pcor WC ELEv GR 1413 ¢ K
cont. G0 Togls .. - e ey
o Wity
en 1/22/62 . oo 127 fes  cewe 2020062 & 7ot LD A
f@:_g735,;;;;_7{u _Pre-Cambrian =70 . ) Hidrep .
Lc 8-5/8" @216 T
23 DA .
O Fair S
DF Spl Tops e . S T T
ITop 985 Top 1004 + 409 |
Heeb 1190 Hieeb J195  + 218
lTor 1208 Tor 1213+ 200 l
i LKc 1264 K¢ 1269+ 146 |
1 BKe 1556 BKc 1568 - L55 ;
fKh 1632 Kh 650 - 237 b
|Hunt 1733 Hunt 1737 - 324 |
{Maq Sh 2214 Maq Sh 2234 - 821 |
lyi 2299 Vi 2305 - 892 :
| RTD 2735 _ o« ) ! |

_ . 5
\Simp 2444 & fmp 5440 -1027 T ]
Pre ¢ - 2584  -1171

'No tests/shows plugged

|REPLACEMENT COMPLETION: (2/26/63) For additicnal information

D & A - COMPLETE (2/4/62)

|
I
!
l
|
|
l
|
o

()ht\\i P iﬁeﬁj C{?-
winXter FH# (o ‘r‘r‘ai jfesﬂ P -

— — = — e e —— il e
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EL CAPITAN OIL CO. i w0
v
Coiite STRAIN DRILLING CO. _Clay
° ~ B 8-%—3-9 D & A
i Ly T we
Tops Depth PE“_T__J Casing
4‘} 0 8" 126 N.Se
KC |6’QI ! o
1SS 2138 | ...
' HUNT 2-‘“*-‘}__5_1‘__, o
L AAQ | 2y 1
| VIO | e838 |
__ewp 3079 |
| ARR J ANy
;"*Qrz r 3162 -
[ v.0. 1 5 ]J
x/q4 NDEPENDENT OIL & GAS SERVICE j;* {
M x- I7‘¢ WICHITA, KANSAS ll . v

= 3

REPL #1 WILDCAT
sTate__ KANSAS 4-4-52 maPNO.
oper__ ANADARKO PROD CO & TESORO PETROLEUM ]

BOX 351, LIBERAL, KS O
weLL 1 EULER "A" |
cowta__MENDENHALL DRLG ~-§---i--:~--
meco_ WC = 35 MI NW FASTON(MISS) o
o D6A

API 15-043-20011

SPUD 3-25-74, 7"@ 254 w/200, Geol-Ed Donnelly
RTD 1630, Log
D&A, COMPLETED 4-6-74

REPLACES CARD ISSUED 4-22-74
REPLACED TO ADD ALL COMPLETION DATA
WAS TEMPORARILY COMPLETED

REPL COMP ISSUED 5-10-76

(<73
SF f;l.. J:l

= (fuuni?‘e-
&y DuBETHE WF
spor_ APP C SW NE INIT
co DONIPHAN WF
ELEV 1070 GR FIN
635'fwl, 790'fsl of NE/4
GR LOG TOPS:
DOUGLAS SH 262 + 808
LANSING 471 + 599
KANSAS CITY 596 + 474

B/KANSAS CITY 769 - 301
CHEROKEE SH 962 + 108
BARTLESVILLE SD

1198 - 128
BURGESS SD 1560 - 490
MISS 1600 - 530
LTE 1635 - 565
RTD 1630 - 560
TD IN MISS

Petroieum Informations
Comecmirom

COFYRIGHTED 1876 A EPROOUCTI M PROMIBITED

—_—



OPERATOR Five Nations Drlg, CWELNO. | Scemaster ELEv. 1239 KB
SAMPLE TOPS oePTH | sus sea | ELEC. TOPS | oo | sus sea
! I 1 I i I\
W
| Lans 902 Lans 904 ? s
! BKC 1117 BKC 1122 |
: Hunt 1175 Hunt 1168 o
' Maq Sh 1306 Maq Sh 1308 /307D Loy
' i 2 - vizge T by -
! Vi 1347 Vi 1349 4
: Simp sd 1381 Simp sd en T 1382/ 2
- PreCam 1466 PreCam 1440 Y
1 RTD (PreCam) 1627 LTD 1628 !
! a0
I Son
: RTD 1627 in PreCam. Log. NS, D & A, COMPLETED. e
| |
| A |
| a3 \ I
! 1
! \
! I
| |
; PLOTTEDL !
| 5
Co lom, o
i b e e e € [ |
—
5-326 B 1aWORBT
MAP NO. Elev._ 1230 L’
STATE Kans counry. Marshall SEC. 24 twe. 3S RGE. SE
orerator_Five Nations Drlg., Co., Inc e NW NW
weLL No._L FARM NAME___ DCEMASECr 5 ac 7)) =rc » FTFROM_—_____1INE
PoOL L (Le., ) FT. FROM ____ —UINE
4/10/61 5/14761  com_5/25/0]1 4-23-4/ L

FR

SPUD.

n

x

- r -~ Got R I
cont/Geor,_Augusta Tools Bub Bolevw Geol. “:‘I"L':‘f‘v‘l""'
COMPLETION RECORD ] L
NAME PRODUCING INTERVAL FROM — TO PERF. W/HOLES TREATMENT RECORD il i F_ ]
S et iy (e e
e r- | H '
. i '_r_*&;__l_;‘_
r‘f | I l ‘
c | | I
EEEN R
d e |
e I. P. OIL/DIST. WITR. GAS M.CFP.D, CHK. HRS
N a - .. .
€
d D & A
s D& A
siPe FITP g FI CPe SIBHP / :
GOR. GR. PeTD __1628Ye 0T N
CASING - CEMENT RECORD - T,
SIZE DEPTH W/ SAX, SIZE DEPTH W SAX.
8 5/8" 140 80



711

B —

11-169 Map. No. _REPI#1 WH.DCAT T ] $-T-R 3-4S-8 |:';;‘
orer . MCCULLOCH OIL, VENUS OILGA IEX MCCoOY i B $POT NWRWIW
1200 NBC BIDG, SAN ANTONIO, TEXAS —— —— o MARSHALL KS -~
WELL __#1BEACH ---f-~«[--:'-- ELEY 1401 GR FIN
CONTR _ BEN DRIG |1 !
we APP 36 M] NW SOLDIER (HU-VI) GR 1OG ToPs =
Ip DGA B/GIACIAL 36 +1365
API I5-T17-20009 ADMIRE 711 + 690
HOWARD 782 + 619
SPUD 8-10-70; 7" (@63 not cemented;Geol-Dean Seeber TOPFKA 815 + 586
No Cores or DSTS; OREAD 92 + 439
RTD 2168; Log; D&A COMPIETED ii-11-70, HEEBNER 999 + 402
REPLACES COMP ISSUED 11-19-70, DOUGIAS SHALE 1026 + 375
REPLACED TO ADD ADDITIONAL DATA, BROWN [IME 1035 + 366
LANSING 1063 + 338
TO 2168  ¥s#/70 B/KANSAS CITY 1331+ 70
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RTD 2168 - 767
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opgm__ BARNETT OIL, INC. __ spor__ SESESW NIT
1625 VICKERS KSBGCT BLDG, WICHITA, KS __;,_}_4__4 - DICKINSCON WF
witi 3 BEILLY _.— — eev__ 1250 KD Fin
ontn_ BERENTZ DRLG “'!"j“t"“
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APl 15-041-20034 : HOWARD 1132 « 118
SPUD 8-31-76, 8-5/8"@G 210 w/160 TOPEKA 1192 - 58
RTD 3175, logs HEEBNER 1459 - 209
D & A, COMPLETED 9-9-76 TORONTO 1478 = 228
DOUGLAS SH 1489 - 239
BROWN LIME 1576 - 326
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MISS 2142 - 892
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AP 15-131-20023 FR 1/25/82  come  *2/76/92

SPUD 2/6/92, *10 2/1 @ 254 w/206, fenl:  Woody Paul

*IST 1 (SIMP) 3804-93, leﬂ.\lhj,HUQU.tha, Roo 630"
MCSW (chl- 34,000 ppm), ISTP Dian, PP 50-93 148~
YRO, 1SIP 1371, HP 1954-19.2

RTD 3980, *logs: DIL/SFL/FOC/CNL/GR/BHC/SR/CHL

*N&A COMPLETED 2/26/32
*ADNED/CORRECTED DATA - (Elev was 1140 T5)

REPLACED TEMP COMP ISSUED 4/13/8/
REPL #1 ISSUED 5/10/83
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*KIb 106 TOPS:

HELBNER M3+ 127
LANS ING Lo s |
B/KANSAS CITY 1619 - 303 1
MISS 2A80 - 1166 |
KINDERHOOK 2643 - 1327
HUNTON 2861 - 1545
VIOLA 75 - 2759 |
SIMPSON 5D 06 - h4a0
RIAGAN 5D 395() - 2634
PRE-CAMBRIAN 39745 - 2RHY
RTD 3980 - /664
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