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ABSTRACT

This annual report presents and interprets the information

obtained by the Conservation and Survey Division (Nebraska Geological

Survey) during contract year July 1, 1980, to June 30, 1981,

under contract NRC-04-76-315 with the U. S. Nuclear Regulatory

Commission. The information pertains to the geology, structure,

tectonics, and seismicity of eastern Nebraska with emphasis on

central Otoe County. Some of the information presented here

results from a combination of studies begun in earlier years but

the greater part results from studies begun during the contract

year.

5.

The scope of the studies is summarized as follows:

Rock outcrops in Otoe County were reexamined and reevaluated,

- and 22 test holes were drilled to deteriine the altitude of

the upper surface of the Elmont Limestone of Pennsylvanian
age;

One new seismograph was installed in eastern Nebraska;
Gravity surveys in eastern Nebraska were extended;

Ground magnetic surveys in Otoe County were made and

evaluated.

Age dating of two Precambrian cores.

Discussion of the results of these studies constitute the

remainder of this report.



STRUCTURE OF THE ELMONT LIMESTONE IN CENTRAL OTOE COUNTY, NEBRASKA

R. R. Burchett and M. R. Bolitho

Introduction

A specific site area in central Otoe County, Nebraska was
chosen for study in 1980-81 because it overlies the southwestern
extension of the Union Fault (fig. 1). The Union Fault defines
the southern margin of the northeast-southwest trending midconti-
nent gravity anomaly. Southward from it the rock strata either
are downthrown or dip steeply into the Forest City Basin.

The primary purposes of this investigation were to acquire,
by drilling test holes, subsurface data needed to correlate
buried strata with strata that crop out and to gain a better
understanding of buried structural features in eastern Nebraska.
The top of the Elmont Limestone, a member of the Emporia Formation
of the Wabaunsee Group (Virgil Series) of the Pennsylvanian
System, was chosen as a datum plane for a structure map because
the Elmont underlies most of the study area at a shallow depth
and is easily identified in rock cuttings obtained by drilling.
All available data on the altitude of this surface in outcrops
and in test holes were used as control points for contour lines

depicting the configuration of the Elmont's upper surface (fig. 2).
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Scope of Investigation

Twenty-two shallow rotary test holes were drilled in central
Otoe County (fig. 3) by the Rieschick Drilling Company of Falls
City, Nebraska. The holes averaged about 182 feet (55.6 m) in
depth, and each was logged electrically as well as thru visual
examination of the rock cuttings. Some of the holes penetrated
the Elmont Limestone; others were drilled to an identifiable
horizon whose height above or depth below the Elmont is known,
thus providing an Elmont datum. The holes were drilled in May
and June of 1981 under a cooperative agreement between the
Conservation and Survey Division (NNebraska Geological Survey)
and the U.S. Nuclear Regqulatory Commission (Contract NRC-04-76-315).

A binocular microscope was used for examination of the
cuttings. Logs of the test holes, based on descriptions of the
cuttings, are presented in Appendix A. Figures 4 and 5 show a
composite section of the Lower Permian and Upper Pennsylvanian
rocks drilled in the study area, together with a composite electric
log of those rocks.

The geologic map illustrated in figure 6 shows the distribu-
tion of groups ranging in age from Late Pennsylvanian to Early
Permian. Location of bedrock outcrops, mostly along valley
sides, are shown in solid black. A careful reexamination of
outcrops in the area provided additional data for mapping purposes.
By determining the altitude of many outcrops, the investigators
obtained additional vertical control points for the structure

map.
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Most upland and lowland areas are mantled by unconsolidated

Quaternary deposits such as loess, till, and alluvium. The maxi-

mum aggregate thickness of these deposits is 400 feet (122 m).

Results of Investigation

Interpretations based on drilling results and field observa-

tions during this investigation are summarized as follows:

(1)

(2)

(3)

The Union Fault probably is not a single structure, as
previously interpreted. 1Instead, it is a complex zone of
faults and steep dips affecting rocks as young as Permian
in age.

Pennsylvanian and Permian age rocks are faulted along

the Union Fault. The direction and angle of dip exhibited
by these rocks, on both sides of the Union Fault, differ
markedly within very short distances, thus indicating that
the structural pattern is highly complex. The greatest
dip measured about 15°SE, just east of the area of study,
is in the SW sec. 6, T. 9 N., R. 13 E., in Otoe County
(Burchett, 1980).

Only two faults have actually been observed in outcrops
near the study area, and both are located along the Union
Fault. One is in the NW NW sec. 21, T. 10 N., R. 14 E.,
Cass County, and was observed by Condra and Reed (1938)
many years ago before quarrying destroyed the outcrop.
Throw along this fault was reported to be 8.8 feet (2.7 m)
in the Deer Creek Formation of Pennsylvanian age, but no
mention was made whether that or any other faults involved
Quaternary deposits. The other fault is in the NE SW

10



(4)

(5)

(6)

(7)

sec. 6, T. 9 N., R. 13 E., Otoe County. Here the Lecompton
Formation of Pennsylvanian age is displaced about 3 feet
(0.9 m). Overlying Quaternary deposits do not appear to be
faulted.

Displacements along the faults not observable in outcrops
but indicated on figure 2 are interpretive for the following
reasons: Thick glacial deposits mantle the bedrock throughout
most of the study area; outcrops are of small areal extent
and consist of strata so similar that their correlation is
difficult; and the distance between outcrops and test holes
available for interpretation ranges from 0.1 (0.161 km) to

1 mile (1.61 km). The greatest interpreted throw of the
Elmont Limestone on the Union Fault, about 200 feet (61.0 m),
is in the southwestern part of the study area.

The altitude of the top of the Elmont Limestone (fig. 2)
ranges from about 800 feet (243.8 m) above mean sea level

in the southwestern part of the study area to more than

1100 feet (335.3 m) north of the Union Fault.

Faults and/or steep dips in the area probably reflect
faulting and steep dips at depth. Deeper structures are
indicated by contours drawn on the base of the Hertha
Limestone, a formation in the Kansas City Group of the
Missouri Series of the Pennsylvanian System (Burchett, 19785
and on the surface of Precambrian rocks (Carlson, 1967).
Several deep drill holes have penetrated the Precambrian

age rocks in Cass, Otoe, Lancaster, and adjacent counties

to the south. Locations of these holes and the elevation

of the Precambrian surface are shown in figure 7.

11
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Interpretation of these elevations indicates that faulting
probably occurred in the Precambrian rocks along the Union

Fault.

13



REFERENCES

Burchett, R. R. 1978. Regional tectonics and seismicity of
eastern Nebraska, Annual Report, June 1, 1976--June 1,

1977. Availéble from National Technical Information
Service, Springfield, VA 22161. (NUREG/CR-0053)

Burchett, R. 'R. 1980. Regional tectonics and seismicity of
eastern Nebraska, Annual Report, June 1978--May 1979,

p. 10. Available from National Technical Information
Service, Springfield, VA 22161. (NUREG/CR-1328)

Carlson, M. P. 1967. Precambrian well data in Nebraska including
rock type and surface configuration. Nebraska Geological
Survey Bulletin 25. Lincoln, Nebraska: Conservation and
Survey Division, University of Nebraska.

Carlson, M. P. 1970, Distribution and subdivision of Precambrian
and Lower and Middle Paleozoic rocks in the subsurface of
Nebraska. Nebraska Geological Survey Report of Investigations
3. Lincoln, Nebraska: Conservation and Survey Division,
University of Nebraska.

Condra, G. E., and Reed, E. C. 1938. The Redfield anticline of
Nebraska and Iowa. Nebraska Geological Survey Paper 12.
Lincoln, Nebraska: Conservation and Survey Division,

University of Nebraska.

14



EARTHQUAKE MONITORING NETWORK IN NEBRASKA

R. R. Burchett & Russell Smith

The Conservation and Survey Division (Nebraska Geological
Survey) and the Geology Department of the University of Nebraska-
Lincoln collaborated in the installation of a portable micro-
earthquake station in Nebaska during contract year 1980-81.

This station, near Dwight, was a replacement for the station

near Columbus which developed high background noise.

As of July 1, 1981, a total of seven earthquake monitoring
stations were operating in Nebraska. Locations of these stations
are shown in figure 8. Precise location and other pertinent
information about these stations are given below:

Site designation ICN. Location: E/2 NE NE SE sec. 23, T. 10 N.,
R. 6 E., lat. 40° 48' 42" N., long. 96° 42' 07" W.; on
University of Nebraska-Lincoln campus at Lincoln in Lancaster
County, Nebraska. Instrument altitude: 1,165 ft. (355 m)
msl datum, Operation begun September 1, 1977.

Site designation DTN: Location: Center SE NW SW sec. 6,

T. 12 N., R. 4 E.; lat. 41° 01' 18" N., long. 97° 02' 09" W.;

on James Tesina farm near Dwight, in Seward County, Nebraska.

Instrument altitude: 1,523 ft. (464 m) msl datum. Operation

begun August 25, 1980.

15
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Site designation JHN. Location: NW corner SW NE sec. 36,
T. 6 N., R. 12 E.; lat. 40° 26' 49" N., long. 96° 0Ol1'
03" W.; on Douglas Boellstorff farm near Johnson in Nemaha
County, Nebraska. Instrument altitude: 1,080 ft. (329 m)
msl datum. Operation begun December 5, 1978.

Site designation HMN. Location. NW SW SE NW sec. 26, T. 4 N.,
R. 5 E.; lat. 40° 17' 11" N., long. 96° 50' 08" W.; on
Homestead National Monument of America Site near Beatrice
in Gage County, Nebraska. Instrument altitude: 1,207 ft.
(368 m) msl datum. Operation begun June 20, 1979.

Site designation SGN. Location: SE NW NE SE sec. 30, T. 13 N.,
R. 11 E.; lat. 41° 3' 57" N., long. 96° 13' 7" W.; on
Leroy Nielson farm near Springfield in Sarpy County,
Nebraska. Instrument altitude: 1,140 ft. (348 m) msl
datum. Operation begun June 20, 1980.

Site designation MKN. Location: NW SE NW sec. 25, T. 5 N.,

R. 26 W.; lat. 40° 22.44' N., 100° 13.50' W.; near Medicine
Creek Dam in Frontier County, lNebraska. Instrument altitude
2,395 ft. (730 m) msl datum. Operation begun March 11, 1979.
Site designation INN. Location. NW SW SW sec. 29, T. 3 N.,
R. 27 W.; lat. 40° 11.55' N., 100° 24.01' W.; near Indianola
in Red Willow County, Nebraska. Instrument altitude 2,500
ft. (762 m) msl datum. Operation begun September 15, 1979.
All stations are equipped with Geotech Portacorders model
RV~320 and Geotech model S-13 seismometers except the HMN and
MKN stations are equipped with Geotech model S-500 seismometers

and INN with a GSC-20D seismometer.
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Each station is operated by a volunteer who agreed to (1)
permit installation of a seismometer vault on his property, (2)
provide housing for the amplifier-filter-recorder-clock system
and the WWV time-signal radio receiver, and (3) change the
seismograph recorder charts, replenish the ink supply, and reset
the clock whenever necessary on a 365-day-per-year basis. 2all
seismographic records with the exception of Medicine Creek and
Indianola are sent to the University of Nebraska-Lincoln for
preliminary analysis and then are forwarded to the Kansas Survey
for more detailed analysis. The seismographic records from
Medicine Creek and Indianola are sent directly to the Kansas
Geological Survey.

The Nebraska seismometers, together with seismometers in
the adjacent part of Kansas, provide continuous coverage of
seismic activity along the buried Nemaha Ridge.

Thirty microearthquakes centering in Nebraska were recorded
between August 1977 and July 1981l. Table 1 and figure 9 show

the location of these microearthquakes.
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Map Date
Ref.
1 1977 Aug
2 1977 Dec
3 1977 Dec
4 1978 Jan
5 1978 Feb
6 1978 Sep
7 1979 Apr
8 1979 Jun
9 1979 Jun
10 1979 Jul
11 1979 Jul
12 1979 Jul
13 1979 Jul
14 1979 Jul
15 1979 Jul
16 1979 Jul
17 1979 Aug
18 1979 Aug
19 1979 Aug
20 1979 Aug
21 1979 Aug
22 1979 Aug
23 1979 Nov
24 1979 Nov
25 1980 Apr
26 1980 Aug
27 1981 Mar
28 1981 Mar
29 1981 Apr
30 1981 Jun

l(UTC) Coordinated Universal Time.--Subtract 6 hours for Central Standard

Depth calculated in kilometers or fixed at 5.00 km.
Duration magnitude calculated from equation derived by Oklahoma Geological

Time.

Observatory.

1

13

14

12
16
16
16
16
16
24
24

13
14
15
15
31
19
29
26
13
13
20
20
26

TABLE 1

MICROEARTHQUAKES IN NEBRASKA

Latitude

Longitude

Origin Time Degrees Degrees Depth2 Magnitude3
(urc) ! North West (Km)
10:34:25,21 41:24.90 98:28.07 5.00 2.5
13:04:34.20 40:18.53 100:22.00 5.00 2.3
13:22:38.57 40:12.52 100:17.87 5.00 2.4
20:15:33.39 40:05.58 95:42.00 5.00 1.7
0:25:47.62 40:01.92 100:20.00 5.00 2.4
8:06:18.59 40:53.76 100:22.00 5.00 2.2
22:46:10.41 40:58.12 98:33.83 0.67 2.4
16:16:21.91 40:08.61 100:20.88 1.60 2.5
11:13:11.88 40:24.33 96:03.26 2.07 1.8
0:03:48.18 40:10.07 100:17.22 5.00 2.7
1:34:20.32 40:11.59 100:20.70 5.00 2.5
5:27.01.42 40:11.45 100:20.00 9.08 1.3
6:08:09.89 40:11.32 100:20.73 11,09 1.5
7:05:56.02 40:12.00 100:19.90 7.08 1.1
4:16:46.09 40:12.47 100:26.00 0.88 2.2
8:04:46.26 40:27.94 99:37.38 0.87 1.9
4:16:21.66 40:10.34 100:21.44 0.84 2.5
11:09:47.65 40:06.80 100:30.10 1.50 1.7
23:59:31.37 40:10.39 100:20.58 1.76 1.5
6:45:53.87 40:08.68 100:20.34 1.51 1.5
16:07:07.14 40:08.49 100:26.43 1.23 1.3
8:00:11.70 40:08.31 100:20.22 1.53 2.2
4:58:43.40 40:14.86 100:02.77 13.57 1.5
22:02:31.21 40:09.80 100:21.64 3.15 1.9
14:21:48.50 40:43.99 99:43.91 5.00 2.3
5:50:11.83 41:53.59 97:06.01 9.90 2.1
12:42:16.68 40:53.44 99:41.67 5.00 2.4
5:09:48.17 40:10.31 100:19.60 1.75 1.4
18:18:15.28 41:01.02 97:49.49 20.80 2.4
18:55:02.07 41:31.75 97:39.06 5.00 2.8
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GRAVITY AND GROUND MAGNETIC INVESTIGATIONS IN EASTERN NEBRASKA

R. F. Diffendal, Jr. and R. R. Burchett

Introduction

The purpose of this investigation was to extend the area
covered by gravity and ground magnetic data related to the Nemaha
Uplift and associated structures in eastern Nebraska (fig. 10).
Gravity data were collected from Clay, Fillmore, Hamilton, Nuckolls,
Polk, Thayer, and York counties. Additional ground magnetic

data and gravity data were collected for central Otoe County.

Gravity Study

Gravimetric surveying is a geophysical technique that aids
in interpretation of subsurface geologic structure. A Worden
Master, a very sensitive weighing device which measures differences
in gravity intensity (acceleration) at specific points on the
earth's surface, is used in this type of surveying. The principal
causes of gravity anomalies generally are either the dissimilar
compositions of crystalline basement rocks and overlying sedimentary
rocks or density contrasts produced by vertical or horizontal
displacements of rocks. However, other phenomena also can contri-
bute to differences in gravity intensity and in combination

with the principal causes can make gravity data somewhat ambiguous.
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All gravity base stations in the Nebraska Gravity Network
are tied to the National Gravity Network base station located at
the Lincoln Municipal Airport. Gravity stations established
during this study were located at section corners and in some
cases half-mile section lines (fig. 1l1l). Land-surface altitudes
at most stations could be determined directly from 7.5-minute
topographic quadrangles. For other stations, land-surface alti-
tudes were established from topographic contours and are accurate
within +2 feet.

Field gravity data were corrected for latitude, meter drift
and elevation; earth tides were not considered. The maximum
error in station altitudes was enough to produce variations of
+0.2 milligal. Slight inaccuracies in station locations--none
greater than 0.1 minute of latitude--could have produced errors
of no more than +0.08 milligal. A +0.02 milligal error was
possible from either tidal or instrumental sources. Therefore,
the maximum possible was +0.3 milligal but generally was much
less because some errors were compensatory.

Bouguer values were calculated from assumed computational
density values of 2.5, 2.6, and 2.67 gm/cm3, The average density
value of 2.69‘gm/cm3 obtained by Muehlberger and others (1964)
for two samples of Precambrian crystalline rocks indicated that
2.67 gm/cm3 would be the most realistic Bouguer computational
density value. These three densities were used to compute the
efforts of observed gravity versus theoretical gravity for anomaly
interpretation.

In central Otoe County 253 gravity stations, in addition
to those previously established, were used to produce a
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hand-contoured Bouguer gravity map (fig. 12). 1In addition akout
980 gravity stations were occupied in Clay (fig. 13), Fillmore
(fig. 14), Hamilton (fig. 15). Nuckolls (fig. 16), Polk, (fig.
17), Thayer (fig. 18), and York (fig. 19). Data collected at
these stations were used to produce Bouguer gravity maps for
each of the counties (figs. 20, 21, 22, 23, 24, 25, & 26).

These data were also integrated with previously collected data
to generate a comprehensive regional Bouguer gravity map of

eastern Nebraska (fig. 27).

Ground Magnetic Study

The instrument used in the ground magnetic study was a
Geometrics@§826 Proton Magnetometer. This instrument measures
the total magnetic field with an accuracy of +1 gamma. Magnetic
anomalies are produced by differences in the degree of rock
magnetization (polarization). Although, to a large extent,
magnetic intensity is related directly to the percentage of the
mineral magnetite in rocks, depth to the magnetic source rocks
is another variable that affects the measurements.

During field operations about 300 magnetic stations were
established at 0.5- and 1.0- mile spacings in central Otoe County.
Sites selected as magnetic stations were well-removed from artifi-
cial magnetic sources such as fences, power lines, and pipelines.
Corrections for diurnal magnetic drift were made by making observa-
tions at a base station at 3-hour intervals and then using those
observations to correct, by linear interpolation, the readings

made at field stations between base stations. No corrections
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IN HAMILTON COUNTY
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were made for latitude. The final magnetic intensity data were
contoured by hand (fig. 28) and show very clearly the southern

edge of the midcontinent anomaly.
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SOME PRECAMBRIAN GABBROIC ROCKS FROM SOUTHEAST NEBRASKA

S. B. Treves

Introduction

Our papers on the Elk Creek carbonatite of southeast Nebraska (1972, 1972b,
1975) produced a flurry of leasing, geophysical surveys and, finally, drilling
of the El1k Creek anomaly and some smaller, nearby anomalies. Recently two cores
from boreholes that were drilled to basement at the site of the nearby Steinhauer
anomaly were released to the Conservation and Survey Division for reference pur-

poses and study. These cores are described in the sections that follow.

Location
The cores are designated Steinhauer 1 and 2, and are referred to as St -1
and St- 2 in the rest of the text. St-1 was drilled (fig. 29) at the center of
the north boundary 1ine of the NW 1/4 NE 1/4 NW 1/4 Sec. 19 T.3N. R.11E. St-2
was drilled at the center of the south boundary 1line of the SW 1/4 SE 1/4 SW 1/4
Sec. 14 T.3N. R.12E.

Core Description

Analysis of the core of St -1 shows that basement rocks were encountered at
a depth of 800.5 feet and that drilling was continued to a depth of 994 feet,
producing 194 feet of core. Analysis of the core from St -2 shows that basement
rocks were encountered at a depth of 971 feet. Additional drilling to a depth
of 1072 feet produced 101 feet of core. The contact of the basement rocks with
the overlying, younger sedimentary rocks is sharp and nonconformable. It is
clearly not an intrusive contact, as fragments of the older rock occur as clasts
in the basal unit of the overlying sedimentary unit.

The upper portions of both cores are deeply weathered and stained by iron

oxides. The St=-1 core is weathered to a depth of 67 feet; St- 2 core is only
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weathered to a depth of 5 feet. The rocks of both cores are extensively jointed
and cut by veins of secondary calcite and quartz. The orientation of the joints
ranges from horizontal to vertical, with most being inclined at angles that range
from 30° to 60°. Slickensides are common. The rocks immediately adjacent to the
veins and most of the joints are altered, sometimes extensively.

Below the weathered zone the rocks are strikingly fresh and unaltered and
are black and dark grey. Hand specimens show abundant plagioclase and lesser
amounts of pyroxene, olivine, and opaque minerals. The average grain size
ranges from about 2 mm to about 10 mm. Specimens from both holes are identical
in hand specimens.

Thin-section analysis of unaltered specimens of core indicate the rocks are
gabbroic and that they consist primarily of olivine, plagioclase, pyroxene,
opaque minerals, biotite and traces of apatite and alkali feldspar. The olivine
is magnesium-rich and is generally about Fogg. Locally, it is altered to ser-
pentine. The plagioclase is generally sodic labradorite. It is complexly twinned
and generally unaltered. In plagioclase-rich rocks the fabric shown by the plagio-
clase suggests that it may be a cumulate phase. Some plagioclase shows slight
alteration to sericite. The pyroxenes consist of orthopyroxene and clinopyroxene.
The orthopyroxenes are inverted pigeonites and contain lamellae of augite that are
parallel to the (001) of the original pigeonite. The clinopyroxene is augite,
which contains exsolved blebs of pigeonite. Orthopyroxenes are much more abundant
than clinopyroxenes in these rocks. The opaque minerals are primarily ilmenite,
but some sulphides are present. In many sections the ilmenite and the mafic
minerals are mantled with overgrowths of biotite. Apatite occurs as prismatic,
interstitial crystals or as inclusions in the plagioclase. Alkali feldspar occurs
in the interstices between plagioclase grains.

Modal analyses of the gabbroic rocks are presented in table 2. The analyses
show that the upper reaches of St- 1 consist primarily of anorthositic gabbro,
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Elevation
St-1

847
839.8
842

944.5
989.5
994 5%

St-2

974
976
978

1000

1032.5

1037

1045

1051

1060

1067.57

1070.5

(O]

()] c
[ Q
— x
> (o]
— s~
o by
9 6
5 6
9 7
7 23
11 28
4 21
36 13
39 7
33 10
37 5
38 5
38 5
45 4
18 5
43 4
31 20
30 13

TChemical analysis

Plagioclase*

32(58)
35(50)
40(35)
35(58)
33(58)
39(60)
25(55)

39(5
34(62
29(62)
31(50)

*Figure in brackets is anorthite content

Table 2.

Modal Analyses of Specimens from St-1 and St-2.
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Opaque
Minerals

Biotite

—_— N NN W

~

WA= MNMNDWW—N—

Apatite

Tr
Tr
Tr

Tr
Tr

Tr
Tr
Tr
Tr
Tr
Tr

Tr
Tr
Tr
Tr

Alkali
Feldspar

Tr
Tr
Tr

Tr
Tr
Tr
Tr
Tr
Tr
Tr



whereas the lower reaches consist of olivine gabbro. The upper and lower reaches
of St-2, in contrast, consist of ilmenite-rich olivine gabbros, whereas the middle
reaches consist of troctolitic, ilmenite-rich gabbros. The cores seem to exhibit

a coarse lithologic layering. It does not seem possible to correlate units between
the holes.

Near the bottom of both holes the core shows several thin, horizontal layers
of grey carbonate. Thickness ranges from a few centimeters to about 10 centimeters.
These units consist primarily of calcite, phlogophite, apatite(?) and opaque
minerals and may be carbonatites. Further work will be necessary before a final
determination is possible.

Two chemical analyses of fresh specimens of the core were made. The results
are presented in table 3. It is readily apparent that both rocks are abnormally
rich in ilmenite. If allowances are made for this feature, the rocks are not too
much unlike Nockolds' average gabbro. Analysis three is of a basalt obtained
from a borehole, Radenslaben No. 1, drilled on the midcontinent gravity high near
Omaha, Nebraska. More chemical analyses will be required to completely charac-
terize these rocks.

Two 32A/4OAr dates (Dalrymple and Lanphere, 1971) were determined on plagioclase
separates from St -1 and St -2 by J. Sutter. The pertinent analytical data and
33Ar/*0Ar age spectrum diagrams are presented in table 4 and figure 30. Sutter
reports that both spectra are indicative of the loss of radiogenic “OAr since
crystallization of the gabbros. Thus, none of the ages indicated by the diagram
is the time of crystallization of the gabbros. The spectra further indicate that
the gabbros are older than the oldest age measured, which was 1.18 b.y. on the
fuse fraction of St -1 plagioclase. Sutter suggests that both specimens are
likely to be the same age and that the age is probably not much in excess of 1.2

b.y., which makes these rocks Keweenawan in age (Goldich et al., 1960).

49



(1)
Si0, 49.60
Ti0, 5.37
A1,05 15.00
Fep03 14.40*
Fe0 --
MnO 0.14
MgO 3.77
Ca0 5.99
Na,0 2.36
K, 0 0.86
P05 0.05
H, 0+ --

*total iron
tcomposite sample

1. St-1; 994.5 ft.
2. St-2; 1067.5 ft.
3.

4,

5.

Table 3.

34.30

12.50
8.52

35.00*

0.22
5.14
2.98
1.04
0.57
0.05

Chemical Compositions.

50

Radenslaben No. 1, C SW 1/4 SE 1/4 NW 1/4 Sec. 28 T13N R8E
Average tholeiitic basalt (Nockolds, 1954)
Average gabbro (Nockolds, 1954)

48.

16.

1

o O O

36

.32

84

.55
.92
.18
.06
.07
.26
.56
.24
.64



St -1 Plagioclase 944.5 ft.

39,
Temp. % of
°C. Total
500 1.69
800 11.79
1000 15.59
1050 32.05
1100 15.45
Fuse 23.41
Total Gas 100.00
St- 2 Plagioclase
400 0.82
500 1.97
600 5.78
700 5.22
800 8.43
900 7.44
1050 25.85
Fuse 44.50
Total Gas 100.00

*Pgst-1977 constant

Radio-
genic
40p 9

8.
39.
40.
67.
48.
62.
49.

55.
80.
92.
93.
95.
94.
98.
98.
96.

Table 4. Age Spectrum Analysis Analytical

51

65
11
50
75
21
02
85

97
07
00
26
62
88
03
31
55

Data.

Age in m.y.*
> 1,000 m.y.
1053.883 = 21.336
978.892 + 19.464
1053.472 + 11.847
1134.997 + 18.098
1178.587 + 13.789
1082.873
575.340 = 52.792
818.143 + 17.583
964.203 + 10.950
972.995 + 10.738
979.916 + 9.901
965.828 + 9.906
929.321 + 8.847
1115.876 + 10.087
1021.017



Age in m.y.

>

Age in m.y.

12201

1140

fuse

1100°C

1060 1

800°C 1050°C

980

900

820

740

1000°C

St-1 944.5 feet (plagioclase)

50

Cumulative percentage of 3%Ar released

100

1220 }

1140

1060

980

900

820

740

fuse

10207C

St-2 1067.5 feet (plagioclase)

500°C

Y

Figure 30. “9Ar/3%Ar age spectrum diagram for St-1 and St-2.
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Summary and Conclusions

The gabbroic rocks associated with the Steinhauer anomaly are intrusive
into older granitic rocks. They constituté a plug or plugs that occur on the
west flank of the Nemaha uplift to the south and northeast of the midcontinent
gravity high. The coarse-grained Steinhauer gabbros do not resemble the ophitic
basalts of the midcontinent gravity high in appearance or mineralogy. They also
appear to be older than the basalts in Nebraska (Goldich et al., 1966). They do,
however, resemble the basalts in terms of their chemistry and, hence, may be
products of the same igneous event. Further, the Steinhauer gabbros resemble
the Keweenawan rocks of the Duluth gabbro as described by Weiblen and Morey
(1980). In light of the above, it seems that the Steinhauer gabbros are probably
an early intrusive phase of the igneous activity, in Nebraska, that gave rise to
the Keweenawan basaltic rocks of the midcontinent gravity high and the Keweenawan

basalts and gabbros of the Lake Superior region.
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APPENDIX A

This appendix consists of descriptions of the twenty-two
test holes drilled in central Otoe County. Locations of these
test holes are shown in figure 3 of the text.

All measurements in this appendix are expressed in feet.
To convert to the International System of Units, multiply feet

by .3048 to obtain meters.
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Test Hole 1-81

Location: Otoe County, SW SW NW sec. 19, T. 8 N., R. 10 E.,
approximately 1950 feet south of north section line
and 20 feet east of west section line.

Ground-level elevation: 1182.5 feet above mean sea level.

Started: May 7,A1981. Completed: May 7, 1981l.

Description Depth, in feet
From To
Quaternary System:
S0il (NO sampPle) .cceeccececscccecccccccssssnsscns 0.0 - 5.0
Clay, light yellowish brown; moderately
S1ltYeeeeeceancoocsencscsscscsscscsansnnsss 5.0 - 10.0
Clay, light yellowish brown; contains
gravel.eeceecsceseccccsscsossasoscssasssesceasss 10.0 - 23.0
Clay, dark gray, slightly siltV..ceeceeeceeces 23.0 - 37.5
Clay, light greenish gray...cecececeeeececcseces 37.5 = 48.0
Clay, o0live, SiltVeeececeecscesoscceossnsesnaess 48,0 - 52.5
Clay, medium to dark gray, slightly silty.... 52.5 - 66.0
Clay, medium to dark gray, slighlty silty;
contains black carbonaceous material...... 66.0 - 69.0
Clay, medium gray, slightly silty....ccc00... 69.0 - 83.0
Clay, light gray, slightly silty..eccceeeees. 83.0 - 86.0
Clay, medium gray, slightly siltV...eee0e00... 86.0 - 88.0
Clay, light gray, slightly silty.....¢cee.... 88.0 - 92.0
Clay, light gray, sandy, siltV.eeecceececeaceceeas 92,0 - 96.0

Pennsylvanian System - Virgil Series - Wabaunsee Group:
Willard Formation:

Shale, light greenish gray.cccececececesccseees 96.0 - 97.2
Limestone, medium gray, very finely crys-

talline; contains fusulinidS....cccceeeee. 97.2 - 97.8
Shale, pale 0liVe.:cieeeeececscsoasonncocsases 97.8 - 99.0
Shale, light reddish gray..ceeceececececcesees 99.0 - 100.1

Emporia Formation:
Elmont Member:
Limestone, medium gray to tan, finely crys-
talline, pseudo-oolitic; contains

bryozoans, crinoids and Osagia............ 100.1 - 102.8
Shale, light reddish gray..secesecececececesceees 102.8 - 103,7
Limestone, very light gray, finely crys-

talline; contains Osagia..c.ccceceeececases 103.7 - 105.4
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Description Depth, in

feet

From

Harveyville Member:
Shale, light to medium gray...c.ecceeceeseees 105.4 =
Reading Member:
Limestone, light gray, finely crystalline;
contains crinoids, brachiopods, and
O0Sa@01Aceseasessssscssssacssscssscsssnssanasss 106.9 -
Shale, light to medium gray..cceeecececescesss 110.0 =
Limestone, medium gray, finely crystalline,
pseudo-oolitic in part; contains
brachiopods and 0Sa@gi@.ceeeecsccceccaceaass 110.2 =
Auburn Formation:
Shale, light greenish gray..ececececcssencees. 113.0 =~
Shale, red...cececesccsaasscoccasccscsassccsanssee 114.0 =
Shale, red mottled ta@N.:.eceeeseccesecanacesss 123.2 =~
Shale, light greenish gray mottled olive..... 126.0 -
Shale, medium to dark gray.eceeececeessceeeess 130.0 =~
Wakarusa Formation:
Limestone, medium to dark gray, finely crys-
talline; contains fusulinids; interbedded
with shale, medium gray.ccceeeceeecceeseess 138.2 -
Limestone, light gray, finely crystalline.... 140.6 -
Soldier Creek Formation:
Shale, medium gray.ccccececeessceascssosesscss 142.7 =
Limestone, medium gray, finely crvstalline;
contains fusulinids, crinoids, Osagia,
and "black inclusions"; interbedded with
shale, medium gray.ecececeececsceccccccscesss 145.2 ~—
Shale, reddish gray..ceecceceescccscssccscasssas 145.8 =~
Limestone, light gray, very finely crys-
talline; contains crinoids...cecceeceeseees 147.2 =
Shale, dark gray.eceeseeassesseasssscsccssossseas 150.4 -
Limestone, light gray to tan, finely crys-
talline; contains Osagida...ccceeeeeecece.. 151.5 -
Shale, MeAiUM graY.ceeeceessssceccosssscesasess 152,11 =~
Shale, light gray..ccccececccecscecanccecsccsecsss 155.0 =~
Shale, Medium gray...ceecesecsscsecscssssanscss 156.2 =
Burlingame Formation:
Limestone, medium gray, finely crystalline... 160.1 -
Limestone, medium gray, variably crystal-
line; contains fusulinids, crinoids,
brachiopods, pyrite, and "black
InclusSions™..e.eeeecescccescesssscaceaanse 161.0 =
Shale, light greenish gray....cececeeeececaess 161l.6 =
Shale, light to medium gray..ceeccececesseceesee 162,00 =
Limestone, light gray, very finely crys-
talline; contains brachiopods and
glauconite.eeeeeeescesscesscecncscsasnsanes 163.5 =
Scranton Formation:
Silver Lake - White Cloud Members:
Shale, pale 0liVe.iceeeeeecoccscesaccssacaaness 164.8 -~
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Description Depth, in feet

From To

Shale, red mottled greelN.cceeeccccceccscoceos 167.0 - 167.2
Shale, light greenish gray.c..cceecccececcecsecess 167.2 - 170.0
Shale, reddish gray.ccecesscesesccessesaceanss 170.0 - 178.3
Shale, reddish gray; interbedded with lime-

stone, light greenish gray.e.ececeescececs.. 178.3 - 182.9
Shale, light greenish gray....ceeeeecececcasas 182.9 - 183.0
Limestone, light greenish gray, finely

crystallin€...cceeeecceecscsceccenssncccecesss 183.0 - 183.9
Shale, pale 0livVe..cceveoeccsassssaasnscassnss 183.9 - 184.5
Shale, light gray..ccccecececccecscscecossansss 184.5 -~ 194.0
Coal, blaCKk..eeseeeeesoccsossoesssssassasssass 194,00 - 194.5
Shale, light greenish gray...ceceeecececssssss 194.5 -~ 213.3
Shale, light greenish gray; interbedded with

thin limestone streakS....cceecececcessses 213.3 - 213.5
Shale, MediUM graV...csesccesscsssaacccesssas 213.5 == 240.3
Shale, light gray, sSilty.ceccccecesscccossases 240.3 -~ 242.0

Howard Formation:

Limestone, medium to dark gray, finely

crystalline; contains abundant crinoids... 242.0 =~ 243.3
Shale, dark gra@V.secescecescocesascecsccosnssee 243.3 == 245.2
Limestone, light to medium gray, very finely

crystalline; contains crinoids,

fusulinids, pyrite, and "black

inclusions"...eeeeecccecccocscsccscccasoaes 245.2 - 250.8

Severy Formation:

Shale, medium graye.cececescscescsccsacccsaasss 250.8 = 251.0
Coal, blaCK.seeeaeeeoeseeceeosnsscasannssesses 251.0 - 251.4
Shale, Medium gray.ccececcccscecssscsscccsesess 251.4 == 257.0

Test Hole 2-81

Location: Otoe County, NE corner SE sec. 17, T. 8 N., R. 10 E.,
approximately 2578 feet north of south section line
and 22 feet west of east section line.

Ground-level elevation: 1152.0 feet above mean sea level.

Started: May 7, 1981. Completed: May 7, 1981.

Total depth: 227.0 feet.

Description Depth, in feet
From To
Quaternary System:
SOil (nO Sample).-.....-......-..o.......-... 0.0 - 3.0
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Description Depth, in feet

From To

Clay, yellowish brown; contains gravel....... 3.0 - 7.0
Clay, yellowish brown; contains sand and

gravVel...ceeeeessosssscocscssssscssanscnscesne 7.0 - 10.0
Clay, light brownish gray, slightly silty.... 10.0 - 17.0
Sand, coarse; contains gravel...ececeeceeceececes 17.0 = 19.0
Clay, tan, slightly SiltY.eeecceceesecsccsssas 19.0 - 23.5
Clay, light DYXrOWn...eeceosceescsccccccccaseasss 23.5 =~ 24.0
Clay, light brown to light gray...eccceceeeceesss 24.0 - 31.0
Clay, medium gray to tan, silty..cceeeeecesess 31.0 - 42.0
Clay, medium gray, SiltVe.eeccececeecocsscaceessas 42.0 - 47.0
Clay, light to medium gray, siltV..eceeceess.. 47.0 - 54.5
Clay, light greenish gray, sSsiltV...ececeeeeees 5H4.5 -~ 59.5
Clay, medium greenish gray, siltV.e.eeeeeeeeass 59.5 =~ 64.3
Clay, medium to dark gray, SiltYV..ceecceecesees ©64.3 = 68.0
Clay, medium gray to greenish gray...ccc..... 68.0 - 79.5
Sand, fine to medium; contains gravel.....o.. 79.5 = 89.0

Pennsylvanian System - Virgil Series - Wabaunsee Group:
Auburn Formation:
Shale, pale 0liVE€.iseeeseesscessccscsccscseccess 89.0 93.0
Shale, light greenish gray...ceececececceccssss 93.0 94.0
Shale, light to medium graye.cececcecesecssacess 94.0 - 103.5
Wakarusa Formation:
Limestone, medium gray, finely crystalline;
contains crinoids, fusulinids, brachio-

pods, and 0Sagi@.ecececcssssccecsssessscceecs 103.5 - 107.4
Soldier Creek Formation:
Shale, mediuM gray..ccccecesccsacecsasssssssseass 107.4 - 108.5
Limestone, medium gray to tan, finely
crystallin@..ieeececesesesceacorsccccsceasonasecss 108.5 - 110.2

Limestone, light gray, finely crystalline,
pseudo-oolitic; contains Osagia and

glauConite.iseeeaceessssssccsssasccasesesss 110.2 - 114,2
Shale, light grayececcsescecsscessccsaccssseeass 114.2 - 117.0
Shale, medium gray...eseecsececcsccesscssacssss 117.0 - 120.1
Shale, light gray.scccecececcsscssccosscsnssesecess 120.1 - 126.2

Burlingame Formation:
Limestone, medium gray to tan, finely crys-

talline; contains fusulinids and Osagia... 126.2 - 127.5
Shale’ ligl‘]t gray.....‘........Q.l........... 127.5 - 128.6

Limestone, tan, finely crystalline; contains
fusulinids, Osagia, glauconite, and
StyloliteS.eeeeeecencscanncssssesssasessss 128.6 - 131.0
Scranton Formation:
Silver Lake - White Cloud Members:

Shale, light greenish gray mottled olive..... 131.0 - 132.8
Shale, light gray.ccececescesccevsescssacsessas 132.8 - 150.5
Shale, light gray; contains brown sandstone

streaks and pyrit€.c.ececccscsccsccacsesss 150.5 = 151.0
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Description Depth, in feet

From To

Shale, light gray; contains brown sandstone

streaks and black carbonaceous material... 151.0 - 163.4
Shale, light gray; contains brown sandstone

StreaKS.seeeeseosceescacocacsssosscsossseasss 163.4 - 179.3
Sandstone, medium to dark gray..c.ececeecececseceess 179.3 - 180.1
Shale, light gray, Silty.ceeceeccccosssceasss 180.1 - 192.0
Shale, medium gray mottled tan; contains

brown sandstone streaks.......ccccceeee... 192.0 - 198.4
Shale, light gray; contains brown sandstone

streaks and trace of coal at 209.0........ 198.4 - 212.0
Limestone, medium gray, very finely crys-

talline; contains brachiopods, crinoids,

And PYTYiteieeeseesssesssvsscsccassosansass 212.0 - 212,2
Shale, light gray; contains brown sandstone

StreaksS.iceeeeeececccccaccccacenncssenesess 212,22 - 214.3

Howard Formation:
Limestone, medium gray, very finely crystal-
line; contains crinoids and abundant
fusulinidS..eeececescoscssscscsasscnscsscee 214.3 - 216.2
Limestone, light gray, very finely crystal-
line; contains crinoids, fusulinids,

Osagia, and pyrite..ceeceeenceeencecaceess 216.2 - 222.4

Severy Formation:
Shale, black, carbonaceOuUS..cccecceccccensceee 222.4 =~ 222.7
Shale, light gray.cecccececccceascccesscsscecsaes 222.7 = 227.0

Test Hole 3-81

Location: Otoe County, NW corner sec. 21, T. 8 N. R, 10 E.,
approximately 138 feet south of north section line
and 18 feet east of west section line.

Ground-level elevation: 1170.0 feet above mean sea level.

Started: May 8, 198l1. Completed: May 8, 1981.

Total Depth: 182.0 feet.

Description Depth, in feet

From To

Quaternary System:

SO0il (NO SAMPle) terevreecsccccssccacaccococosscn 0.0 -~ 6.0
Clay, DrOWn.iceeeesesaseecoscccasooscsoscossnces 6.0 - 18.0
Clay, light brown to tan, sandy...ceeeeceesse 18,0 - 22.0
Clay, gray to tan, sandy.ececececcecescssacceces 22.0 =~ 25.0
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Description Depth, in feet

From To
Clay, tan, very sSandyecececececccscscecsssssecces 25.0 = 32.0
Clay, brown, very sanQyeeceececececscsccescnssssse 32.0 - 44.0
Clay, light brown, sandY..ecececcecseasccescss 44.0 -~ 51.0
Sand, fiNE.ceeceeescesoscsscsscsscssacscscccsccssess D1.0 = 54.5
Clay, light brown, very sandy..ecsceecceecesssss 54,5 ~- 59.0
Clay, light gray, Silty.seececeessccccsccssaas 59.0 - 62.5
Clay, medium gray, very Sandy..ccecceececeeesess 062.5 = 71.0
Clay, dark grayeeccececcscsessscecsecsasssaassss 11.0 = 76.5
Clay, light gray, silty, sandye..ceececeeeceases 76.5 =~ 88.0
Clay, greenish gray, sandyeceececesecccsessss 88.0 - 95.5

Pennsylvanian System - Virgil Series - Wabaunsee Group:
Auburn Formation:

Shale, red..ceceeesoseecsoscocscsssssccnconscsaes I5.5 = 98.5
Shale, olive, mottled vyellow and red......... 98.5 - 100.3
Shale, 0liVe.iieieeesceoaasesecssansvsaossesssa 100.3 - 103.0
Shale, medium GraY.eseceececessscccccsssssacsss 103.0 - 112.8

Wakarusa Formation:
Limestone, medium gray, finely crystalline;
contains crinoids, fusulinids, brachio-
pods, and pyrit@..ececesccccccssceecsacesss 112.8 = 115.0
Limestone, medium gray, finely crystalline;
contains fusulinids, pyrite, and "black

inclusiOIIS"COQO.....I.....'.‘..‘...O..‘... 115.0 - 117.2
Soldier Creek Formation:
Shale, mediunl gray..o.oo-ooooc-ooa-ooo.'.-ooo 117.2 - 118.3

Limestone, light gray to tan, very finely
crystalline; interbedded with shale,

light greenish gray..ccecesecceccecacssssasss 118.3 = 120.0
Shale, reddisSh gray..ccececsesccsscscacesesncessss 120.0 - 121.1
Shale, light greenish gray mottled red....... 121.1 - 121.8
Limestone, light gray, very finely crystal-

line; contains Osagia and glauconite...... 121.8 - 123.8
Shale, light greenish gray.ccceccececcecseesses 123.8 = 127.0
Shale, light gray.ecececesscscceasccacssessas 127.0 - 130.0

Shale, medium gray.----.-.oooooooou.-oooo--o. 130.0 - 135.1
Burlingame Formation:

Limestone, medium gray, finely crystalline... 135.1 - 135.6
Shale, light grayecececsceccscccsccccasacscecaee 135.6 =~ 136.8
Limestone, light gray, very finely crystal-

line; contains glauconit€...eceeeeesceecsss 136.8 - 137.5
Limestone, light greenish gray, finely crys-

talline; contains abundant glauconite..... 137.5 - 139.3

Scranton Formation:
Silver lLake - White Cloud Members:
Sandstone, tan; interbedded with shale,

greenish grayeeececesscescsccsasessccsssses 139.3 - 141.8
Shale, black, carbonaceOuUS...ccecececececeeasss 141.8 == 142,2
Shale, light greenish gray...ceecsceecesceeceses 142.,2 - 145.0
Shale, red..cceececcecccecsceccocsscsccasanssseaeaes 145.0 =~ 149.5
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Shale,
Shale,
Shale,
Shale,
Shale,
Shale,
Coal,

Shale,

Location:

Description Depth, in

feet

From

green mottled red...cceevcccccccceceass 149.5 -
red mottled green..cceececcececcccssss 151.0 -
green mottled red..ceeeecceeeceoccacese 155.3 =
red mottled greeN..cescesccccncsssssses 155.9 -
olive mottled red..eceeeceececcccsecess 158.5 -
MediuM gYa8Y.esooeocescacsasosssesssssseas 159.5 -
blaCKkeeeeeeeeeesassseosssasssscsesasssse 167.2 -
MEediUuM graY.e.coseeecesesscccossocssscses 167.5 -

Test Hole 4-81

Otoe County, SE corner NE NE SE sec. 5, T. 8 N.,

R. 10 E., approximately 2012 feet north of south

To

151.0
155.3
155.9
158.5
159.5
167.2
167.5
182.0

section line and 30 feet west of east section line.

Ground-level Elevation: 1149.0 feet above mean sea level.

Started: May 8, 1981. Completed: May 8, 1981.

Total Depth: 137.0 feet.

Description Depth, in feet
From To
Quaternary System:
Soil (NO SAMPlEe) teeeeevoseaccocssansocnsccsas 0.0 - 3.0
Clay, brown, SiltV.eeececeeccecescesccscccaccccsa 3.0 - 6.5
Clay, light tan, very SiltVeeceeececocecccsnaa 6.5 - 20.0
Clay, light tan, sandy..cecscccecccccscccceasess 20,0 =~ 38.5
Clay, tan, SiltV.ceceececsscecsccovsesccsscscess 38.5 = 43,0
Clay, gray, sandy, Silty.ececeeeccceccaccccseaes 43.0 - 47.0
Clay, medium gray, SandYe.seseescecescccscces 47.0 - 51.0
Clay, light gray, sandy.ceccecececececescsesssaes 5l.0 = 62.0
Clay, medium gray, SandYeseceeccsscscsaccecsssess 62.0 - 69.0
Clay, medium gray; contains gravel...ceeeeess 69.0 = 74.5
Pennsylvanian Series - Virgil Series - Wabaunsee Group:
Auburn Formation:
Shale, 0liVeiieesesscesossosaossnsccsccncsses 14,5 = 76.8
Wakarusa Formation:
Limestone, medium gray, finely crystalline;
interbedded with shale, medium gray....... 76.8 - 79.6
Shale, black; contains carbonaceous
material.eeeeeeeeesosescsccnscacasasscansase 19.6 =~ 80.0
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Description Depth, in feet

From To

Limestone, medium gray, finely to very

finely crystalline; contains brachiopods

and Pyrit@.icececessecoscccsscscscssssccasss 80.0 = 80.4

Soldier Creek Formation:

Shale, Mmedium gray.c.sessocscssescsscsscsacass 80.4 = 82.0
Shale, reddish gray..eececseccececccscscscscacccesss 82.0 = 84,2
Limestone, light gray, very finely

crystalline.ccececceccccssscssccasscecssececes 84.2 - 86.1
Shale, gray tO t@N.eceeecescsccsseccsccccseaess 86.1 - 87.8
Shale, medium gray...seececescsscscacesccccossss 87.8 - 92.0
Shale, dark gray..cececccsccccesssccscanssscecs 92.0 = 98.3

Burlingame Formation:
Limestone, medium gray, finely crystalline;

contains gastropods and pyrit€.....ees.e... 98.3 - 100.4
Limestone, medium gray, variably crystal-

line; contains Osagid...ccecececcceccscsss 100.4 - 101.4

Scranton Formation:

Silver Lake - White Cloud Members:
Shale, medium greenish gray.s.ceeccescecesseese 101.4 - 102.6
Shale, medium 0live gray..ccceeecsseececcesssss 102.6 - 104.3
Shale, grayish red...ccccecescccssssccccsasss 104.3 - 105.0
Shale, light greeN..c.cesceseccsesscescasssssss 105.0 - 108.0
Shale, dark red..cececeecccacssoscesscsasseceess 108.0 - 111.5
Shale, redeeeeececeeosssansssascsssssnssasass 111.5 = 115.0
Shale, red; interbedded with limestone,

LAY eceescacssasssssssssscssssccsscessssses 115.0 - 115.,5
Shale, dark red.ceecececsccscenscscsasosecsassass 115.5 = 118.,0
Shale, 0liVe.iceceeeecassssescscsasscscssscecsass 118.0 -~ 118.8
Shale, medium gray..ceececcsecsscscsssoccesaess 118.8 - 126.7
Shale, light gray..ceecscccccccesccsccceseocsesss 126.7 - 128.0
Coal, blacKk.eeeeeeeseeasosscsacasscsnssaonsnsss 128.0 - 128.4
Shale, light gray.ccccacccceccscsccsccccccsesass 128.4 - 130.0
Shale, mMediuUm grays.ecesecsccsescsossccsscsssss 130.0 - 137.0

Test Hole 5-81

Location: Otoe County, SE corner sec. 4, T. 8 N., R. 10 E.,
approximately 94 feet north of south section line and
15 feet west of east section line.

Ground-level elevation: 1159.5 feet above mean sea level.

Started: May 11, 1981l. Completed: May 11, 1981.

Total Depth: 136.0 feet.
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Description Depth,

in feet

From

Quaternary System:
S0il (nO sample) ..ceceececscssocccccscacocnanss 0.0
Clay, brown, silty, sandy....cceceescecccasccsese 3.0
Clay, light brown, silty, sandy..ceccececccees 6.5
Clay, medium gray to brown, silty, sandy..... 11.0
Clay, brown, sandy.cecececececcecccescsccsesssss 14.5
Clay, brown, very sSandy.sececececececccecsssseces 17.0
Clay, medium gray to brown, sandy..eeeeeseee.e. 24.5
Clay, medium gray, slightly sandye.ceeeeesee.. 38.0

Pennsylvanian System - Virgil Series - Wabaunsee Group:
Emporia Formation:
Reading Member:
Limestone, light gray, finely crystalline.... 43.4
Shale, medium grayescececcscsescsesccsscssssocss 44.9
Limestone, tan, weathered, finely crystal-
line; contains fusulinids, crinoids,
Osagia and manganese staining.....c.cce... 46.2
Auburn Formation:
Shale, OliVe.iieeveeeeeasscsososcscccncscassssanas 48.1
Shale, reQ...eeeeeceesccscsoscssccsssscaasssss 50.1
Shale, red mottled greeN.cceecsecsscsscsessass 58,0
Shale, reQ.ceeecieeosesacssccscencescesssncnsssseces 59,0
Shale, red; interbedded with limestone,
MediUM gYaAYeeeeacocassaccsosasccsssascseasscesas 03.7
Shale, green mottled red.eeseeeeecsceessccescs 66.5
Shale, medium gray.ceccecececescsccccsoeccscscacss 710.8
Wakarusa Formation:
Limestone, medium gray, finely crystalline;
interbedded with shale, medium gray....... 79.3
Limestone, medium gray, finely crystalline;
contains fusulinids and brachiopods....... 80.3
Limestone, light to medium gray, finely
crystalline; contains fusulinids.......... 83.2
Soldier Creek Formation:
Shale, medium gray mottled red...ecesceceseces 84.0
Limestone, medium gray, very finely
crystalline.cceeecececcecaccsaccessccacess 85.3
Shale, medium reddish gray.ccecececeecccececcececees 86.2
Shale, MEdiUM JraAY.seeeocsccaccacscosesscccscssce 87.2
Limestone, light gray, finely crystalline;
contains 0Sagia .seeescccccscscossccccaccses 88.6
Limestone, light gray, very finely crystal-
line; contains glauconit€...cecececseseseses 89.6
Shale, medium gray.cecceeecececssscsscessscaeas 91.8
Burlingame Formation:
Limestone, medium gray, finely crystalline;
contains "black inclusions"....eceeceeee.. 101.2
Shale, medium greenish gray..cscecesceecsesse 103.1
Limestone, light gray, very finely crystal-
line; interbedded with shale, red......... 104.2
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Description Depth, in feet

From To
Scranton Formation:
Silver Lake - White Cloud Members:
Shale, red..eeeeeeoososeosoassssssscensccsssess 106.5 = 107.0
Shale, red mottled gray.eeeeoseecoessscecssesas 107.0 = 109.2
Shale, greeN...cceececceccsccscccscccssssseassass 109.2 - 110.2
Shale, Yed...eeeeeseoesessssssssssssssessnsss 110.2 - 117.2
Shale, red; interbedded with limestone,

MediUM graV.eeesececcssscsccesssssssesseasss 117.2 - 120.1
Shale, light gray.ceeccececcssscsscessscassassss 120.1 - 122.3
Shale, medium gray..cecsececccececceccesssasass 122.3 = 123.1
Limestone, medium gray, very finely crys-

talline; contains Osagia; interbedded

with shale, dark gray.cecsceccocesaseesess 123.1 - 123.3
Shale, light gray.cecccecececcscesccesssccasacsss 123.3 - 129.8
Coal, blacKk.eeeeeevseseseccssscsscssesessecneas 129.8 - 130.2
Shale, medium gray.ceceeceecscacsssecsecccases 130.2 = 136.0

Test Hole 6-81

Location: Otoe County, SW corner sec. 1, T. 8 N., R. 10 E.,
approximately 207 feet north of south section line
and 103 feet east of west section line.

Ground-level elevation: 1133.5 feet above mean sea level.

Started: May 11, 1981. Completed: May 11, 1981.

Total Depth: 205.0 feet.

Description Depth, in feet
From To
Quaternary System:

S0il (NO SaMPle) cceeeeeeccavsscsscacscoscocnnscss 0.0 - 4.5
Clay, gray to tan, Sandy.ccececccccccccascesass 4.5 - 10.0
Clay, gray, silty, Sandy.eceoeeeoscsccccesecess 10.0 - 19.0
Clay, gray to brown, silty, sandyeeeeceeesss. 19.0 - 25.0
Clay, gray, S@QndY.eecccecccsccsscsassasssssssss 25.0 = 32.0
Clay, brown to gray, Sandy.ceeceecescesccscecssess 32.0 -~ 38.5
Clay, gray, Sa@ndyececcoeccsccccsacssrsssscsssssea 38.5 - 47.0
Clay, gray, very silty, sandy.ececececseceesesss 47.0 = 105.5
Clay, dark gray, very silty, sandy..eceeese... 105.5 - 108.9
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Description Depth, in feet

From To

Pennsylvanian System - Virgil Series - Wabaunsee Group:
Burlingame Formation:

Shale, gray to dark grayeeeceeeeessescecsossessss 108.9 - 109.3
Shale, OliVe..ceeeeeecesssssscsassssssssssssass 109.3 - 110.2
Shale, olive, interbedded with limestone,

JYAY e eeecseosvsssssnsscnnssssssnsscasssssses 110.2 - 111.4
Shale, NediUM graYeeccessecccesssossasssscessss 111.4 - 112.1

Limestone, gray to tan, variably crystal-
line; contains glauconite; interbedded
with shale, 0liVe.iceeeecesseoseccacenseeaes 112.1 - 113.0
Scranton Formation:
Silver Lake -~ White Cloud lMenbers:
Shale, light green...ccceccecsccscsssssssasss 113.0 - 114.8
Shale, blaCKk..ceeeeseseoesccssccscssnssssssss 114,8 - 115.4
Shale, medium greenish gray...ceccececeeescess 115.4 - 123.5

Shale, red mottled gre€N...cceceeccceccsscsases 123.5 - 134,2
Shale, light gray...c.eececescceccocsccccseeasess 134.2 - 139.5
Coal, blacKk...cceeeesceecsoccsocscssocsssscsses 139.5 - 139.9
Shale, light gray.cccececeecceccscsscssssssess 139.9 - 167.0
Shale, medium gray.ceeceecocecscccscecssseasssss 167.,0 - 188.3

Howard Formation:

Limestone, light gray, finely crystalline;

contains brachiopods; interbedded with

shale, Medium gray.ceeeecescsccccscscsssecsss 188.3 =~ 190.4
Limestone, medium gray, very finely crystal-

line; interbedded with shale, medium

YAY ecesssesscacscsssesscsassassssccscsassssse 190.4 - 190.7
Shale, medium grayececsesssacsscessssssssssessss 190.7 - 193.4
Limestone medium gray, very finely crystal-

line; contains fusulinids, Osagia, and

"black inclusions"..ccceeececcccoccccsacaass 193.4 - 194.7
Limestone, light gray to tan, very finely

crystalline; contains fusulinids, Csagia,

and coarsely crystalline calcite streaks.. 194.7 -~ 198.6

Severy Formation:
Coal, blacKk.iieeeeceeeesocsseseasaanccnsanseaass 198.6 - 199.4
Siltstone, light gray.seceeecceesesssccccassasss 199.4 = 205.0

Test Hole 7-81

Location: Otoe County, NE corner SE NE sec. 14, T, 8 N.,
R. 10 E., approximately 1920 feet south of north
section line and 19 feet west of east section 1line.
Ground-level elevation: 1124.5 feet above mean sea level.

Started: May 11, 1981, Completed: May 11, 1981.

66



Total Depth: 130.0 feet.

Description Depth, in feet

From To

Quaternary System:

S0il (NO SAMPle) ceeeeescceseossscssccsasscsans 0.0 - 6.0
Clay, medium gray, very Sandy.ceesececceeases 6.0 - 10.0
Clay, tan to medium gray, sSandy..cecceeeeceess 10.0 =~ 15.0
Clay, tan, sandyeeececececsssecsscscscssscccsaess 15.0 = 17.0

Pennsylvanian System - Virgil Series - Wabaunsee Group:
Willard Formation:
Shale, medium gray; contains sandstone
StreakS.ceeeseeeccessscccescscsassccsccnsasess 17.0 - 23.0
Shale, light gray:; contains sandstone
StreakS.eeeeeeecacescescsccccsocassssesnes 23.0 ~— 32.0
Shale, medium gray.sececsccesssccscsesssssesssss 32.0 = 44.5
Shale, medium gray, Sandyeeececeecceccccossecs 44,5 =~ 48.5
Shale, medium greenish grav...eccecccecsceasess 48.5 =~ 51.0
Shale, green mottled red.......ccceeeeesscesass 51l.0 = 52.0
Shale, red and greenN...cceeessesseoccccscanssas 5H2.0 - 53.4
Emporia Formation:
Elmont - Reading Members:
Limestone, medium gray, finely crystalline,
pseudo-oolitic; contains glauconite and
PYYiteeeeeaneeconsvescosssscacassscsassaceass D5H3.4 - 54.2
Shale, red..c.ccccecceecaccscencsanssnssccsscsasse H4.2 =~ 56.4
Shale, medium gray; interbedded with lime-
stone, Medium gray.ceceeceosesccscscccsaccsss D64 = 56.8
Limestone, light gray, very finely crystal-
line; contains Osagia and coarsely crys-
talline calcite streakS..eeeceeceecccssseess D5H6.8 - 58.5
Shale, medium gray..ececececccssscscscscscsccanssnss 58.5 = 59.8
Limestone, light gray to tan, very finely
crystalline; contains brachiopods, 7
fusulinids, Osagia, and glauconite........ 59.8 - 62.2
Auburn Formation:

Shale, light gre€n...ccececeecscccscscacsscess 62,2 = 63.5
Shale, Yed.ieeeeeeeeosscosscsasccssestocccacneaaee ©063.5 = 71.2
Shale, red mottled green...eceeeceesecccnsaas 71.2 = 71.6
Shale, rede..eceeeeessscesossssssssescesnsnncses 11.6 - 77.5
Shale, red, very sandy..ceceecececescccscecccscnee 17.5 =— 81.0
Shale, 0liVeieieceteeseoescsscscoscnscscnsecsses B81.0 - 83.6
Shale, grayish GreeN.ceeeceesssssccscsccsacsss 83.6 -— 85.2

Shale, medium graY.ecececcscosasassscsccsccccasces B5.2 = 93.3
Wakarusa Formation:
Limestone, medium gray, finely crystalline;
contains brachiopods, fusulinids, and
PYrite.ieeieeeeeeeseesceaanscsconsansnsess 93.3 - 93.9
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Description Depth, in feet

From To

Limestone, medium gray, finely crystalline;

contains brachiopods, Osagia, "black

inclusions," and abundant fusulinids;

interbedded with shale, green.......c.ce.. 93.9 - 98.2

Soldier Creek Formation:

Shale, mediuUm gYaY.cececeesscccsesassssscsssssess 98.2 = 100.7
Shale, light grayish greeN..ccceceescscecesass 100.7 - 103.2
Limestone, light gray to tan, finely

crystalline; contains Osagida..eccececcea.. 103.2 - 105.1
Shale, medium gray.ssecsesceeesssscccacssssseaes 105.1 - 107.8
Shale, medium 0OlivVe GYa@Yeeeiesoessoeessseacssss 107.8 - 110.5
Shale, mMedium gray.seeeseccescscssscscocesseses 110.5 - 116.1

Burlingame Formation:
Limestone, light greenish gray, finely
crystalline; contains glauconite, pyrite,
and "black inclusions”.....ceeecesccceesss 116.,1 - 119.9
Scranton Formation:
Silver Lake - White Cloud Members:

Shale, medium greenish gray..ccececeececssasesss 119.9 - 121.2
Shale, blaCK:.eeceeeeeecseonsossesnssscsssanass 121.2 - 122.7
Shale, grayish green..c.ceccecccececcccssecsess 122.7 - 127.5
Shale, light green..ccceeccececececacesceacesss 127.5 = 130.0

Test Hole 8-81

Location: Otoe County, SW NW SW sec. 7, T. 8 N., R. 11 E.,
approximately 1700 feet north of south section line
and 20 feet east of west section line.

Ground-level elevation: 1093.0 feet above mean sea level.

Started: May 13, 1981. Completed: May 13, 1981.

Total Depth: 122.0 feet.

Description Depth, in feet

From To

Quaternary System:

S0il (NO SaAMPle) cecescesscccascescsassassassas 0.0 - 4.0
Clay, light brown, sandy.cececececesccsscccscas 4.0 - 11.5
Clay, light brown, very sandy.eeeeeccecesseesas 11.5 = 15.5
Clay, brown, sandy, siltV.eeeeeescecsacencass 15.5 - 21.0

21.0 - 26.0

Clay, brown, Sandy.-..-......--..----ooo....o
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Description Depth, in feet

From To

Pennsylvanian System - Virgil Series - Wabaunsee Group:
Auburn Formation:

Shale, red, very sSandy..ccecesscecsccsssssesss 26.0 =~ 27.2
Shale, red, and siltstone, red..cceceececeeeees 27.2 =~ 32.7
Shale, OliVe..cetreeesesceccesssccsaccsoanaeee 32.7 = 35.0
Shale, greenish gray.ccececessccccsessscseacs 35.0 = 36.8
Shale, mediUM graY.sesccceccccacscsssssscsecss 36.8 = 41.2
Shale, medium gray; contains abundant
PYTLltCeeeeeecsasasecsnssansssssssscsssnnsas 41.2 = 47.2

Wakarusa Formation:
Shale, medium gray; interbedded with lime-

StONe, gray.cccecececcccccccsccacccosccssas 47,2 - 48.1
Limestone, medium gray, finely crystalline;

contains brachiopOdS.:.cceeeceecccceecssacess 48,1 = 49.4
Shale, blacCKk...cceeeteeseasscsassscescscneasas 49,4 - 49.5
Limestone, medium gray, finely crystalline;

contains brachiopodS....ceececceececceeees 49.5 - 50.6
Shale, blacKk..iceeeecescecccsescssscsnscesesnass b6 ~- 59.8

Limestone, medium gray, finely crystal-
line; contains fusulinids and

krachiopodS..ceeesceceescssscssssscssaseses 5H0.8 = 51.9
Soldier Creek Formation:

Shale, light gray..cecceccescceccesssccassenaaes 5l.9 = 53.4
Limestone, light gray to tan, very finely

crystalline; contains fusulinids.....¢e... 53.4 - 53.9
Shale, red...eceoececesacosnnssccescoscsancssanss bH3.9 -~ 55.0
Shale, red mottled gre€N..cececescscccsssssees H55.0 = 56.1
Limestone, light gray, very finely crystal-

line; contains 0SA@gi@.cccaceccascsscseeass DHD6.1 - 57.0

Limestone, light greenish gray, very finely
crystalline; contains fusulinids, Osagia,

and glauconit@..ceecoscccccscccesccacsseaaes 57,0 = 59.6
Shale, light greeén...c.ceceecececcecssccacsass 59.6 =~ 60.2
Shale, light gray.ccccecceccesccccceasccsssscsaaas 60,2 = 62.3
Shale, 0liVe grayeceecceccscsccsscssscssscnaaes 62,3 -~ 63.0
Shale, medium gray..ceececesccecsccescscsnsassas 63.0 = 71.2
Shale, medium to very dark graV.eeeeseeaseses 71.2 = 71.4

Burlingame Formation:
Limestone, medium to dark gray, finely
crystalline; contains 0S@gl@.secececcacsee 71.4 =~ 71.6
Limestone, medium gray, very finely crystal-
line; contains "black inclusions" and
PYYitEeieeeeaeeasesssacsasesassanasensannse 711.6 =~ 73.0
Limestone, medium gray, finely crystalline;
contains fusulinids, Osagia, glauconite,
pyrite, and "black inclusions"......ecc... 73.0 - 74,2
Limestone, light greenish gray, very finely
crystalline; contains Osagia and
glauconite..ieceeceecaccsascccnsscccesacnceae 14,2 = 75.1
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Description Depth, in feet

From To
Scranton Formation:
Silver lLake - White Cloud Members:

Shale, light grayish green....ccecceeseccecess 75.1 - 75.6
Shale, dark graye.cceeecscecssesasscrccasscacaoce 15.6 ~— 77.5
Shale, 1MmediUM graAY.e.cesseecesessscscscossccssacs 171.5 ~— 79.0
Shale, light green....cceceeececsccccccsccsseess 719.0 - 84.4
Shale, ¥ede.eceeeeseenssancensccscssacsasecsess 84.4 - 87.8
Shale, red; interbedded with limestone,

JrAY eoeesssscacssnssssssscscsacssssoccsossssaccs 87.8 -~ 90.1
Shale, red mottled gre€Nicecccacescsevcceanses 90.1 - 90.3
Shale, red...ccceeeeassasescossscsssscssasssssee 90.3 - 92.0

Shale, red . mottled greenN...cceveccscccccacsss 92.0 - 93.5
Shale, light graye.ccecaceccecccsascscccssscsnseess 93.5 -~ 95.1
Limestone, medium greenish gray, medium

crystalline; contains abundant

brachiopods.'........I......I..........-.I 95-1 - 9504
Shale, medium gray-.-.-noo-ooo-.oo-o.o-c---oo 95.4 - 96.5
Coal, blaCk.....-..........--....-........... 96.5 - 97.0
shale, light greenish gray....‘-...‘......... 97.0 - 102.4
Shale’ black..I."..........Q...l.’.......... 102.4 - 102.6
Shale' light gray.o.oo-oooo-.ooooooooo.o..ooo 102-6 - 122.0
Test Hole 9-81
Location: Otoe County, NW NE NW sec. 19, T, 8 N., R. 11 E.,
approximately 19 feet south of north section line
and 1775 feet east of west section line.
Ground-level elevation: 1160.0 feet above mean sea level.
Started: May 13, 1981. Completed: May 13, 1981.
Total Depth: 120.0 feet.
Description Depth, in feet
From 29
Quaternary System:
Soil (no Sample).‘......l......"....'0.0.... 0‘0 - 3.0
Clay, brown, sandy...ccececeecscscasccsscssssas 3.0 - 4.5
Clay, medium gray to brown, sandy...ecceeeecese 4.5 - 6.0
Clay’ light brOWn, Very Sarldy-o.noo--oo-oo-oo 6.0 - 8.0
Clay' olive, sandy........'O.........l.".... 8.0 - 10.0
Clay, tan, sandy.oooococco..o'c.ooo--o.occ-o. 10.0 - 10.5
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Description Depth, in feet

From To

Permian System - Big Blue Series - Council Grove Group:
Red Eagle Formation:
Bennett Member:

(o sample).ccceecccccccarecasccsssssssanasss 10,5 = 15.5
Glenrock Member:
(NO sampPle) cecececcccscecssesssaascssacnsaceas 15,5 =~ 17.0
Johnson Formation:
(NO sample).cceeccccvsocscscossascnssscccsssnse 17.0 - 20.0
Limestone, olive to medium gray, very finely
crystalline..cceccscececscscscceccnccsanncaeaes 20.0 = 21.0
Limestone, light gray, very finely
crystalline..ccecceececccccecsosccncceesseaee 21.0 - 23.0
Shale, grayish green...cceecescssscscccccssssees 23.0 - 23.5
Limestone, medium greenish gray, very finely
crystallin@..ceeececceccceccenscncocccnsscoss 23.5 -~ 24.0
Limestone, gray to pale red, very finely
crystalline..ceececececceasacncssacacsscnaas 24,0 - 27.4
Shale, greeN.scccscacsaassasasscsssscccccncnees 27.4 - 27.5
Shale, tan, liMYe.cccccceesecccssccssaancsssses 27.5 =~ 28.5

Foraker Formation:
Long Creek Member:

Limestone, tan, very finely crystalline...... 28.5 - 30.0
Limestone, medium gray, very finely
crystalline..ceeeecccacecncccessccnsasasss 30.0 - 30.4
Limestone, tan, very finely crystalline...... 30.4 - 32.5
Limestone, medium gray, finely crystalline... 32.5 - 34,0

Hughes Creek Member:
Shale, dark gray; interbedded with lime-
stone, medium graye.ceceeesocescescesssesssss 34.0 -~ 38.8
Limestone, medium gray, medium to finely
crystalline; contains fusulinids,

brachiopods, crinoids, and Osagia......... 38.8 =~ 41.1
Shale, light gray.ceececeeccecscsscccccsscsansss 41.1 - 41.8
Shale, medium gray; interbedded with lime-

stone, medium gray...cceecececccocceccseses 41.8 - 45.0
Shale, medium to dark gray..eceseececsccceccess 45.0 =~ 47.5

Limestone, light gray to medium gray, finely

crystalline; contains brachiopods,

fusulinids, and pyrit€.cececeecccccccoccssss 47.5 = 48.4
Shale, light gray.ccecsccceccessscccaconsssecess 48.4 -~ 50.0
Limestone, light gray, finely crystalline;

contains brachiopods and crinoids;

interbedded with shale, light gray........ 50.0 - 51.6
Shale, light gray.ecccsccececcccsesccacceossoscssases 5Hl.6 =~ 52.0
Shale, light grayish greel...sceccecencscscces 52.0 = 53.9
Limestone, medium gray, finely crystalline... 53.9 - 55.1
Shale, very dark gray.ceeeseeccecesscscessaes 55,1 = 56.8
Limestone, medium gray, finely crystalline;

contains Osagia and "black inclusions".... 56.8 - 58.4
Shale, medium gray..cceeccscesesasascsccscacsase 5H8.4 = 59.0
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Description Depth, in feet

From To
Limestone, dark gray, finely crystalline;
contains Osagid...cceeeteeceascecnsecaness 59.0 = 59.2
Shale, mediuM graAY...ceessesecsssseeccscacseass D9.2 - 60.7
Limestone, medium gray, finely crystalline... 60.7 - 61.1
Shale, medium gray..cceceecesscsssesccsscssececss ©0l.1 -~ 61.6

Limestone, medium gray, medium crystalline;

contains brachiopods, crinoids,

fusulinids, and Osagia..ceecececeacececccesas 6l.6 - 63.3
Limestone, medium gray, finely crystalline;

contains crinoids, fusulinids, brachio-

pods, and "black inclusions”......¢cc0e... 63.3 - 64.0
Limestone, light gray, finely crystalline;

contains abundant crinoids; interbedded

with shale, medium gray...cescececscccecees ©64.0 ~— 64.5
Shale, medium to very dark gray...ceceeeceees. 64.5 -~ 65.0
Limestone, medium gray, very finely

crystalline...ceeeecececccncccccccccceccenss 65.0 - 65.6
Shale, medium to dark gray..eceeeecececcsscssseas 65.6 - 65.9
Limestone, medium gray, finely crystalline... 65.9 - 67.1
Shale, medium greenish gray..scceseceeceecassess ©67.1 =~ 68.1
Shale, medium gray.ccceececsesscccccessccsscesa 68.1 -~ 69.0

Limestone, medium gray, finely crystalline;
contains brachiopods, Osagia, and "black

inclusions ". ® © & &6 @ % & 5 9 0 & & 00 0 0 9 S SO0t e et e 69.0 - 71.4
Shale, medillm gray..............--........... 71.4 - 74.1
Shale, black. ® 0 & © © 0 O " 08 8 00 0 SO O 0SS 8Os 9 e 0 74'1 - 74. 3

Americus Member:
Limestone, medium gray, very finely crystal-
line; contains brachiopods, bryozoans,
and black carbonaceous material....eeeecee. 74.3 -~ 75.8
Shale, dark grayecccececesccceccsssssscccccsssseas 15.8 - 76.8
Limestone, light gray, finely crystalline;
contains crinoids; interbedded with

shale, dark gray..cccececcececscccssssasssssss 16.8 ~— 77.0
Limestone, medium gray, finely crystalline;

contains brachiopods and fusulinids....... 77.0 - 77.3
Shale, medium to dark gray..cececeeccsceescees 717.3 ~— 77.7
Limestone, light gray, very finely crystal-

line; contains brachiopods and crinoids... 77.7 - 78.1

Admire Group:
West Branch - Hamlin Formations:
Shale, light gray.eeeoeeecececsesccccscscasceceess 78.1 - 82.3
Limestone, medium gray, very finely
crystalline..cceeececcecesoccssccnseasscess 82,3 - 82.6

Shale, medium gray..ceeeescessscecssasssnssses 82,6 =~ 88.1
Limestone, medium gray, very finely crystal-

line; contains pyrite...c.eeeeeceecesceses. 88.1 =~ 88.3
Shale, medium gray..cceccecesecesccscssccacasaes 88.3 -~ 88.9
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Description

Limestone, medium gray, finely crystalline;
contains brachiopods, Osagia, and pyrite..
Shale, green....ciceesecccesccssccscssssocscscs
Shale, reddish green.:..ceccececceecscscesscccsse
Shale, greeNn.e.cecececsscscaccassasssssssansscs
Limestone, cream, very finely crystalline....
Shale, green..cceeecececacosccceccecscscscaccsnsns
Shale, red....eeeeeosesesasescscasssccscscnans
Shale, MeAlUM graY.ceeccesssccocscscascsssnscs
Limestone, light gray, very finely
crystalline..ceeeeeceececccocsccoscensncccs
Shale, grayish greeN..eeececececcscscsssassecsss
Shale, red....ceceeersecssasssoscassasscsscnsnses
Shale, 0liVe..ceeeeteoencsscsnscccnsnscacsne .o
Shale, red mottled greENececesceccsscsccanns e
Shale, 0liVe..eeeeeeseessancsossssassssssnans
Limestone, very light gray, very finely
crystalline; contains glauconite..........
Shale, red; interbedded with limestone,
gYaYeoeososoes cesssssessseecassccsscsccnnans
Shale, OlivVe.eieeeesssssasocscasssosssssssssss
Shale, green; interbedded with limestone,
JLAY o eeeeaccsassoscsasososscssasssscoasassscs
Shale, red..e.eeeeeoosecsossssccsscsssscsssosnas
Shale, greeNicccsecececssscssseacasssassscsssassas
Shale, OliVe..cceeeeeessacscesacsnacssssccsssss
Shale, MeAiUM gYAYeeeeeceosescscancccscsssccnsoss
Shale, greeN.cccsecscesssscccscsacsssccscascscs
Shale, light gray.eccescecceccecscscccscscssccasss
Shale, dark greeN..ecceecececcccscscccescsacasssscs
Shale, green; interbedded with limestone,
GYAY e oooecaonscnsssncssscseccsassossesasasncnas
Shale, red mottled gre@N...cccevevecccsscscsns
Limestone, light greenish gray, very finely
crystalline; contains glauconite€......c...

Test Hole 10-81

Location: Otoe County, NE corner SE sec. 30, T. 8 N.,

Depth, in feet
From To
88.9 - 90.1
90.1 - 92.0
92.0 - 93.8
93.8 - 94.7
94.7 - 95.8
95.8 - 96.0
96.0 - 97.0
97.0 - 97.4
97.4 - 98.0
98.0 - 98.4
98.4 - 99.0
99.0 - 99.5
99.5 - 100.0

100.0 - 100.3
100.3 - 102.5
102.5 - 104.0
104.0 - 104.4
104.4 - 106.2
106.2 - 108.2
108.2 - 109.0
109.0 - 109.8
109.8 - 111.0
111.0 - 112.1
112.1 - 113.8
113.8 - 114.5
114.5 - 115.8
115.8 - 116.9
116.9 - 120.0
R. 11 E.,

approximately 2463 feet north of south section line

and 20 feet west of east section line.

Ground-level elevation: 1136.5 feet above mean sea level.

Started: May 14, 1981. Completed: May 14, 1981.

Total Depth: 130.0 feet.
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Description Depth, in feet

Quaternary System:
S0il (NO SaMPle) ieeeececssecssscanssscsssnsscs 0
Clay, tan, sandy..ceececee. cerecsscessecaconnsas 3
Sand, MediUN..eeeeoosescesscsoascsosccscscssssascs 8
Clay, tan, Sandy..cccccescecscesccaccscacsccccse 8
Clay, brown, sandy...cceecececcccosccsacccas eee 21
Clay, tAN..c.eeeeeecececsssassssesscccccccseccae 20
Clay, Drown.....ceeeeecescsosscccsccanccasnnss 28

Permian System - Big Blue Series - Council Grove Group:
Foraker Formation:
Hughes Creek Member: '
Shale, olive; interbedded with limestone,

gYaYeeoeoceon cectccsscscssscesessanoes eeee. 32.0 - 34.3
Shale, olive gray; interbedded with lime-

StONE, graY.eceessccsoseccsacscsaccccnsss ese. 34.3 - 37.5
Limestone, medium gray, finely crystalline... 37.5 - 37.9
Shale, 0liVe.ce.veteeeececsccensssccacsosnasene 37.9 = 38.6
Limestone, tan, finely crystalline; contains

brachiopods and "black inciusions"........ 38.6 - 39.0
Limestone, medium gray to tan, finely crys-

talline; contains brachiopods and "black

inclusions”..i.eeeeeceecscescscccansencsess 39.0 - 40.1
Shale, olive; interbedded with limestone,

GYAY eeseooeocssssssscsssssssoscenssseascscsss 40.1 - 41.0
Shale, dark gray.eecceeccececsasscccesscscssssocsss 41.0 - 42 .4
Limestone, medium ¢gray, finely crystalline,

pseudo-oolitic; contains brachiopods...... 42.4 - 43.0
Shale, medium gray..esoeececesescsscscccscssscsss 43.0 - 43,1
Limestone, medium gray, finely crystalline;

contains 0Sagid.c.ceeecerececccaccesnsoaess 43.1 =~ 44.8
Shale, mMedium YraY..ecoeoeeecessscsssscsecsscosss 44,8 =~ 47.8
Shale, black.....eeeeeseeccsssssssoccceacsaoneces 47.8 - 48.2

Americus Member:
Limestone, medium to dark gray, very finely
crystalline; contains fusulinids and
brachiopOdS.ieececccecccsescasscncsssnseas 48,2 = 49,2
Shale, dark gray...cececececscsssccssccsnseas 49,2 - 50.1
Limestone, medium gray, very finely crystal-
line; contains fusulinids and brachio-

POUS e eeereeeosnoosscesssnssscscsoonnsesnnsess D01 - 50.2
Shale, dark grayeeceeecsecesscesscsacessanesnssessas D02 - 50.7
Limestone, medium gray, very finely

CrystallinC.ceeeseecsecseseccasscosnnnennsssa 50,7 = 51.3
Shale, dark gray....... cecesescesescsacnessess Hl.3 - 51.5

Limestone, medium gray, finely crystalline;
contains brachiopods.....veeeeeseecsesseaes 5HL.5 = 52.0
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Description

Admire Group:
Hamlin Formation:
Oaks Member:

Shale, Medium gray..cecesceesccscsssoscsassonecs

Limestone, medium gray, very finely crystal-
line; contains CrinOidS..ccececececcosncces

Shale, MediUll graAV.cceeseeesecccoscsoscsccnncos

Limestone, medium gray, very finely crystal-
line; contains fusulinidS...eceeeeeeaceses

Shale, light green..cececececscecsceccsoncns .

Limestone, very light gray, lithographic;
interbedded with shale, greeh....cceescess

Shale, green tO grayY.e.escecscsscsescnasscnseccses

Shale, red mottled gre€n...c.ciccecceccecsccacs

Shale, GreeN.iceeecececssasecascesossssscsscsnnaans

Shale, dark gray.eecececescscseccccccssssaccssas

Houchens Creek Member:
Limestone, light gray, finely crystalline....
Stine Member:

Shale, OliVe graAY.eceesscccescssscsssccccanssccas

Shale, green..ccececsscsscessssesssssasacscnea

Limestone, medium gray, finely crystalline...

Shale, red mottled gre€N.ceeceececcsaccccccas

Shale, light gray.e.ccececsceacescccscssccccasssssns

Limestone, light greenish gray, finely
crystalline; contains Osagia and abundant
glauconite.ceeeeececccscaceaccossassaccccans

Shale, medium 0livVe graV..eeeeceessessoesnoeces

Shale, O0liVE.ieeeeteacssssesscsnsccssscsnssaes

Shale, MEdAiUmM Gray..ceoeccessscsscssccscocaccacs

Shale, dark graVecccessseceasasecssccsrssansans

Five Point Formation:

Limestone, light gray, finely crystalline;
contains crinoids, brachiopods, Osagia,
and glauconite..eeeeeeseeacsoccscsacascoas

West Branch Formation:

Shale, light gray..ccececesccacssscccassscass

Shale, GreeN..ccceescecesessssscccscssassacccas

Shale, reddisSh graYeeeeececescsasasssessasscnsecs

Limestone, light gray, very finely
Crystalline..cciseeeecesancaseccacsnsssaonanes

Shale, light greeN.cscecsecessessscssssssscssces

Shale, light gray.eceeecescscssscossccscnscancocs

Shale, blaCKk..eeeeeceeoetscesoasscscscasacacas

Shale, light gray.ceecececcecececcscesccscnnas

Falls City Formation:
Lehmer lMember:
Limestone, light gray, very finely crystal-

line...o....-.......-.....-.--.......--...
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Depth, in feet
From To
52.0 - 57.1
57.1 - 57.8
57.8 - 58.5
58.5 - 59.6
59.6 - 62.0
62.0 - 63.5
63.5 - 65.0
65.0 - 66.8
66.8 - 67.5
67.5 - 69.3
69.3 - 70.1
70.1 - 72.0
72.0 - 72.7
72.7 - 73.8
73.8 - 74.7
74.7 - 75.9
75.9 - 77.2
77.2 - 78.8
78.8 - 79.8
79.8 =~ 81.5
8l.5 = 85.0
85.0 -~ 86.2
86.2 - 88.1
88.1 - 89.3
89.3 - 21.0
91.0 - 92.1
92.1 - 93.4
93.4 - 100.0

100.0 - 100.5
100.5 - 102.1
102.1 - 104.0



Description Depth, in £

eet

From

Limestone, medium gray, very finely crystal-

line; contains pyrite and "black

inclusionsS"...icceecscesccacesscsscsssscscas 104.0 -
Shale, light grayish green; interbedded with

limestone, light grayvecceccecsccececosceess 107.0 -
Reserve Member:
Shale, medium gra@y.eeeseecssseccsscecssecssssssss 108.9 =~
Miles Member:
Limestone, medium gray, very finely
Crystalline@.ceeececescssssccccsssssccsssass 110.2 -~
Onaga Formation: :
Shale, medium gray...ceeeecseesscccsccsseaecssss 111.0 -
Shale, green; interbedded with limestone,

JYaY eoosocecsassssessscssscccscscsssssesnssss 111.4 -
Shale, light greeN.:.cccecssessscccssscseccases 112.0 -
Shale, very light green....cceceececeecesscsses 113.0 -
Shale, greeN..ccscecacscssscsscsasccsccssssses 115.0 -
Shale, rede.eeeeeecescssssessssscassanssanass 117.4 -~
Shale, OliVe.eeeceescscscsscssccacsscenassassess 119.7 =~
Limestone, light greenish gray, very finely

Crystalline..ceceecescscecscccosssccncecssessss 119.9 =
Shale, reld..eceeeeesacscacscscosnsnssasssscsssese 120.7 =~
Shale, light gray.cccecccecascecccsccccscssssasss 124.5 =~

Pennsylvanian System - Virgil Series - Wabaunsee Group:
Wood Siding Formation:
Brownville Member:
Limestone, light gray, finely crystalline;
contains 0Sagi@eecececcecsoscscsccscssscses 127.7 -
Shale, light gray...cecesecscscccssaccsscasees 129.4 =~

Test lole 11-81

Location: Otoe County, SW corner sec. 25, 7. 9 N., R. 11 E.,
approximately 205 feet north of south section line
and 21 feet east of west section line.

Ground-level elevation: 1239.0 feet above mean sea level.

Started: May 14, 1981. Completed: May 14, 1981.

Total Depth: 302.0 feet.
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Description Depth, in feet

Quaternary System:

S0il (NO SAMPlE) ceeeeeeccsecesccoscscnnnnecns 0.0 - 3.0
Clay, tan, sSiltV.eeececcaoccncccossascacnscanece 3.0 - 5.0
Clay, tan, silty, Sandyecescecccecescscccanace 5.0 - 12.0
Clay, red, sanGy..cceeeccssssscescsscscncsceaecss 12.0 = 17.5
Clay, tan, sandy..cecececececcecscsssssscsseasass 17.5 = 25.5
Clay, light greenish gray..eececececesccesceces 25.5 = 32.0
Clay, medium gray, very SandY.eeceeccseeacsssasese 32.0 - 37.0
Clay, gray to brown, sandy..e.eseeeeccecsessees 37.0 ~- 45.0
Clay, light grayish green to brown, sandy.... 45.0 - 47.5
Clay, gray to olive brown, sandy.eeeecesseece. 47.5 - 55.0
Clay, olive, sandy...ccscccccccaccccccesasncsss 5H5.0 = 70.4
Sand, very fine.....ccceceeesceccccccccsccceass 70.4 - 77.0
Sand, fiNe...ceeveescssossecscscscscscsccsncessss 77.0 - 107.0
Sand, very fine..eeieeecascccacscsaseaacnsesnss 107.0 - 115.5

Sand, fin€...eeeeeeccrsscsssasnsssccsannsansas 115.5 = 131.0
Sand, fine, very SiltVeececeecsceeacsasecasass 131.0 - 137.5
Clay, medium gray, sandy, Siltye.eeeeeeeesaee. 137.5 = 173.0
Clay, medium gray.eeesceseseesccacscsacecscacases 173.0 - 182.0
Sand, COAYSE..ccecccssssccscssscsnsascnsssssass 182.0 - 185.0
Sand, coarse; contains gravel....ceeeeeeeesss 185.0 == 195,2

Pennsylvanian System - Virgil Series - Wabaunsee Group:
Willard Formation:
Limestone, medium to dark gray, finely
Crystallin@.ceseececscsceanscnsoscccssncsss 195.2 == 197.0
Shale, light gray..ecceeeccesccccsccescccancecssss 197.0 - 200.6
Shale, MECLiUM graY.ssesecccssscscccsccsssasecss 200.6 -~ 201.1
Shale, light greenish gray.e.ecceeecceeecacsces. 201.1 - 203.0
Shale, dark redeeeecececcceesacanssacasssases 203.0 =~ 204.4
Shale, grayish green...ccceeecceccaccscsceasess 204.4 - 205.4
Emporia Formation:
Elmont - Reading Members:
Limestone, light gray to pale red, very
finely crystalline; contains crinoids..... 205.4 - 208.3
Shale, OliVe.iceeeeesssssnocassssssscsnsesssss 208.3 ~— 209.6
Limestone, light gray to tan, very finely
crystalline; contains Osagia...c..ceeeeee. 209.6 - 211.0
Shale, light gray...cccceececececccccceaesessss 211.0 - 211.8
Limestone, very light gray, very finely
crystalline, pseudo-oolitic; contains
brachiopods, crinoids, Osagia, and
glauconite.cceeeoceeceasccssccsscancseassas 211.8 = 214.4
Limestone, light gray, finely crystalline;
contains crinoids, bryozoans, and

Osagia....Q...l.....Q...'.Q.............l. 214'4 - 215.5
Auburn Formation:
Shale, light grayish green mottled red....... 215.5 - 218.0

Shale, red.............-...--................ 218.0 - 234.0
Shale' Oliveo-cocooococoooo.oo--o..o.nco..ooo 234.0 - 235.6
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Description Depth, in feet

From To

Shale, Medium graV.ecececsesceccccesencscoases 235.6 = 239.8
Sandstone, t@Neceeeecseecscocsscsssassccssseses 239.8 - 240.0
Shale, MEGLlUM graAY.ecososceccccsccssessscsassas 240.0 - 248.1
Wakarusa Formation:
Limestone, medium gray, finely crystalline;
contains CrinoidS..c.cecescscsocccasssaecass 248.1 - 248.9
Shale, Mmedium graY.ceecocescseceaceccssccssassss 248.9 - 252.1
Shale, DlaCK...eececeescoescasosscsssccnssessss 252.1 - 252.2
Limestone, medium gray, finely crystalline;
contains brachiopods, pyrite, and "black
Inclusions” .i.cieeeeeeeesecsseasscascseansnsss 252.2 - 253.0
Soldier Creek Formations:
Shale, licdht gray..cccecescscscsseccsscnaseass 253.0 - 257.0
Shale, red...iieceeeeeessecocasasescscsnasnees 257.0 - 258.9
Shale, mediumM graYe..cceessssscesscscnssnsessessss 258.9 - 259.3
Limestone, very light gray, finely crystal-
line; contains Osagia and glauconite...... 259.3 - 261.6
Shale, light grayish green......ececeeceeeeas 261.6 - 262.4
Shale, Yed..ccseeeeecessssscsscssasssccssssss 262.4 - 266.0
Shale, light gray..cccecscecesceccescscassseaessas 266,00 - 275.3
Burlingame Formation:
Limestone, medium to dark gray, finely crys-
talline, pseudo-oolitic; contains
brachiopods and 0Sagid..ceeeececccacceacas 275.3 = 277.0
Shale, Mmedium JraY.eecesessccsescsccsssccnssssss 2/77.0 = 278.2
Limestone, medium gray, finely crystalline,
pseudo-oolitic; contains fusulinids and
0S8Jg1la.ceseececccsasosacsssanscsansansanss 278.2 = 279.3
Scranton Formation:
Silver Lake - White Cloud Members:
Shale, JreeN.eceseescesssescsscccssscnssssscasss 279.3 = 280.3

Shale, light gray.ceecececeeoscsssscesssssseesas 280.3 - 284.8
Shale, blacCKk..ceeeeeeeecessscccccsassseasacsss 284.8 - 286.5
Shale, light greenish gray..ceeecececececees. 286.5 - 287.0
Shale, greeNiceeeecscscsscscssscsassanssnassssss 2837.0 - 295,5
Shale, red mottled gre€N..ececececescccccscasss 295.5 - 299,0

Shale, red mottled green; interbedded with
limestone, medium grayecceecccessessceessas 299.0 - 302.0

Test Hole 12-81

Location: Otoe County, SW corner sec. 13, T. 9 H., R. 11 E.,
approximately 212 feet north of south section 1line
and 22 feet east of west section line.

Ground-level elevation: 1132.5 feet above mean sea level.
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Started: May 14, 198l. Completed: May 14, 1981.
Total Depth: 92.0 feet.

Description Depth,

in

feet

From

Quaternary System:
Soil (NO SAMPle) ceeeesosccvsecsccascascscncnanse
Clay, tan, very Sand¥ecececeecssscessescessace
Sand, medium tO COAYSECiceesccccssccsoscaccccs
Clay, tan, san@y..c.cecceescaccscssccsaccacs ceee
Clay, medium gray, Sa@ndyeeeeececesscceccassess

Y Uld 0O

. *

=
couvuoco

Pennsylvanian System - Virgil Series - Shawnee Group:
Topeka Formation:
Curzon Member:
(NO sample) cceeeesesacescscsscsascasssssssscasnas 17.0
Iowa Point Member:
Shale, light gray.ccccecscscecccsssscces seessss 22,0
Hartford Member:
Limestone, tan to light gray, very finely
crystalline; contains Osagia and
manganese stainNing...ceccececceccccecscacesss 22.6
Shale, black..eceeecess ceceesssssasscsssssssss 23.0
Limestone, medium gray, finely crystalline... 23.1
Calhoun Formation:
Shale, medium gray.c.ceeccececsccecsscsacsssaos 24.2
Tecumsen - Deer Creek Formations:
Ervine Creek Member:
Limestone, light bluish gray, medium to
coarsely crystalline; contains crinoids,
- brachiopods, and Osagi@.cececccscccacesees 25.0
Limestone, light bluish gray, finely crys-
talline; contains Osagia and glauconite... 28.0
Limestone, light gray, very finely crystal-
line; contains Osagia and fusulinids...... 30.1
Limestone, medium to dark gray, finely
crystalline; contains pyrite, abundant
fusulinids, and abundant black
carbonaceous material.cccceeccacecccscseeees 32.2
Limestone, dark gray, finely crystalline;
contains pyrite, black carbonaceous
material, and fusulinids.....eeeeeeeens ... 34.0
Shale, blacKk.:..eeeeescssecccssscscssnscsssssase 36.3
Limestone, medium gray, finely crystalline;
contains Osagia and abundant fusulinids... 36.4
Shale, medium gray..cccceeccsccecssosascsscsses 38.6
Limestone, light gray, finely crystalline;
contains crinoids, fusulinids, pyrite,
and 0Sagi@eeeccecececccsreacocsssesecansecas 39.5
Larsh Member:
Shale, 1wedium gray..cceecccccescscecscscscesccas 40.4
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Description Depth, in feet

From To

Shale, blaCK.::eeeeesesseecscccscscsccnsssseasess 41.0 - 42 .4
Rock Bluff Member: .

Limestone, light gray to tan, very finely

crystalline; contains Osagia and pyrite... 42.4 - 44.3

Oskaloosa — Rakes Creek Members:

Shale, medium grayeececceeccesccesscoscacecscssss 44.3 - 45,2

Shale, medium greenish gray..ececceececccesass 45.2 = 47.6

Siltstone, light greenish gray, sandy....ee.. 47.6 - 55.0

Shale, greeN..cccecececcccccsceccsccosccsnsaassses 55.0 - 69.5

Shale, reQ...ceececececessosccssscscssscssasecss 09,5 ~— 72.9

Ost Member:
Limestone, light gray, very finely crystal-
line, 'silty; contains Osagi@.cececscsceeess 72,9 =~ 75.8
Limestone, very light graylsg green to
white, very finely crystalline to litho-

graphic; contains Osagia and glauconite... 75.8 - 79.1
Kenosha Member:
Shale, red mottled green.......-......-...... 79.1 - 80.8

Lecompton Formation:
Avoca Member:
Limestone, licht gray, very finely crystal-
line; contains Osagia and brachiopods..... 80.8 - 81.2
Limestone, light to medium gray, finely
crystalline; pseudo-oolitic in part;

contains crinoids and Osagia....c.ccccce.. 81l.2 - 82.7

King Hill Member:
Shale, Yed..cceeeeceeaesocescacacscssasccassaes 82.7 = 87.5
Shale, medium greenish gray..ccceceeceeeecsess 87.5 - 89.6

Beil Member:
Limestone, very light gray to white, very
finely crystalline; contains pyrite,
glauconite, coral, and Osagia...cceceeee.. 89.6 -~ 92.0

Test Hole 13-81

Location: Otoe County, SW corner sec. 24, T. 9 N., R, 11 E.,
approximately 85 feet north of south section line
and 73 feet east of west section line.

Ground-level elvation: 1148.5 feet above mean sea level.

Started: May 20, 198l1. Completed: May 20, 1981.

Total Depth: 197.0 feet.
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Description Depth, in feet

From To
Quaternary System:
Soil (no sample).ccecesccesoescccsccscccsosccscs 0.0 - 6.0
Clay, medium gray, SandYeceececeosccssccccscsss 6.0 - 14.0
Clay, tan, Sandy.ecececessscsscsesccsessacsesss 14.0 ~— 25.0
Clay, olive gray, SandY.ssecceccescsssccsscsecsasss 25.0 =~ 32.0
(NO SamMpPle) cceceecccscersascssscscsssccnsassseces 32.0 = 40.0
Clay, medium gray, sandy, SiltV.ceecececeecsss 40.0 =~ 49.0
Clay, medium gray, silty, very sandy.e.eeceeee.. 49.0 -~ 55.0
Clay, medium gray, sandy, SiltYVe.eeeceeeeeeees.. 55.0 - 100.5
Sand, coarse; contains gravel.....ceeeeeeese. 100.5 - 107.0
Clay, medium gray, Ssandy.cececesesssccscasessss 107.0 - 111.5
Pennsylvanian System - Virgil Series - Wabaunsee Group:
Scranton Formation:
Silver Lake - White Cloud Members:
Shale, medium gray.eeeesecesssesscossacssseaeass 111.5 = 120.0
Coal, blaCKk..cceeeeoeosescasssococcssosssasseassas 120.0 - 120.2
Shale, medium gray.eceeseeeccsccssssscscesssss 120.2 = 137.0
Shale, medium gray; contains brown sandstone
StreakS.ceeececoesassscsocossssscscscnssssss 137.0 - 162.9
Howard Formation:
Limestone, dark gray, finely crystalline;
contains CrinoidS.ccececscscocscscccacsess 162.9 - 163.3
Shale, medium greenish gray.ceeecssseeeccesssss 163.3 - 164.4
Limestone, dark gray, finely crystalline;
contains brachiopods, pyrite, and "black
inclusions™.iieceeeeaceeccscssosscsacanneess 164.,4 =~ 165.0
Shale, light greenish gray.cccseecceccececsesss 165.0 = 168.1
Limestone, medium gray, finely crystalline;
contains Osagia, coral, brachiopods,
pyrite, "black inclusions", and abundant
fusulinidS.ceeecesecsscccossonssscsssaasaees 168.,1 = 170.0
Limestone, light gray, very finely crystal-
line; contains QOsagia and pyrite.......... 170.0 - 171.7
Severy Formation:
Shale, light gray..cecececesscscscassssaaesee 171.7 - 172,2
Shale, blacCK.eeeeceseseoscescssssccscsossssansses 172.2 =~ 173.0
Shale, medium grayish green..ceeesecceecceeseess 173.0 - 176.0
Coal, blaCKkeeeeoocsoseessosensssesscssssssasnss 176.0 = 177.0
Shale, medium grayish greeN..ccccecececcececssesess 177.0 - 183.0
Shawnee Group:
Topeka Formation:
Coal Creek Member:
Limestone, dark gray, finely crystalline;
contains pPyrite..eeeececcesceessecsesasess 183.0 =~ 185.0
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Description Depth, in feet

From To
Shale, medium grayeesescsecccoscsssscccsssssease 185.0 - 185
Limestone, medium gray, very finely crystal-
line; contains brachiopods, coral, and
PYrite.ceeeeeeeocoosesncsaesncsssscnaassassas 185.8 - 187
Shale, medium graV..eceeeecescsaccasccessassssss 187.2 - 188

Limestone, medium to dark gray, very finely

crystalline; contains fusulinids,

crinoids, and pyrit€..cceceececececscscesss 188.0 - 189
Limestone, light gray, finely crystalline;

contains fusulinids, crinoids, pyrite,

and abundant brachiopodS....e.c¢eceeeeeeees. 189,6 - 190

Holt Member:
Shale, MEdiuUM graAY.ceeecsccccesssoscacccscsssss 190.0 = 191
Shale, blaCKk.sceeeeeeossasaasecosacssassscansss 191.0 - 192

DuBois Member:
Limestone, light to very dark gray, finely
crystalline; contains brachiopods,
pyrite, "black inclusions", and abundant

CrinOidS..-.-.o-...-................ ----- . 19201 - 193
Turner Creek Member:
Shale, medium greenish gray...eccceeesseessass 193.4 - 196

Sheldon Member:
Limestone, light to medium gray, very finely
crystalline, pseudo-oolitic in part;
contains crinoids, pyrite, and abundant
fusulinidS..ccecececsssacecccssasssonesasass 196.1 - 197

Test Hole 14-81

Location: Otoe County, NW corner sec. 2, T. 8 H., R. 11 E.,
approximately 19 feet south of north section line and
177 feet east of west section line.

Ground-level elevation: 1190.0 feet above mean sea level.

Started: May 20, 1981. Completed: May 20, 1981.

Total Depth: 182.0 feet.

Description Depth, in feet

Fromn To

Quaternary System:

Soil (no sample)........'..................O. 0.0 - 3
Clay, tan, S@nAY.csececccceacessscaccsssasasass 3.0 - 8
Clay, medium olive gray, Sandyeecceeeececeeces 8.5 - 16

82

.8

.2
.0

.6

.0

.0
.1

.4

.1

.0

P
o U1 O



Description Depth, in feet

From 29
Clay, tan to brown, sandy.cceeeececeesss eeseess 16,0 - 27.0
Clay, tan, sandy.ccecccecscrscecccacecnse cecsees 27.0 - 29.0

Clay, olive, Sandy...cceccscccccccccsscsessss 29.0 -~ 39.0
Clay, dark gray, Sandye.eceececesceccccsssasscsss 39.0 = 42.0
Clay, reddish gray, Sand¥Yeeeeecceecececeee eseees 42,0 - 47.5
Clay, dark reddish gray, Sandyececeeecesoecscees 47.5 =~ 50.0
Clay, medium gray, Sa@NdV.ceceeeececcoccssscessaa 500 = 53.0
Clay, light grayish green, sandy....ccesesee. 53.0 - 70.0
Clay, light grayish green, very sandV..e..... 70.0 = 71.0
Clay, tan, Sa8nNdV.ceceescsccceccecccseccccncaece [11.0 = 77.0

Pennsylvanian System - Virgil Series - Wabaunsee Group:

Willard Formation:
Shale, OliVe..eeseeesssssscenssescssansonnns ee 17.0 - 82.0
Shale, medium gray.cececeseccecccscsssssccccsseass 82.0 =~ 84.7
Shale, medium gray, limMy..eeceeeecescscsccass 84.7 =~ 89.0
Shale, medium gray.scecesceescccscscscscsscssess 893.0 = 93.3

Emporia Formation: .

Elmont - Reading Members:
Limestone, light gray, very finely
CrysStallineescececececececessscsascccasscsescases 93.3 -~ 96.0

Shale’ red.-.......-.....-..........o........ 96.0 - 97.1
Limestone, light gray, finely crystalline;
contains 0SAJiA.ececscscescscsssscsssscsaecss 7.1 -~ 99.2

Shale, medium gray.ccccesscssccsscsasssasssass 99.2 =~ 100.0
Limestone, light gray to tan, very finely
crystalline, weathered; contains
crinoids, Osagia, and glauconite.......... 100.0 - 102.8
Auburn Formation:
Shale, dark gray..cececcecscccsccascssccsssssssss 102.8 - 103.8
Shale, medium grayish greeN...eecesesssceessas 103.83 - 104.8
Shale, red..ueeeeeeeeoseoseocsosssesscecscessssaecs 104.8 - 118.6
Shale, red mottled 0OliVE.iceeeeeaceeecceeseess 118.6 - 120.0
Shale, medium gray.eoeecesacscsacssascesessaas 120.0 = 124.5
Coal, blaCKeoeecsseeeaonacecososcascoceasssssssaes 124.5 = 124.6
Shale, Medium graY.eceeeceecescccascssanecnseasss 124,6 - 133.6
Wakarusa Formation:
Limestone, medium gray, finely crystalline;
contains brachiopods and black
carbonaceous material.....ccececescsecsececss 133.6 =~ 134.8
Shale, medium gray..cccesecessecscscccssceasseasss 134.8 - 135.0
Limestone, medium to dark gray, £inely crys-
talline; contains brachiopods and "black
inclusionsS" .c.ceeceececacsecscssensecsessasss 135.0 - 138.0
Soldier Creek Formation:
Shale, medium gray.cceceecececeecsccssascacsssss 138.0 - 140.8
Limestone, light gray, very finely crystal=
line, pseudo-ovlitic; contains
_ brachiopodsS...cceceeertecetenccecesceaasas. 140.8 - 141.0
Shale, red..eceeeeereossasssscssassassssacssnss 141.0 - 144.0
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Description Depth, in feet

From To

Shale, gray mottled red...ceececsccccceccssess 144.0 - 145.0
Limestone, light gray, finely crystalline,

pseudo-oolitic in part; contains

glauconite and abundant Osagigd............ 145.0 - 147.0
Limestone, light gray, very finely crystal-

line; contains 0Sagil.cecceccsssccccccscess 147.0 - 147.6
Shale, greeNecccecescsscsasscsnsasssaanssasasas 147.6 - 148.1
Shale, red...ceccceoececcacescssssosssscnsscesess 148.1 - 150.8
Shale, MediuM Ora@Y..ceseseccecccasscecocessseasses 150.8 - 160.1

Burlingame Formation:

Limestone, medium gray, medium crystalline;

contains coral, brachiopods, bryozoans,

gastropods, and pyrit€..ceecescesccccscssss 160.1 - 161.4
Shale, medium gray.eecececscescessccccescsscess 161.4 - 162.8

Limestone, medium to dark gray, medium
crystalline, pseudo-oolitic; contains
crinoids and 0Sagid..cseeesecescascesseaasss 162.8 - 163.0
Scranton Formation:
Silver Lake - White Cloud Members:

Shale, light greeén..cccececececccacccsssccssssss 163.0 - 163.8
Shale, ligit gray.cccesssccesscscsesccccsssssss 163.8 - 164.8
Shale, light gray; interbedded with lime-

stone, light gray.cccecccecscscsccseccsncses 164.8 - 167.5
Coal, blacKk..ieeeesaceccsscssasscsasassssssssss 167.5 = 169.0
Shale, light gray..cceccceccesccsccccscessassss 169.0 - 170.5
Shale, light gray; interbedded with lime-

stone, medium grayececeeessecsccsscsssseassses 170.5 - 171.5
Shale, light greenish gray..cccecesceecscessass 171.5 - 175.4
Shale, red..ceeeeceescccssscssscssscssessssaecss 175.4 - 180.7
Limestone, light tan to gray, lithographic;

interbedded with shale, red.cececeeeecesss 180.7 - 182.0

Test Hole 15-81

Loctation: Otoe Conty, NE NW NW sec. 10, T. 8 N., R. 11 E.,
approximately 28 feet south of north section line
and 1036 feet east of west section line.

Ground-level elevation: 1109.0 feet above mean sea level.

Started: May 21, 1981. Completed: May 21, 198l.

Total Depth: 212.0 feet.
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Description Depth, in feet

From To
Quaternary System:
Soil (NO samMpPle) .cceeesccsccccscasccconcnccnssne 0.0 - 5.0
Clay, black, sandy..ccceccecsacccscscsassssccsss 5.0 - 13.0
Clay, dark greenish gray, sandy..ceeeeceecesees 13.0 - 22.0
Clay, green, Sandyeeceeceecessescsssssossssaceees 22.0 =~ 32.5
Clay, medium gray, SandYe.ecsececececccsssscsessss 32.5 = 37.0
Clay, Qark gra@Vececcesscccsccssscsscscssscscses 37.0 -~ 48.0
Clay, light gray.ceccecececcsceccssecssccccsecssass 48.0 - 68.5

Clay, light gray, Sandy.e.ccececececesccsceacsees 68.5 = 96.0
Clay, light gray; contains sand, coarse,
and gravel..........‘.I..'.-....."..‘.... 96.0 - 106.0

Pennsylvanian System - Virgil Series - Wabaunsee Group:
Stotler Formation:
Dry Member:
Shale, light greenish gray.ceecececececsesessss. 106.0 - 107.3
Dover Member:
Limestone, dark gray, finely crystalline,
pseudo-oolitic in part; contains crinoids

and "blaCk inClUSionS".........-..-....... 107.3 - 10800
Pillsbury Formation:
Shale, light gray.'........‘................' 10800 - 129.2

Zeandale Formation:

Maple Hill Member:
‘Limestone, dark gray, finely crystalline;
contains crinoids, brachiopods, black

carbonaceous material, and pyrite......... 129.2 - 130.8
Wamego Member:

Shale, MEAiUM graY.ssesvseccrssssecscccassssess 130.8 - 134.9
Tarkio Member:

Limestone, tan, lithographicC..c.cceceaceseecess 134.9 - 135.1

Shale, medium gray.cececeeeecsessseceasssssecasses 135.1 = 136.1
Limestone, light gray, finely crystalline;
contains Osagidececesscecccasrsceancceaccess 136.1 - 138.6
Willard Formation:
Siltstone, green, very Sandy..cceceeececceses 138.6 - 146.4

Sandstone, grayish greeN.ceeceeccececcssceceesss 146.4 - 147.5
Shale, medium graY.ceseccescccsscccossascssss 147.5 - 169.2
Limestone, medium gray, finely crystalline;

contains brachiopods and coral......c.c... 169,2 - 174.8
Coal, blacCK.eeeeeeossesssosncscssaceacnsceansss 174.8 - 175.0
Limestone, medium gray, finely crystalline;

contains pyrite..ccecccescccescsscansscess 1750 - 175,2
Shale, light grayish green.....cecceeeceeeeess 175.2 - 179.0

Emporia Formation:
Elmont - Reading Members:
Limestone, light gray to tan, very finely
crystalline; contains Osagia and abundant
PYYit@eeeeeoesecoceesvsesssssnssnssnenesnses 1L79.,0 - 180.0
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Description Depth, in feet

From To
Shale, medium gray; interbedded with limestone,
grayish greeN..cceceecscecscescsscessecssaes 180.0 - 181.0
Shale, reddish gray..sccsececceceecsccscascseass 181.0 - 181.6
Shale, medium gray.on....o.ootoo-.oooo..o..o. 18106 - 182.0
Limestone, light gray to tan, very finely
crystalline; contains QOsagia.............. 182.0 - 183.7
Shale, MediUM gray.eeeseecoccscoscseassacsaasses 183.7 == 185.1
Limestone, light gray, very finely crystal-
line; contains brachiopods, Osagia, and
glaUCOnite..........-.....-...-........... 185.1 - 187.7
Auburn Formation:
Shale, green mottled red...cvccvecceeccasessss 187.7 - 188.0
Shale’ red mottled green.........-........... 188.0 e 192.0
shale, red‘.......l...............I..'....... 192.0 - 197.0
Shale, red mottled 0livVe..i.ceeecescscnecscaess 197.0 ~- 204.3
Shale, Olive.......-...o..--.-............... 204.3 - 205-0
Sl‘lale’ light gray......o-----o'-oooo-oo-o--o. 205.0 - 206.0
Shale, MEAiUM gra@Y.eceeessecsccscsssccsesscass 2060 = 212.0
Test Hole 16-81
Location: Otoe County, NW corner SW sec. 18, 7. 8 N., R. 11 E.,
approximately 2551 feet north of south section line
and 20 feet east of west section line.
Ground-level elevation: 1087.0 feet above mean sea level.
Started: May 21, 198l1l. Completed: May 21, 1981.
Total Depth: 317.0 feet.
Description Depth, in feet
From To
Quaternary System:
SOil (nO Sample)..o.-.......'.-.............. 0-0 - 3.0
Clay, brOWIl, Sandy........................... 3-0 - 9.5
Clay, dark brown, very sany..ccecceccccccecceasa 2.5 - 14.5
Clay, tan, Sandy............--...-........... 14.5 - 33.0
Sand, medium to coarse; contains gravel...... 33.0 - 37.0
Clay, Olive gray.ovtooo.o.o:-c.cu-.-.o..oo..- 37.0 - 48.5
Clay, olive gray, very sSandyeeeeeeecececseess 48.5 =- 58.0
Sand, coarse; contains gravel....cececeeceeess H8.0 = 67.7
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Description Depth, in feet

From To
Permian System - Big Blue Series - Admire Group:
Onaga Formation:
Shale, tan, weathered...cceeeeeecesecsocnceceses 67.7 = 68.2
Shale, light bluish greeNeeeecececccccsess cess 68,2 - 69.5
Shale, dark red.uveeeseeesccacocsscssassscscas 09,5 = 69.7

Limestone, light gray, very finely
Crystalline.ceeceeeccessnccossassscceacseses 69,7 = 71.2
Shale, Yed..ceeeeeosesesescccscsoncsnncccossses 11.2 = 73.0
Shale, red mottled 0livVe.eiceoecececeocanceess 713.0 - 77.5
Shale, MediuUm grayecesecccscssccccccosnsssscaes [17.5 = 80.3

Pennsylvanian System ~ Virgil Series - Wabaunsee Group:
Wood Siding Formation:
Brownville Member:
Limestone, light gray, finely crystalline.... 80.3 - 83.5
Pony Creek ~ Plumb Members:
Shale, light Oray.ceeeensccescscscccccssscssss 83.5 - 84.0

Shale, light gre€N.cseceescssssesnsccsssseness 84.0 - 85.0
Shale, red mottled gre€N.ecscssaccssccassseess 85.0 =- 86.7
Shale, light green mottled red...eeeecececese. 86.7 - 88.4
Sandstone, medium greenish gray...eeeseececess. 88.4 ~- 90.0
Shale, red..eceeeeoesesssssssosssssscscsssssces 9I0.0 - 93.4
Shale, GreeN..cccesesasccsccsssasescnscsssssceas 93.4 - 96.5

Shale, MEdiUM gra@Yeeeseosecccesscccccssssseasee 96,5 - 100.4
Nebraska City Member:
Limestone, medium gray, medium crystalline;
contains brachiopodS...eeesescseseccceeeeass 100.4 - 102.6
Pillsbury - Root Formations:
Coal, blacK..eieeeeoeaccovoccnsacassssssssnsss 102.6 = 103.4
Shale, greeN..ccsescsscacccsscsscsscccsssssssscsss 103.4 - 112.1

Shale, red mottled greeN.ececscesescesasessesoeaes 112,17 - 113,1
Limestone, medium gray, medium crystalline;

contains 0Sagid.cececccecsccacecsessaasess 113.1 = 113.6
Shale, greeN.ceccececscscscscassscssscesecnsensss 113.6 - 114.6
Shale, redeeeeeeeesssssscssssssssssvessncesess 114.6 - 121,3
Shale, 0liVe.i.cceoscssecesanansssssacsasssssasa 121.3 = 124.0
Shale, medium greenish gray.ceecececeesssseceeass 124.0 = 145.0

Shale, MediUm graYeeecoecccacssscccecscsscsssseaes 145,00 - 173.2
Zeandale Formation:
Maple Hill Member:
Limestone, dark gray, finely crystalline;
contains brachiopods and fusulinids....... 173.2 -~ 174.4
Willard Formation:
Shale, medium gray.ceeececsssccsccssssscecscess 174.4 - 176.3
Candstone, medium gray, very limy...eeeeeeeee. 176.3 == 177.6
Shale, light greenish gray.sscceececsscsceasess 177.6 = 191.0
Sandstone, light gray; contains black
carbonaceous material....cccceceeesecsssa.. 191.0 - 202.3
Shale, medium gray..ccccecececcccscecsesessecss 202,3 = 218.8
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Description

Shale, medium gray; contains limy sandstone
streaks throughout and limestone streaks
near bottom,..eeceececvresccccncnscccccenscsce

Shale, medium gray; interbedded with lime-
stone, medium gray..cceeecesccscscscsccosscscsacces

Shale, OliVEe.ceceesececcsarssanscsoscsscsonssscsscs

Shale, red mottled gray..ceeeccsescscsccossssaccs

Emporia Formation:
Elmont - Reading Members:

Limestone, light grayish green, very finely
crystalline; contains crinoids and
glauConite.eceessocesccsccassossccccsccnocsnse

Limestone, 'very light gray, very finely
crystalline, pseudo-oolitic; contains
Osagia and pyrite....ceeeecsscccccccancnns

Shale, light greenish gray.cescececececsccecsse

Limestone, very light gray, very finely
crystalline, pseudo-oolitic; contains
brachiopods, crinoids, Osagia, and
glauconite.cecesesccssescssscccsscscscasnsa

Auburn Formation:

Shale, greeN...ccceccesscosccssssesasssnccnsssnse

Shale, red..ieeeescecessscsnsscscscsvsscsonsacnocs

Sandstone, light grayish green....ccceceeececees

Shale, medium grayecececeesccccsccenscccosncncsne

Wakarusa Formation:

Limestone, medium gray, finely crystalline;

contains brachiopods and pyrite..cecececees
Soldier Creek Formation:

Shale, Mmedium grayeeeceecsscecoscscsscoscoscscss

Limestone, light greenish gray, litho-
graphic; interbedded with shale, medium
GYAY e eooeocsosassccscsccssesscscssccsecscscs

Shale, green mottled red....ceeceesceccccccss

Limestone, very light gray, very finely
crystalline; contains Osagid..ccececececscs

Shale, OliVe.:eeieceereosssenosscscanscsssssccacs

Shale, Mmedium grayeececsceeseosccescssccscccanscs

Burlingame Formation:

Limestone, light gray, finely crystalline;

contains black carbonaceous material......
Scranton Formation:
Silver Lake - White Cloud Members:

Shale, MediUM gray.cececoescccccccsaccoccacacsce

Shale, blaCK.ieceesevesecoceosccssassssssssans

Shale, MediUmM graY.cesssscssoscssacscsssscocscscs

Limestone, medium gray, finely crystalline;
contains fusulinids and pyrite;
interbedded with shale, medium gray.......

Shale, blaCK..cccsseseesccscessocsssscansscsss
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Depth, in feet

From To

218.8 223.3
223.3 225.0
225.0 227.0
227.0 231.4
231.4 232.0
232.0 234.6
234.6 235.1
235.1 240.3
240.3 240.8
240.8 251.3
251.3 258.5
258.5 268.9
268.9 272.3
272.3 273.0
273.0 275.0
275.0 277.4
277.4 280.4
280.4 281.4
281.4 290.9
290.9 295.7
295.7 296.7
296.7 298.7
298.7 301.6
301.6 303.0
303.0 303.2



Description Depth, in feet

From To
Limestone, light grayish green, very finely
crystalline; interbedded with shale,
GrE@EN.csesassccscssssssssassssscssansasseses 303.2 - 312.0
Shale, red..eeeeeesscescscsascscasssscsnssssssass 312.0 - 313.0
Shale, red; contains limestone streaks....... 313.0 - 317.0

Test Hole 17-81

Location: Otoe County, SE SW SW sec. 8, T. 8 N., R. 11 E.,
approximately 26 feet north of south section line
and 1150 feet east of west section line.

Ground-level elevation: 1063.0 feet above mean sea level.

Started: May 22, 1981. Completed: May 22, 1981.

Total Depth: 137.0 feet.

Description Depth, in feet
From To
Quaternary System:
SO0il (NO SAMPle) ceeeeececssnssscccscacssccess 0.0 - 6.0
Clay, brown, sandy..cccsceccesccvsccensceccccasnse 6.0 - 15.0
Clay, olive gray, SandYe.cseeecscsccevsssssaesess 15.0 ~- 17.5
Clay, tan to gray, Sandy.ceccecescecccssssssees 17.5 - 23.0
Clay, olive, very SandV..esveseoeessccccesscaes 23.0 - 26.0
Clay, medium gray, S@ndyY.ecceecscscesccssscseceas 26.0 = 26.5
Sand, medium tO COArSE...cecececccccnscsccees 26.5 = 29.0
Clay, medium gray, very sSandV.sececeecsscsseeas 29.0 = 34.5
Sand, medium tO COArSE.ceceaccsscccesscaseacss 34.5 = 35.0

Pennsylvanian System -~ Virgil Series - Wabaunsee Group:
Soldier Creek Formation:
Shale, red.eceeeessesesssocssscsssssssscesassses 35.0 ~— 37.2
Limestone, yellow to tan, finely crystal-
line, weathered; contains manganese

Stalning.ecececacsesessacecsccsvscsccsssnsaces 37.2 = 37.4
Shale, medium gray to ta@N.ceececececesccescass 37.4 -~ 39.0
Shale, red..eceeeeoscencsssnscssssacsscssscsas 39.0 -~ 44,5
Shale, medium gray.cceeccecccesccesscscsaccsacs 44.5 - 47.4

Burlingame Formation:
Limestone, light gray, finely crystalline,
pseudo-oolitic; contains bryozoans and
0Sagidceeecesecesscccsssccsccsccancanceses 47.4 -~ 50.2
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Description Depth, in feet

From To

Scranton Formation:

Silver Lake Member:
Shale, medium graYeesececesecsceccoevsoccssvcccecccecse 5H0.2 = 51.0
Shale, gYeeN...seeeeescccccacsccnscsacssnseccss 5l.0 - 51.6
Shale, red..ccccececeeccsoscesacsosscsasscsasnsseece DHDl.6 = 60.5
Shale, green nmottled red.secevecesccecsosssaeas 60.5 = 61.5
Shale, medium gray.ccceeccesccsesccasesesccssaas ©01.5 =~ 65.4

Rulo Member:

Limestone, medium gray, finely crystalline... 65.4 - 66.3
Cedarvale Member:
Shale, medium graye.ececeeccecccccccscsscscsoccscas 06,3 - 67.0
Shale, blacKk.eeeeescececcacaccsscscscsssacncsaes 67.0 - 68.1
Shale, MediuUmM graY.cceececcesccosscssescscscsasses 68.1 =~ 73.3
Shale, greeN..ccceccesscsssssscscccssoscssescseee [13.3 ~— 74.3
Shale, red..ccceeececceccsccasoscsaansscsssccses 14.3 ~- 75.1
Shiale, green mottled red...cceeeececccceacaces 15.1 - 77.1

Happy Hollow Member:
Limestone, light greenish gray, finely
crystalline, silty; contains fusulinids,
bryozoans, Osagia and glauconite€....ceceee.. 77.1 =~ 79.3
Limestone, tan to light greenish gray,
finely crystalline; contains crinoids

and Osa ia................................ 79.3 - 80.4

White Cloud Menber:
Shale’ red mottled Olive. ® & ® © ¢ & ¢ O ¢ O 5 6 0 9 OO 0 e 80.4 - 82. 5
Shale, olive......'..Q....-..‘.'............Q 82.5 - 83.5

Shale, light greenish gray.cccececssceccceseces 83.5 -~ 86.5
Shale, medium greenish gray..cccecececececeecsss 86.5 - 88.0

Shale, medium gray, Sandy.e.ccecececececececcesas. 83.0 - 102.0

Shale, mediuUm gray.cecceseeccsccesscscsccssesss 102.0 - 122.0

Shale, medium gray; contains brown sandstone
StreaKkSeceeeeececececcccsasssesscosseccacss 122.0 - 137.0

Test Hole 18-81

Location: Otoe County, SW corner sec. 13, T. 8 N., R, 10 E.,
approximately 93 feet north of south section line
and 19 feet east of west section line.

Ground-level elevation: 1165.0 feet above mean sea level.

Started: May 22, 1981. Completed: May 22, 1981.

Total Depth: 122.0 feet.
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Description Depth,

feet

Quaternary System:
S0il (NO SAMPle) ccvececocccccssscsssssnssssccs 0
Clay, tan, Sandy..cceceseesscccacscccsssssscssss 4
Clay, dark brown, sandy..eccccececscscecocsccaae 9
Clay, tan, SandY.cececececcccsccscsscccsacossaas 13

Permian System - Big Blue Series - Council Grove Group:
Red Eagle Formation:
Bennett Member:
Shale, very light green to tan, weathered.... 14.5
Glenrock Member:
Limestone, tan to light gray, finely
crystalline, weathered; contains
fusulinidS..cceeecececaccccccacsaccsssecsass 19.4
Limestone, tan, very finely crystalline,
weathered; contains abundant Osagia and
manganese staining....ccccecececccccccccscec. 20.5
Limestone, tan to medium gray, finely crys-
talline; contains manganese staining...... 21.2
Johnson Formation:
Shale, greeN.eccccccccsscccccccsccscscccscsnsscse 22.5
Shale, medium gray.cccceccccescccsccasscscacea 24.0
Shale, dark greeN..cccecescececsccsssccsccnccsnsss 28.4
Shale, red mottled grayeeeesecsscecssccsceceess 29.0
Shale, medium graVYeeccesccceccscsssssssccscsesaese 29.7
Foraker Formation:
Long Creek Member:
Limestone, light greenish gray, very finely
crystalline, argillaceOUS..ccescececacceeas 30.6
Limestone, light greenish gray to medium
gray, very finely crystalline....cececeee. 33.0
Shale, greeN..cceccesscssscsssscsscsssassssccecnece 35.0
Limestone, medium gray, very finely crystal-
line to lithographiC....ccceccceacecccsccesss 35.2
Hughes Creek Member:
Shale, medium gray.ccececccecccoscceccccccscosess 37.1
Shale, light gray..ccccececeescccccecssscscassss 38.1
Shale, dark grayecccececccscacescssssccsaseceas 39.0
Limestone, very dark gray, medium crystal-
line, pseudo-oolitic; contains abundant
0Sagidcseesccsscescescccsccconsasscsscannes 43.2
Limestone, medium gray, finely crystalline;
contains brachiopods, Osagia, and "black
inclusions”...c.eeesaccccsccccsccsscnsssass 45.1
Shale, medium gray..cceceececccccacscasscassaecs 46.3
Limestone, medium gray, finely crystalline;
contains abundant brachiopods;
interbedded with shale, medium gray....... 52.8
Shale, medium gray.cceececceccscceascscaccsscaaea 53.0
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Description Depth, in feet

From To

Limestone, light gray, finely crystalline;

contains abundant brachiopods;

interbedded with shale, medium grayeeeees.. 53.5 - 54.5
Shale, light greenish gray...cccecececescesass 54.5 - 59.2
Limestone, dark gray, finely crystalline;

contains brachiopods and pyrit€....ceeeee. 59.2 =~ 60.0
Shale, very dark gray¥.ceceecececssscsacssssnsass ©00.0 - 61.7
Limestone, medium gray, variably crystal-

line; contains Osagia, coral, "black

inclusions", and PYTit€...eeeeeececeaasaes 61,7 =~ 63.2
Shale, medium graYe.eceeoecsaeccsccessccsescsascaece 63.2 ~— 63.6

Limestone, medium to dark gray, finely

crystalline; contains fusulinids,

crinoids, Osagia, and pyrite.......c.c.... 63.6 - 63.8
Shale, medium graYe.eeoeesacosccescssascscnsse 63.8 - 66.5
Limestone, medium to dark gray, finely

crystalline; contains brachiopods,

crinoids, and Osagia; interbedded with

with shale, medium gray.cesececeecscececesees 66.5 =~ 70.2
Shale, blacKk.....cceseecscsvsscsccccrssssaceaess 10.2 = 71.0
Limestone, medium gray, very finely crystal-

line; contains coral, crinoids, and

0SagiAeeeecerecscscncescnscssasscascaneasaas 71,0 - 72,2
Shale, medium gray..cecececcescecscccsocsssccnses 12,2 = 74.0
Limestone, medium to dark gray, finely

crystalline, pseudo-oolitic; contains

crinoids and 0Sagid.cecescececsscccccccess 14.0 = 76.0
Shale, medium gray.ceeccecscccecsscscsnscscscecs 16,0 - 76.5
Limestone, medium gray, medium crystalline;

contains abundant 0sagid..eveceveccceceess 716.5 =~ 76.7
Shale, Mmedium graY.eeeecsccesecssscssscscaces 16.7 = 78.2
Shale, blaCKk.eeeceeceseosseecasoscscascsasccsscsee 18,2 - 78.6

Americus Member:

Limestone, medium gray, finely crystalline;

contains crinoids and pyrit€..ecceeecececece. 18.6 - 79.8
Shale, medium gray.cceeececccsccssscssscssancas 79,8 = 81.5
Limestone, light gray, very finely crystal-

line; contains crinoidS...ceeecececcecaces. 81l.5 - 82.0
Limestone, medium gray, very finely

crystalline..ceeeceeaceccccescscosscscscscassaena 82,0 - 82.9

Admire Group:
West Branch - Hamlin Formations:
Shale, Mmedium gray..ccccececececccsccccccases 82.9 -~ 86.4
Limestone, medium gray, very finely _
crystallin€..ceeceeeeceacccscccsccccscscccanas 86,4 = 86.7

Shale' medium gray........O"......I.......‘Il 86.7 - 88.3
Limestone, light gray, lithographic;
interbedded with shale, green............. 88.3 - 89,0

92



Description

Limestone, very light grayish green, very
finely crystalline; contains glauconite;
interbedded with shale, green, at

91.0-92.40.0-.-o-o.o.octo.-..c.n-...--..-o

Shale,

Shale, red;

redonoooo-.-..o'.otooo..aoo...0-..-.0.

interbedded with limestone,

light gray.ccececscescscccccsscccsancsancss
Limestone, very light grayish green, very

finely crystalline; contains glauconite;

interbedded with shale, green...cceeceeces-.

Shale,

redooo.o.-oo-..oc.oa..o....oc.oooo.-o.

Limestone, medium gray, very finely crystal-
line; contains brachiopods and crinoids...
Shale, Mmedium gray..ccsceecesscccccsacssccnscs

Shale,

redoo....................-oo.-o.....-.

Shale, grayish green...cecececceecccescscacaanes

Shale, pale red;

interbedded with limestone,

light gray.ecececcecscscsecccsssssccscsosncsasse
Shale, medium gray; interbedded with lime-

stone, light grayesceccescscscccoscsccccacsce
Shale, OliVE..cieceeosaocssescssoscssaccssscncas

Shale,
Shale,

green-.noo...oo.ccoot..oooc-ono-...oo.

Olive..........-.........-....o-....-.

Shale, gray mottled 0liVe..cecaececcceccscacasce

Limestone, dark gray, finely crystalline;
contains Osagia, pyrite, and black
carbonaceous material..ccececcccccescscsecnccs

Shale, medium gray.ccscecececsccccssascscsacscs

Location: Otoe County,

Test Hole 19-81

Depth,

in feet

From

95.0

98.3
101.0

104.2
104.8
107.0
109.5

110.5

114.0
115.0
117.0
118.0
119.5

120.5
120.8

SW corner sec. 11, T. 10 N., R.

8 E.,

approximately 23 feet north of south section line

and 103 feet

Ground-level elevation:

Started: May 22, 1981,

Total Depth:

152.0 feet.

east of west section line.

1143.0 feet above mean sea level.

Completed:

93

May 22, 1981.

To

92.4

98.3

101.0
104.2

104.8
107.0
109.5
110.5

114.0

115.0
117.0
118.0
119.5
120.5

120.8
122.0



Description Depth, in feet

Quaternary System:

S0il (NO saMpPle).ccececcesescsccccsccssscccanncas 0.0 4.0
Silt, brown, SandY.eeecesecescccsccscssoscccscns 4.0 - 9.0
Clay, brown, very Sandy.ccececcececscscsscccssscce 9.0 4.0
Clay, brown, Sandye.ceececccescasassccscscscssssess 14.0

Clay, light brown, sandy...ccccceccececccscesss 22.0 = 28.5
Clay, mediumM graye.cceeeccecceccacscscscascscassas 28.5 = 29.0
Clay, dark gray.cecececececececscscscscscssassacscnsss 29.0 ~— 35.0
Clay, blacKk.:sseeceeesecescocscscsacssssssssssassas 35.0 = 38.0
Clay, dark gray..cececesceccccscscscccassccaoces 38.0 = 39.0
Clay, medium grayYe.e.eeoeeecsosccscccasccocssccsaes 39,0 = 41.5
Clay, t@Niceceeescasecsosscssscscscssassssasscnse 41.5 = 48.0

Pennsylvanian System - Virgil Series -~ Wabaunsee Group:
Willard Formation:
Shale, 0liVEe.eceeeeeocosooscsscossnscsccnsscssneses 48.0 -~ 50.0
Limestone, medium gray, finely crystalline,
pseudo-oolitic; contains brachiopods,
crinoids, and 0sagid.cccceccecccceccnscceses 50.0 - 50.6
Shale, light gray..ceccecseccccscesacsssccesscsss 50.6 - 55.0
Shale, red..cceeecssccesescssccssnscsscaccscsses 55,0 - 55.7
Shale, medium gray.ccceceecceccecccssacsecsscseas 55,7 =~ 56.5
Emporia Formation:
Elmont - Reading Members:
Limestone, light grayish green, very
finely crystalline, pseudo-oolitic in
part; contains crinoids and Osagiad........ 56.5 - 57.1
Shale, medium gray; interbedded with lime-
StONE, graYeeeoeeccsasscscossscsssascsassese OD7.1 ~— 59.0
Shale, medium gray.ccccsccessssesscccccccscase 59.0 =~ 59.6
Limestone, light gray, very finely crystal-
line; contains 0Sagid..seeceecccececcaaee. 59.6 - 61.2
Shale, medium gray.ceecececcecescscscssscsascosaeca 61.2 = 62,2
Limestone, light gray, very finely crystal-
line; contains 0sagil@...cecceecccecccacess 62.2 - 65.5
Auburn Formation:
Shale, medium greenish gray.cceceececcscecceseas 65.5 = 67.0
Shale, red..ceeececesresascnsacosscsscsscsasesseea 07,0 = 80.0
Shale, OliVEiceosessacssosasacsossccasasssssses 80.0 -~ 82.0
Shale, light gray..cecececcececscceccccsscscecsees 82.0 = 84.5
Shale, medium gray..eeceoecsecsescssccceacscascsss 84.5 = 92.0
Shale, medium gray; contains thin sandstone
StreakS.ceecececcececcecscsccscacsssssccnssas 92,0 = 94.5
Wakarusa Formation:
Limestone, light gray, finely crystalline;
interbedded with shale, medium gray....... 94.5 - 98.5
Soldier Creek Formation:

Shale' medilm gray. ® © ® ® & O 4 ® & O ¢ S 0" St S S OO e s 00 98 L] 5 - 100 L ] 5
Shale, medium gray; interbedded with lime-
Stone, light gray. ® ® @ & 2 0 0 ¢ O 8 0 ¢ 6 e O OOt e 0o 100.5 - 103‘6
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Description Depth, in feet

From To

Limestone, light gray, irregularly crystal-

line; contains Osagia and glauconite...... 103.6 - 106.5
Shale, medium graye.eececscecececcsescsscessssosssesss 106.5 - 107.0
Shale, medium gray; contains brown sandstone

StreakSececeececcsccsasaccasssssssssscsssaece 107.0 - 117.1

Burlingame Formation:

Limestone, light to medium gray, finely

crystalline; contains Osagi@..eccceeeseess 117.1 - 119.0
Limestone, light gray, finely crystalline;

contains glauconit@...cecescececcencessecsss 119,00 - 120,2

Limestone, light gray, finely crystalline;
contains crinoids; interbedded with
shale, medium gray..csseeeececasascsssecesss 120.2 - 120.6
Scranton Formation:
Silver Lake -~ White Cloud Members:

Shale, blaCKeeeeeeeeseasecsscsseosccsccssscsss 120.6 - 121.0
Shale, greeN..cceeccecsscccsssscsccsscssassesss 121.0 - 127.5
Shale, redeeeeecesoescecosrsscsssssssssscsesss 127.5 = 139.0
Shale, medium graYeeceeessececscccoccccassscsess 139.0 - 142,3
Coal, blaCKke.ceeeoceesecescccsscssacccnaccsses 142.3 = 142.6

Shale’ medium gray....o.otO.ouﬁoootooonoo.oo. 142.6 - 152.0

Test Ilole 20-=81

Location: Otoe County, NW NE NW sec. 21, T. 8 N., R. 10 E.,
approximately 12 feet south of north section line and
1362 feet east of west section line.

Ground~-level elevation: 1213.0 feet above mean sea level.

Started: May 26, 198l. Completed: May 26, 1981.

Total Depth: 197.0 feet.

Description Depth, in feet

Quaternary System:

S0il (no sample).ceeeeecrsccccscscscssacsssnsas 0.0 - 4.0
Clay, tan, Sandy.ceeececccsccsscccocoasscscsoscocs 4.0 - 8.5
Clay, olive, S@GndY.ccceosaceccsccscansssscsessa 8.5 - 19.0
Clay, medium gray, Sandy..cecesecsesscessecsesss 19.0 = 22,0
Clay, brown, sandy.ceccceescsscccesccscsnsscssees 22,0 = 34.0
Sand, medium, ClayeV..eceeceseccsascsscacassees 34.0 = 41.0
Sand, coarse, and gravel...ccccecccsccccessesss 41.0 - 43.0
Gravel, ClayeYeeeeaceccecssscccccsassanssscases 43.0 = 47.0

95



Description Depth, in feet

From To
Clay, medium gray, sandy, very silty......... 47.0 - 62.0
Clay, light gray' Sandy.......-....o.-....... 6200 - 71.0
Clay, reddish gray, sandyeeececececeescsacesesses 711.0 = 77.0
Clay, reddish gray, very sandye..cececeseceeecess 17.0 = 85.8

Permian System - Big Blue Series - Council Grove Group:
Grenola Formation:
Burr Member:
Limestone, light gray, very finely cyrstal-
line, pseudo-oolitic; contains brachio-
POAS. e eeeteecescncsscscnsosncascsncassnsscses 85.8 = 88.7
Roca Formation:

Shale, light grayish greeN.ececcceececccecccsess 88.7 - 92.5
Shale, very light gray.ceceecccccecccccccececess 92,5 - 94.0
Shale, medium grayish greeN..ccececcccccceeces 94.0 - 97.6
Shale, red mottled green..cceeececscscceesacssa 97.6 - 101.0
Shale, red mottley grav.eeeesscececescecsesss 101.0 - 101.8

Shale, medium gray; contains thin limestone
steaks......-.............‘............... 101.8 - 104.0
Shale, 1ight gray. *® ¢ O & 9 2 & 0 0 B 9 %S QT O a0 00t ew e e 104.0 - 106 - 5

Shale, red..ccccecececcecasccccscsccccsccccasesse 106.5 - 107.4
Shale, medium gray.eccsesecccccccecccsscssssesss 107.4 - 108.8
Limestone, very light gray, lithographic..... 108.8 - 109.0
Shale, reddish gray.ccscececesscscccssccesssesses 109.0 = 110.5
Shale, grayish greeN...cecescsscecscscoccnecses 110.5 - 112.7

Red Eagle Formation:
Howe Member:
Shale, medium gray, liMy.eeceecsocscscscoeess 112.7 - 113.3
Shale, grayish tan....ccececececccccccesessss 113.3 - 115.2
Limestone, medium gray to tan, variably
crystalline, pseudo-oolitic; contains

0Sagideeesecsecancecsasnsccasseoncesvenessss 115.2 - 118.4
Bennett Member:
Shale, light gray.eeecesoccsccssacesscossascsass 118.4 -~ 121.0
Shale, gray mottled OlivVe€..ceeeccecccccseascas 121.0 - 124.0
Shale, blacK..cseeesseesccesscosacscasenceansss 124.0 - 124.7
Shale, MediUM gray.cecececececessesescccscasss 124.7 - 125.5

Shale, blaCk.eeescesssecesesasoscncsscssssacsaees 125.5 = 126.5
Glenrock Member:
Limestone, medium to dark gray, very finely
crystalline; contains abundant black

carbonaceous material..cceeoceccseccscecses 126.5 - 128.4
Johnson Formation:

Shale, light grayish green.....ceecveecececee. 128.4 - 129.4
Shale, medium gray.eceeesecsascsecssceessccseascses 129.4 - 130.1
Limestone, medium gray, finely crystalline;

interbedded with shale, medium gray....... 130.1 - 131.1
Shale, medium greenish gray..ececeecseseecseces 131.1 = 137,2
Shale, red..ceceeeeersocscessscnsscscssnssasss 137.2 = 138.2
Shale, medium gray..cceeeceeeccsccssccsnncsees 138.2 - 139.0
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Description

Foraker Formation:
Long Creek Member:
Limestone, light gray, very finely
Crystallin@eeececescecssscssssassccssnsconnee
Limestone, medium gray, very finely crystal-
line; contains glauconit@.ceecececececccocns
Hughes Creek Member:
Shale, light gray.cccccecceccceccoscccccccccsssns
Shale, MediuUm gra@Y..cecseeccsessscscscccssssasns
Limestone, medium to dark gray, variably
crystalline, pseudo-oolitic; contains
brachiopods, Osagia, and "black
InCclusionsS" iceeeeeeccocarsccccssscssacnanes
Shale, Medium graAY.eceessssssssscosrcaccscsaces
Shale, light gray.eeeccecsecsccsssscsssconsaoss
Limestone, medium gray, finely crystalline...
Shale, blaCKk.ceseeseesssscocscncassssacsscsases
Limestone, medium gray, finely crystalline;
contains fusulinids, brachiopods, Osagia,
and "black inclusions”...ccecccccccccccace
Shale, dark gray.eceececesascoosavsccsansssscsscse
Shale, MediUM gray..cesesscccoccscsccsscccccnss
Shale, medium gray; interbedded with lime-
stone, light gray.cccecceccecosccccccccccns
Shale, dark grayc.ecccesccccescacsscscccsassscce
Limestone, medium gray, finely crystalline;
contains brachiopods, Osagia, and "black
Inclusions” . cceeeecacsaccavscaseccssccccnnnas
Shale, Medium gray.ccessececaceccccccssccssses
Limestone, medium gray, finely crystalline,
pseudo-oolitic; contains brachiopods,
bryozoans, crinoids, fusulinids, and
OSAJ1Aceassescesessesccsccccncocssonssanses
Shale, medium graY..eeseseescoscssscccsccscscscos
Shale, blacCKk.icceceeeaaerscecssccssascscscssssncss
Americus Member:
Limestone, dark gray, very finely
Crystallin€.eececceccscasosccesccocsscccccocss
Shale, dark gra@Yeceescesecccscscccssacccoscnscase
Limestone, medium gray, finely crystalline;
contains coral, crinoids, and
brachiopOdS.eescececcsscccscsscsosscascsscssavss

Admire Group:
Hamlin Formation:
Shale, MeAiUmM graYeccsecsacecesccsascssscsccasasne
Limestone, medium gray, finely crystalline;
pseudo-oolitic; contains brachiopods and
glauconite..ceeeceescecssccssccccsceassanns
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Depth, in feet

From To

139.0 141.5
141.5 142.5
142.5 145.0
145.0 152.0
152.0 154.5
154.5 162.0
162.0 167.8
167.8 168.5
168.5 170.1
170.1 171.9
171.9 176.5
176.5 178.8
178.8 180.0
180.0 180.4
180.4 181.5
181.5 183.0
183.0 185.0
185.0 188.0
188.0 188.4
188.4 189.7
189.7 191.3
191.3 192.4
192.4 196.0
196.0 197.0



Test Hole 21-81

Location: Otoe County, SW corner NW sec. 21, T. 8 N., R. 10 E.,
approximately 2604 feet south of north section line
and 30 feet east of west section line.

Ground-1level elevation: 1236.0 feet above mean sea level.

Started: May 26, 1981. Completed: May 26, 1981.

Total Depth: 287.0 feet.

Description Depth, in feet

From ToO

Quaternary System:

Soil (NO SaMPle) eceveeervseccscccsascsnsancscce 0.0 - 5.0
Clay, red, SiltVeeceeeceecscescesscascnossancnsns 5.0 - 9.5
Clay, tan, Sandy.ecscecceccccecsscsscccscsccocnscs 9.5 - 13.0
Clay, tan, very Sandyeceececsccssccscesasesases 13.0 - 22.0

Clay, olive gray, Sandy..ceccececscsceccocscscss 22.0 =~ 29.5

Clay, brown to gray, Sandy.ceccecsceceecsesesess 29.5 - 41.0
Clay, olive gray, sandy.cceececececscsccccesssss 41.0 = 49.0
Sand, fine, SiltY.ecececcesaccccesscssasossases 49,0 - 61.5
Clay, gray, very sandy; contains gravel...... 61.5 - 72.0
Clay, dark gray, very sandy; contains
gravel...cceccecccccasccsscsscsscnncscceocee 12.0 ~- 85.0
Clay, light gray, very sandy.cececcececcecesseeess 85.0 = 92.0
Clay, light brown to gray, sandY..eececeeeeeee. 92.0 - 108.0
Clay, light gray, sandye.e.oecesecscecesccecesessss 108,0 - 112,0
Clay, medium gray, Sa@8ndye.eeecsccscoccecssssasss 112,0 - 128.0
Clay, dark gray, Sa@ndY.eeceeceosesccscsccessssss 128.0 - 143.0
Clay, medium grayeceecsccccesccssscssssssssasas 143.0 ~—- 148.0
Clay, dark gra@y.ecececesscossessssascecsecssssess 148.0 - 152.5
Clay, medium gray, SandVe.eeceececceceoescscesssses 152.5 = 158.0
Clay, mediuM gray.ccesecesesscseaccsaccscoeseseaas 158.0 -~ 169.0
Clay, dark 0raye.cecececcceseacescssacccscsssases 169.0 - 175.0
Clay, light gray, sandy..ceeocecesceceacscessessss 175.0 = 181.4
Sand, coarse; contains gravel.....cceeceee.... 181.4 - 183.0
Clay, greenish gray.cccececescsccsccesssssssecess 183.0 - 190.0

Permian System - Big Blue Series - Admire Group:
West Branch Formation:
Shale, light green....cccceceecccccccccnsasass 190.0 - 191.6
Limestone, light gray to green, very finely
crystalline; contains bryozoans,

brachiopods, and crinoidS.cceececcecessesss 191.6 - 192.1

Shale, light gray..cccecececccsscesesscscssesss 192.1 - 199.0

Shale, MEAiUM graY.eceeecececcscocsossccasascees 199.0 - 200.0

Shale, dark grayeccececcececcccccceaccesssecssss 200,0 - 202.6
Falls City Formation: '

Lirmestone, light gray, finely crystalline.... 202.6 - 203.5
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Description Depth, in feet

From To
Shale, medium gray......-.................... 203.5 - 203.7
Limestone, light gray, very finely
Crystalline..........o.........-.......... 203-7 - 207.2

Shale, Mmedium gray.ceeesccecscccsscscsccscsssess 207.2 - 210.4
Limestone, medium to dark gray, finely
Crystalline..cececescscseccccsccscssssesraess 210.4 - 212,0
Limestone, light gray, very finely crystal-
line; contains Osagia and "black
Inclusions".ceeececcecescnscsessccsassessess 212.0 = 213.5
Onaga Formation:
Hauxby - Towle Members:

Shale, medium greenish gray...esceceececsessecess 213.5 = 215.5
Shale, light grayish green....cceeceecesceaseas 215.5 - 218.5
Shale, medium gray.ceccesececccsccscsscscsssesssseass 218.5 = 220.5
Shale, red mottled greeNicecececcesccsceeeses 220.5 = 223.0

Limestone, bluish gray to very light gray,

very finely crystalline; interbedded with

shale, YeQ..c.ceeeeeeessccsescssasacsccsasess 223.0 - 224.0
Shale, red..eeceeeeeoocesnsscccsoscsasesssaccsasss 224,00 - 229.0
Shale, OliVEe.seeeeesosacsansnsascnsssnssesess 229.0 - 231.5

Pennsylvanian System - Virgil Series - Wabaunsee Group:
Wood Siding Formation:
Brownville Member:
Limestone, very light gray, variably crys-

talline; contains fusulinids.....ceee00... 231.5 = 233.6
Pony Creek - Plumb Members:

Shale, medium gray.ececeesesscsccscscscocsssassas 233.6 - 236.2
Shale, reéG.eiceseeesoeesscsasaccsnsconsssanseee 236,2 ~= 241.2
Limestone, light gray, finely crystalline;

interbedded with shale, red.ecccceceeeeess 241,2 - 241.5
Shale, red..eeeeoeseccacsescsooosnsacsasscssacnecsses 241.5 - 244.5
Shale, light grayish green....cececescescessces 244.5 = 245.5
Shale, dark gray.cececeeccssccscscccsscssasccsss 245.5 - 250.4

Nebraska City Member:
Limestone, dark gray, very finely crystal-
line; contains brachiopods, fusulinids,

black carbonaceous material, and pyrite... 250.4 - 251.0

Stoler - Root Formations:
Shale, blaCK.ceeeeeeeesscccessssosssssececnasss 251.0 - 252.5
Coal, blaCK.eeessooceeascoasscacsnncosossssansses 252.5 = 2526
Shale, medium gray.eeseecesscssecsssscsscssass 252,6 = 259,0

Shale’ red mOttled greeno..-.oooonooooooooooo 259.0 - 261.5
Limestone, very light gray to white, very
finely crystalline to lithographic;

contains fusulinids and crinoids......e... 261.5 - 265.8
Shale, red...'..0......"..........-'........0 265.8 - 267.0
Shale’ Olive. . @ ® & O 0 S O 8" O 0 OO B PG T O SO E e Nt e 0000 e 267 .0 - 272 o 5

Shale, medium gray...'..........'......‘I.'.. 272.5 - 28700
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Test Hole 22-81

Location: Otoe County, SE corner sec. 8, T. 8 N., R. 11 E.,
approximately 136 feet north of south section line
and 20 feet west of east section line.

Ground-level elevation: 1071.5 feet above mean sea level.

Started: May 27, 1981. Completed: May 27, 1981.

Total Depth: 171.0 feet.

Description Depth, in feet

Quaternary System:
S0il (RO SAMPle) ceesecescscscsvscccscocsccnse 0.0
Silt, blacK.e:eeeeeeesoosseaecsacosccscoscsocsses 5.0
Clay, MediUM graY.esecsscessccesscssccocssaces 8.0 =~ 1
Clay, GreeN.e.cecscsssoscescscsccscsnsssssscssssss 13.0
3.0

Clay, medium gray-o.-.o-.oo.o-oo-ooo--ooo.ooo‘2 - 30.5
Clay' greeniSh gray, Silty.......-¢.......... 30.5 - 73.5
Sand, medium to coarse, and gravel, medium... 73.5 - 78.6

Pennsylvanian System - Virgil Series - Wabaunsee Group:
Wood Siding Formation:
Nebraska City Member:
Limestone, medium greenish gray, finely
crystalline; contains brachiopods and

glauconite.ceeecesacccsscsscascccscsssssscas 18,6 - 79.5
Pillsbury - Root Formations:

Shale, blacK...ececeososveccssscsascscsscssssseces 19.5 -~ 81.2
Shale, medium greenish gray.ceccecceecescecsseess 8l.2 =~ 87.4
Shale, TYeA...seeesoessseessssscscsoscscscssssess 87,4 - 90.3
Shale, red; interbedded with limestone,

JYAY eeseocoscccssssnssesassscsssssassossecces 9I0.3 - 93.7
Limestone, light gray, very finely crystal-

line; contains fusulinidS...eeececececseesse 93.7 - 94,2
Shale, light greenish gray.seccesecccsccccesceecas 94.2 - 96.4
Limestone, medium gray, finely crystalline;

interbedded with shale, medium graye.eee.. 96.4 - 98.5
Shale, grayish OlivE€..ceccecocrsaccccscsssesss 98.5 - 100.7
Shale, medium gray..cecscececrcecscsssesaesss 100.7 - 128.9
Sandstone, gray; contains black carbonaceous

material.cescecesccscecsscsccencccsssessssnssss 128.9 - 129.9
Shale, MmediUm graY..ceeseccsccssssscacecsssssss 129.9 - 147.0
Shale, medium gray; contains pyrite.......... 147.0 - 152.0
Shale, 1MediUm graY.ceceececascessscccsssssssss 152,0 - 158.6

Zeandale Formation:
Maple Hill Member:
Limestone, medium gray, very finely crystal-
line; contains brachiopodS...cccceeeeeeees 158.6 - 160.2

100



Description

Wamego Member:
Shale, medium gray..ceceeecesscccescscssccccss
Tarkio Member:
Limestone, medium gray, very finely crystal-
line; contains brachiopodS..ccececoccccsces
Shale, medium greenish gray...ccccececceccceece
Shale, dark grayeceecscscccccccccosceccccccscsccs
Limestone, medium gray, very finely
CrystallinE€eeeceeecscssrsasessscsccanssanse
Limestone, light gray, finely crystalline;
contains abundant brachiopods;
interbedded with shale, green..eecececececess
Willard Formation:
Shale, very dark gray.escesesccccecssossccccsas
Shale, Medium gra@y..ceccococccccssscscscasaceces

lo1

Depth, in feet
From To
160.2 - 163.8
163.8 - 164.5
l164.5 - 167.0
167.0 - 167.2
167.2 - 168.6
168.6 - 168.9
168.9 =~ 170.1
170.1 - 171.0
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