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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,
tecconics, and seismicity of eastern Nebraska with emphasis on
central O‘oe County. Some of the information pres:.nted here
results from a combination of studies bequn in earlier years but
the greater part results from studie:c i¢gun during the contract
year.

The scope of the studies is summarized as follows:

] Rock outcrops in Otoe County were reexar.ined and reevaluated,
and 22 test lcles were drilled tc leterwine the altitude o.”
the upper surface of the Elmont Limestone of Pennsylvanian
age;

2. One new seismograph was installed in eastern Nebraska;

3. Gravity surveys in eastern Nebraska were extended;

4, Ground magnetic surveys _i: Otoe County 7~ re made and

evaluated.

5. Age dating of two Precambrian cores.
Discussion of the results of these st:dies constitute the

r+mainder of tr.s report.



STRUCTURE OF THE ELMONT LIMES.CN:Z IN CENTRAL OTOE COUNTY, NEBRASKI

R. R. Burchett and M. ¥ Bolitho

Introductio:

A specific site area in central Ot~ . County. Nebraska was
chosen for study in 1980-81 because it overlies the sour.western
extension of the Union Fault (fig. 1). The Union Fault defines
the southern ..irgin of the northeast-southwest trending midconti-
nent gravity anomaly. Southwara from it the rock strata either
are downthrown or dip st.wgl into the Forest City Basin.

The primary purposes of this investigation wi:¢ to acquire,
by drilling test holes, subsurface data needed to correlate
buried strata vith strata that crop out and to gain a better
understanding ¢? 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 Llmont underlies most of the study ar~a at a shallow depth
and is easily identified in rock cuttings »btained by drilling.
All available data on the altitude of this surface in outcrops
and in test holes were used as control poirts for contour lines

depicting the configuration of the Elmont's upper surface (f:; 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, anl. 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 ~n identifiable
horizon whose height above or depth below the Elmont is “nown,
thus providing an Elmont datum. The holes were drilled in May
and June of 1981 under a cooperative agreement between the
(~nservation and Surv. Division (llebratka Ceological Survey)
and the U.S. Nuclear Regulatory Commission (Contract NRC-04-76-315).

A pbinocular 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 Uprer Pennsylvanian
rocks drilled in the study area, together with a composite electric
lcg of those rocks.

The geologic map illustrated in figurc 6 shows the .:stribu-
tion of groups ranging in age from Late Fennsylvanian to Early
Fermian. Location of bedrock ou* -»ops, 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 ~li{itude of many outcrops, the investigators
obtained additional vertical control points for tk . structure

mp.
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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 dur.1g this investigation are summarized as follows:

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

(2) 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, Jdiffer
markedly within very short distances, thus indicating that
the structural pattern is highiy; complex. The greatest
dip measured about 15°SE, just east of the area of study,
is in the &£W sec. 6, T, 9 i., R. 13 E., in Otoe County
fRurchett, 1980).

(3) Orly two faul:s 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 vears ago before quarrying destroyed the outcrop.
Throw along this fault was reported to be 8.8 feet (2.7 m)
in the veer 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 observakbic in outcrops
but indicated on figure . 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 sciata so similar that their correlation is
difficult; and the distance letween outcrops and test “oles
available for interpretatic. ranves from 0.1 (0.]16) =) to

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

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

in thc southwester.. part of the stu!y area to more than

1100 feet (335.3 m) no~th of the Union Fault.

Faults and/or stee;: dips in the area probably reflect
faulting and steep dips at depth. Deeper structrures are
indicated by contours drawn on the base of the Hertha
Limestone¢, a formation in the Kansas City Croup of the
Missouri Series of the Pennsylvanian Systen (Burchett, 1978)
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 *iese e¢levatior 'ndiszces that Jauloing
probably occurred in the Precambrian rccks aiung the CTaion

Fauilt.

13



REFERENCES

Buichett, R. R. 1978. Regional tectonics and seismicity of
eastern ’ibraska, Annual Report, June 1, 1976--June 1,

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

Burchett, R. R. 1980. Regionul 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 cnd subdivision of Precambrian
and Lower and Middle Paleozoic rocks in the subsurface of
Nebraska. Nel .aska Geological Survey Report of Investigations
3. Lincoln, Nebraska: Conservation and Survey Division,
University of Nebraska.

Condra, G. E., and Reed, E. C. 1938, The #adfield anticline of
Nebraska and Iowa. HNebraska Geological Survey Paper 12.
Lirncoln, Nebraska: Conservation and Survey Division.

University of Nebraska.

14



EARTHQUAKFE 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 c~llaborated in the installation of a portable micrr=-
earthquake station in Nebaska during contract year 19g0-81.

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

near Columbus which developed high background = ise.

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 giver below:

Site designation ILCN. Location: E/2 NE NE SE uwec. 23, T. i0 N.,
R. 6 E., lat. 40° 48' 42" N., long. 96° 42' 07" W.; on
University of lehraska-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 Dwicht, in Seward County, Nebraska.

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

begun August 25, 1980.

15
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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-sicnal radio receiver, an! (3) chanve e
seismograph recorder charts, replenish the ink suppl’., and reset
the clock whenever necessary on a 365-day-per-year basis. All
seismograpic records witi the exception of Medicine Creek and
Indianola are sent to the University of lNebraska-L ' ~oln for
oreliminary analysis and then are forwarded to the Kaansas Survey
for more detailed analysis. The seismographic records from
Medicine Creek and Indiancla 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 microearthquake:s centering in Nebraska were recorded
hotween August 1977 and Juily 1981, Ta%le 1 and figqure 9 show

the location of these microearthquakes.
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TABLE :

MICPFOEARTHQUAKES IN NEBRASKA

Latitude Longitude > 3
Map Date Origin Time Degrees Degrees Depth Magnitude
Ref. (UTC) North West (Km)
1 1977 Aug 18 10:34:25.21 41:24.90 98:28.07 5.00 2.5
2 1977 Dec 1 13:04:34.20 47:18.53 1'00:22.00 5.00 2.3
3 1977 Dec 1 13:22:38.57 40:12.52 1:0:17.87 5.00 2.4
4 1978 Tan 13 20:15:33.39 40:05.58 95:42.00 5.00 1.7
5 1978 Feb 3 0:25:47.62 40:01.92 100:20.00 5.00 2.4
6 1978 Sep 14 8:06:.8.59 40:53.76 100:22.00 5.00 - P
7 1979 Apr 8 22:46:10.41 40:58.12 98:33.83 0.67 2.4
8 1979 Jun 6 16:16:21.91 40:08.61 100:20.88 1.60 2.5
9 1979 Jun 12 11:13:11.88 40:24.33 95:03.26 2,07 1.8
10 1879 Jul 16 0:03:48.18 40:10.07 100:17.22 .00 2.7
11 1979 Jul 16 1:34:20.32 40:11.59 100:20.70 5.u0 2.5
12 1979 Jul 16 5:27.01.42 40:11.45 100:20.00 9.08 1.3
13 1979 Jul 15 6:08:09.89 40:11.32 100:20.73 1:1.09 1.5
14 1979 Jul 16 7:05:56.02 40:12.00 100:19.90 7.08 1.1
15 1979 Jul 24 4:16:45.09 40:12.47 100:26.00 0.88 2.2
16 1979 Jul 24 8:04:46.26 47:27.94 29:37.38 0.87 1.9
17 1979 Aug 2 4:16:21.66 40:10.51 10v0:21.44 0.84 2.5
18 1979 Aug 13 11:09:47.65 40:06.80 100:30.10 1,50 1.7
19 1979 Aug 14 23:59:31.37 40:10.:9 100:27.58 1.76 1.9
20 1979 Aug 'S5 6:45:53.87 40G:08.68 100:20.34 1.31 1§
21 1979 Aug 15 16:07:07.14 40:08.4% 100:26.43 1.23 1:3
22 1979 Aug 31 8:00:11.70 40:08.31 100:20.22 2.2
23 1979 Hov 19 4:58:43.40 40:14.86 100:02.:7 13.37 1.5
24 1979 Nov 29 22:02:31.21 40:09.80 100:21.64 3.15 1.9
25 1980 Apr 26 14:21:48.50 40:43.99 99:43.91 5.00 2.3
26 1980 Aug 13 5:50:11.83 41:53.59 97:06.01 9.90 - 9 |
27 1981 Mar 13 12:42:16.68 40:53.44 99:41.67 5.00 2.4
28 1981 Mar 20 5:09:48.17 40:10.31 100:19.60 ;- 1.4
29 1981 Apr 20 18:18:15.28 41:01.02 97:49.49 20.80 2.4
30 1981 Jun 26 18:£5:02.07 41:31.75 97:39.06 £.00 2.8

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

2 Time.

3Depth calculated in kilometers or fixed at 5.00 km.
Duration magnitude calculated from equation derived by Oklahoma Geological
Observatory.
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GRAVITY AND GROUND MAGNETIC INVESTIGATIONS IN EASTERN NERRASKA

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

Introductiog

The purpose of this investigation was to extend the area
covered by gravity and ground magnetic data related to the Nemaha
Upliit and associated struciares in eastern Nebraska (fig. 10);.
Gravity duta 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 phLenomena 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 Cravity Network
are tied to the Nationzl Gravity Network bar:; station located at
the Lincoln Municipal Airport. Gravity stations established
during this stucy were located at section corners and in some
cases half-mile section lines (fig. 1l1). Land-surface altitvyles
at most stations could be determined directly from 7.5-minute
topograyl.:c 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
40.2 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 eitiier 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 cilculated from assumed computational
dencity values of 2.5, 2.6, and 2.67 gm/cm3, The average density
value of 2.69 gm/cm3 obtained by Muchlberger and others (19Y64)
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 veruus theoretical gravity for anomaly
interpretation.

In central Otoe County 253 gravity stations, in addition
to those previously established, were used to prodie a

23



EAPLANATON

IN EASTERN NEBRASKA

LOCATION OF BOUGUER GRAVITY STATIONS

% Llas

1
i

- —
1

e

et e

|

’ @

f

i

s
'

- REER

b )

do -4

o N EPREY. SN0, SN O

Figure 11
24

-

—— -
P e b4




hand-contoured Bouguer gravity map (fig. 12). In addition akbout
980 gravity stations were occupied in Clay (fig. 13), Fillmore
(fig. 14), Hamilton (fig. 15). ©Nuckells (fig. 16), Polk, (fio.
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 'ebraska (fig. 27).

Ground Magnetic Study

The instrument used in the cround magnetic study was a
Geometric569626 Proton Magnetometer. This instrunent measures
the total magnetic field with an accuracy of +l1 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 r~cks, 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- mil: spacings in central Otoe County.
Cites 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 nade by making observa-
tions at a kase 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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LOCATION OF BCUGUER GRAVITY STATIONS 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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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 orientatiuvn of the joints
ranges from horizontal to vertical, with most being inclined at angles that rarue
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 oliviie, plagioclase, pyroxene,
opaque minerals, biotite and traces of apatite and alkali feldspar. The oli«ine
is magnesium-rich and is generally about Fos;. 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 ilmeniie 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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Elevatien
St-1

847
639.
842
944.
989.
994.

oo (9]

St-2

974

976

978
1000
1032.5
1037
1045
1051
1060
1067.5%
1070.5

*

3

o

v 2 T

= Q Qo

- > -

> o -y

o a a
9 6 75(57)
5 6 74(65)
9 7 75(52)
7 23 57(56)
N 28 52(57)
4 21 66(55)
36 13 32(58)
39 7 35(50)
33 10 30(35)
37 B 35(58)
38 5 33(58)
38 - 39(60)
45 4 25(55)
18 5 39(55)
43 3 34(62)
31 20 29(62)
30 13 31(50)

TChemical analysis

*Figure in

Table 2.

brackets is anorthite content

Modal Analyses of Specimens from St-1 and St-2.
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whereas the lower reaches consist of olivine gabbro. The uppe~ 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 g-ey carbonate. Thickness ranges from a few centimeters to about 10 centimeters.
These units consist primerily 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 *°A/“°Ar dates (Dalrymple and Lanphere, 1971) were determir>d on plagioclase
separates from St -1 and St -2 by J. Sutter. The pertinent analytical data and
*%Ar/“%Ar 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).
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(1)
€30, 49.60
Ti0, 5.37
A1,0, 15.00
re;0; 14.40*
Fe0 --
Mn0 034
Mg0 3.77
Ca0 5.99
Na,0 2.36
K0 0.86
P;0¢ 0.05
H, 0+ S

*tota' iron
*composite sample

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

N & W N -

(2)
34.30
12.50

8.52
35.00*

0.22
5.14
2.98
1.04
0.57
0.05

Table 3. Chemical Compositions.

(3)*

48.¢

ik

o o N

10.

Q O N

.48
.80
.99
.74
.19
.44

20

.
.34
.10
.52

Radenslaben No. 1, C SW 1/4 SE /4 NW 1/4 Sec.
Average tholeiitic hasalt (Nockolds, 1954)
Average gabbro (Nockolds, 1954)

(4)
50.82
2.03
14.07
2.88
9.00
0.18
6.34
10.42
2.23
0.82
0.23
0.9

28 T13N RBE

(5)
48.36
1.32

16.84

7.92
0.18

11.07
2.26

0.64



St-1 Plagioclase 944.5 ft.

PAr
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

*Post-1977 constant

Radio-
nic
oA %
8.65
39.11
40.50

67.75

62.92
49.85

55.97

92.00
93.26
95.62
94.88
98.03
98.31
96.55

Table 4. Age Spectrum Analysis Analytical Data.
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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.

1220
1140

1060 {
980

900

1220

1140

1060

980

900

820

Cumulative percentages of *“Ar released

E—
use
1100°C
800°C 1050°C
1060°C
]
St-1 944.5 feet (plagioclase)
0 50 - 100
Cumulative percentage of *°Ar released
fuse
]
)
105070
]
‘ St-2 1067.5 feet (plagioclase)
h‘SOO"C
0 50 100

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

The gabbroic rocks associated wicth the Steinhauer anomaly are intrusive
into older granitic rocks. They constitute a plug o~ 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 appea.ance 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). 1In light of the above, it seems that the Steinhauer gabbros are probably
ar 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

hasalts 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 Internat.onzl System of Units, nultiply 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 cast of wast seciion line.

Grovac-level elevation: 1182.5 fee:t above mean sea level.

Started: May 7, 1981. Completed: May 7, 198l.

Jescription Depth, in ! et
From To

Quaternary System:
S0il (NO SAMPle) ceeeccecese sssscscncscssncns 0.0 =~ 5.0
Clay, light yellowish brown; moderately
Bilty..-....-.....................-....... 5.0 - 10.0
Clay, light yellowish brown; contair ;

GEAVEL . csscvosasonssssninnnsnowy srastsnsas A0eY = 22
Clay, dark gray, slightly Silty...cccovececes 23.0 = 37.5
Clay, light greenish gray..cceceseccscsscscss 37.5 = 48.0
Clay, 01ive, Bllty.c.vocovossvnscrvnassosacas 8.0 = 52.5
Ciay, medium to dark gray, sligh:ly silty.... 52.5 = 66.0
Clay, medium to dark gray, slighlty cilty;

centains black carbonacecus material...... 66.0 =~ 69.0
Clay, medium gray, slightly sSilty...cccccsee. 69.0 =~ 83.0
Clay, light gray, slightly SiltY.ccccevccess. 83.0 = 86.0
Clay, medium c¢ray, slightly silty...cccceceee 86,0 = 88.0
Clay, light gray, slightly Silty...cceeeeseee. 88,0 =~ 92.0
Clay, light gray, sandy, S8ilty..ccccssscccsss 92.0 =~ 96.0

Pennsylvanian System - Virgil Series - Wabaunsee Group:
Willard Formation:
Shale, light greenish gray....cccesecsssccsess 96.0 =~ 97.2
Limestone, medium gray, very finely crys-
talline; contains fusulinidS...ccecccee.ee 97.2 97.8
Shale, pale OlivVe...csecssessssssnsssvoncsnses 7.8 99.0
Shale, light reddish gray...cccccececsssssecss 99,0 - 100.1
Emporia Formation:
Elmont Member:
Limestone, medium gray to tan, finely crys-
talline, pseudo=-ocolitic; contains
bryozoans, crinoids and Osagia......ecs... 100.1 - 102.8
Shale, light reddish graye..ccessccessssoncsss 102,8 = 103.7
Limestone, very light gray, finely crys-
talline; contains 0sagia....ceveesvsscesss 103.7 = 105.4
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Description Depth, in feet

From To

Harveyville Member:
Shale, light to redium gray..cceesecesssesess 105.4 = 106.9
Reading Member:
Limestone, light yray, finely crystalline;
contains crinoids, brachiopods, and
Osa iaoooo.oooano.oo'coo-oooo-oooooo..oooo 10609 o4 110.0
Shale, ght to medium gray.ccscesccscssscsss 110.0 = 110.2
Limestone, medium gray, finely crystalline,
pseudo=-oolitic in part; contains
brachiopods and 0sagiad.....cceeesececsssss 110,2 = 113.0
Auburn Formation:

Shale' 1ight gteenigh qray..--.oon-‘o--cooo.. 113-0 - 11‘.0
Sh&le, IEd................-.................. 11‘.0 - 123.2
$hnle,; 208 DOEEIN) CAR. covcrrincinnsonnsines Jidel . = 14840
Shale, light greenish gray mot.led olive..... 126.0 - 130.0

Shale, medium to dark gray.ccesscscesecsssesa 130.2 - 138,.2
wakarusa Formation:
Limestone, medium to dark gray, finely crys-
talline; contains fusulinids; interbedded
with shale, medium Oray..cceeceesscessssss 138.2 =~ 140.6
Limestone, light yray, finely crystalline.... 140.,6 = 142.7
Soldier Creek Formation:
Shale, u”dium gtay...................-....... 1‘2.7 o 145.2
Limestone, medium gray, finely crystalline;
contains fusulinids, crinoids, Osagia,
and "blac¥ inclusions"; intetbeaaeg with
Shale, Kedium gtay.oooonno.ooc-oo'coc.-of- 1‘5.2 a 145.8
Shale, reddish graycceocsccssssccccnrasassscsses 1458 =  137,2
Limestone, light gray, very finely crys-

talline; contains crinoidsS..cecessccesesss 147,2 = 150.4
SBhale, C8Lk GLBYssvevcscnsvesvassnsonossnssns L0:8 = A5LsH
Limestone, light gray to tan, finely crys-

talline; contains Osagid.....eees0000000s. 151.5 = 152.1
Shale, medium GraAY.cceccoessssssssccessssnsss 152.,1 = 155.0
Shale, light gray.ccecscsssccosvosasassssssnse 19%5.0 = 156.2
Shale, medium graY.csosssennsonssassvsvsssves 156.2 =~ 160.1

Burlingame Formation:
Limestone, medium gray, finely crystalline... 160.1 - 181.0
Limestone, medium gray, variably crystal-
line; contains fusulinids, crinoids,
brachiopods, pyrite, and "black
INCINSLONB® cviseies-ssseevsssncocs sonocsnue 161.0 = - 161.6
Shale, light greenish gray.csccessssvscossnes 161.6 = 162.0
| Shale. light to medium gray...ceeseeesssesese 162,00 = 163.5
Limes‘vne, light gray, very finely crys-
talline; contains brachiopods and
GLOUCONIES s cssssvssvssssrpsnavsssssennsse J03eS = 363.8
Ecranton Formation:
Silver Lake - White Cloud Members:
Shale' pale OIiVe.....-.................... . 164.8 a 167.0



Description Depth, in feet

From To

Shale, red mottled greé@Neccccsc-vssccsccccses 167.0 = 167.2
Shale, light greenish gray...c.cceccececeseces 167.2 170.0
Shale, reddish graYc-.ooo.uo—ooooo..-.o.ccooo 170.0 - 178.3
Shale, reddish gray; interbedded witn lime-

stone, light greenish gray..cccccecscseecses 178.3 - 182.9
Shale, light oreenish gray....ccecceeeeeeeeceses 182,9 - 183.0
Linestone, light greenish gray, finely

CrYStallin@ssssescesscsssocsssssssscosacss 183,00 = 183.9
Shale, pale O0live..cssecosevssocscnsssescsnsse 183.9 = 184.5
Shale, 1i0ht GrRYecv csscsesanssssnssorssoccs 184,55 « 194.,0
COB. . DlBCK.ssvosesvisavssssnssssnncnvsnessns 194,00 = 194,5
Shale, light greenisli Jray..ccccecscscssssses 194.5% = 213.3

Shale, light greenish gray; interbeddea with
thin limestone streakS...cccccvesvn-s00e0e 213,3 +» 213.5
Shale, nediul graY.csscscsnsssssssanssricisse 2335 240.3
Shale, 1iGht GTAY, BLlltYissescssssnisnnssnnsss £80.3 = 242.0
Howard Formation:
Limestone, medium to dark gray, finely
crystalline; contains abundant crinoids... 242.0 -~ 243.3
Br%18, GAYK gEAYccssscvsssssvsssssesnssnssnsss 283.3 = 45,3
Limestone, light to medium gray, very finely
crystalline; contains crinoids,
fusulinids, pyrite, and "black
ENCIUBIONS® cosssvssnvinsesssssnnssasnasene 245.2 = 250.8
Severy lormation:
Shale, MEGIiUM grBY.sssosvssssavssvsssanssssse 230.8 - 251.0
CORly BlACK ccovsorssesosnonsvsnssnssnsonnans 29,0 = 351.4
Bhale, BeUiUM Gra¥eservisssvsovanssersvonssas 433,84 = 257,80

Test Hole 2-81

Location: Otoe County, NE corner SE sec. 17, 7. 3 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, 19¢l1l. Completed: May 7, 1981.

Total aepth: 227.0 feet.

Description Depth, in feet
From To
Quaternary System:
soil (no smple)l".l......l....'............ 000 - 3.0

58



Description Depth, in feet

From To

Clay, yellowish browr; contains gravel....... 3.0 =~ 7.0
Clay, yellowish Lkrown; contains sand and

gravel...............................-.... 7.0 - 10-0
Cla:, ligh%t brownish gray, slightly silty.... 10.0 =~ 17.0
Sand, coarse; contains gravel...ccccccovcecess 17.0 = 19.0
Clay, tan, slightly 8iltY..cccccsscncsccesess 19.0 = 23.5
Clay, light DroWN.cc:.:scecscssnssssesssscssssss 23.5 = 24.0
Clay, light brown to light grYay...ceeseeeecese 24,0 = 31l.P
Clay, medium scray to tan, 8ilt¥Y..ccececececes 31.0 =~ 42.u
Clay, medium gray, S8iltY.cceosceoc sssccosses 42.0 = 47.0
Clay, light to medium gray, Silty.:..cccececee. 47.0 = 54.5
Clay, light greenish gray, SiltY..cceceee..es 54,5 = 59.5
Clay, medium greenish gray, €iltV.cecssecessese 59.5 = €4.3
Clay, medium to dark gray, Silt¥..ececccecess 64.3 = 68.0
Cilay, medium gray to greenish gray......e.... 68.0 = 79.5
€and, fine to mediunm; contains gravel........ 79.5 = 89.0

Pennsylvanian System ~ Virgil Seriss - Wabaunsee Group:
Auburn Formation:

Shale, pale O0liVR...ccovvesssnscsssnssvscnsnss 89,0 = 33.0
Shale, light greenish gray..ccccsccescccccces 93.0 = 94.0

Shale, light to Ledium Qray.ccesvsesssescsses 94,0 = 103.%
Wakarusa Formation:
Limestone, medium gray, finely crystalline;
contains crinoids, fusulinids, brachio-
pods, and 0sagi@.....eevsevrensvanaanasass 103.5 - 107.4
Soldier Creek Formation:
Bhale, MpLIUNM JTRY ssesvsvssnssssunsvsnesevves A07:8 '= "J1080.5
Limestone, medium gray tc tan, finely
CEYBERILANS . coivvasnisstssonsesrsvsnssisnse 100,95 = 130.2
Limestone, light gray, finely crystalling,
pseudo-ooclitic; contains Osagia and
GIBNCOBALR . s ss6esvsssssnstodvinbosanessvesn JIDZ2 ~ 1382
i, 1IONE GEMYccosvnsssavsnsrsnvasssasaces Lisa = 117.8
Shale, medium Qray..cocsesscsessvsssssassssnss 117:.0 = 120.1
Shale. light gEBY:cevsscivrssevbssnsonisssss J280.1 = 126.2
Burlingame Formation:
Limestone, medium gray to tan, finely crys-
talline; <ontains fusulinids and Csagia... 126.2 - 127.5
Bhale, light Qra¥i.csvisssnssvensssvnssvcucns AEl«3 += 1238,6
Limestone, tan, finely crystalline; contains
fusulinids, Usagia, glauconite, and
SEY10LILteB .o csvvissenossnisissvoinncsisnoses 228.6 = 131,00
Scranton Formation:
Silver Lake - White Cloud iMembers:
Shale, light g¢greenish gray mottled clive..... 131.0 =~ 132.8
BDBYS; TLOHR UMY .icvensssoncnrssnossnisnssive 232:8 -+ 350,58
Shale, light gray; contains brown sandstone
stredks And PYTEte...scssvarsosssansnssvse 150,85 = 15)1.0
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Description Depth, in feet

From To

Shale, light .ray; contains brown sandstone

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

Stteaks..............-.......-............ 163'4 - 179.3
Sandstone, medium to dark gray...seessesssees 179.2 = 180,1
Shale, light gray, Silty..ceccecessssccesces-ss 180.1 = 192.0
Shale, medium gray mottled tan; contains

br..vn sandstone StreakS...cccevccsescsssss 192,00 - 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 pyrite'o.o.o-o-o--o-oo-oo-.cotoo-ooo-. 212.0 - 212-2
Shale, light gray; contains brown sandstone

Btreaks..,...............-......-....-.... 212.? b 21‘.3

Howard Formation:

Limestone, medium ray, very finely crystal-

line; contains crinoids and abundant

fusulinids...........-............-....... 21‘.3 - 216.2
Limestone, light gray, very finely crystal-

line; cecntains crinoids, fusulinids,

Osagia, and pyrite....eeeesccscccccncannes 216.2 - 222.4

Severy Formation:

Shale, black, carbonacCeoOUS...ccesscsscssescss 222.4 = 222,7
Shale, LIGALt GraYicssesv-csssserssssssescnasce S88el = 227,0

Test Hole 3-81

Location: Otoe County, NW corner sec. 21, T. 8 W. 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 3, 1981. Completed: Ifay 8, 1981.

Total Depth: 182.0 feet.

Description Depth, in feet
From To

Quaternary System:

SOil (nO sample)oo.'o'oooo..oo.--o.o-o.ooo--. 000 - 6.0
Clay, Drown..cescescsssscesscscsssccssosccnssns 6.0 = 18.0
Clay, light brown to tan, sAndy....cccceseees 18.0 = 22.0
Clay, gray to tan, Sandy..cccscecccscsssssese 22,0 = 25.0
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Description Depth, in feet

From To

Clay, tai, very Sandy.csscesssssessssscssnses 25,0 = 32.0
Clay, brown, very sSandy.cccscecscsscsssssssss 32,0 = 44.0
Clay, light brown, Sandy..eceeeecissssscscssese 44.0 = 51.0
Sand' fine.........-..-...................... 51.0 oy 54.5
Clay, light brown, very Sandy..cccscsccessces 54.5 =~ 59.0
Clay, light gray, Silty.cececccccsssscecasess 59.0 = 62.5
Clay, medium gray, very Sandy.sscessesssssccs 62.5 = 71.0
Clay, Aark gray.cesccecsscsscssscsscssasscnces 71.0 = 76.5
Clay, light gray, silty, sandy....ccceeeeeees 76,5 = 88.0
Clay, greenish gray, Sandy...ecesesscsscessss B88.0 = 95.5

Pennsylvanian System - Virgil Series - Wabaunsee Group:

Aururn Formation:
Shale, IEd.........-.-...-................z.. 95.5 - 98.5
Shale, olive, mottled yellow and red......... 98.5 =~ 100.3
Shale, OliVE..coonssssossassssssssassscnsosns 00,3 = 103.0
Shale, rnedium Gray...seesceesssssssssssssssss 103.0 - 112.8

Wakarusa Formation:
Limestone, medium gray, finely crystalline;
contains crinoids, fusulinids, brachio-
pods, and pyrit@.....cesecceessccscsscasss 112.8 = 115.0
Limestone, medium gray, finely crystalline;
wontains Jusulinids, pyrite, and "black
ANCIUBLONE® susve. vossssasarnssasanpsvasses 2230 = 1 1X7 2
Soldier Creek Formation:
Shale, Mediil GEAY.:ccesssssesssvscsssneasasve AhTsd2 =  118.3
Limestone, light gray to tan, very finely
crystalline; interbedded witi: shale,
light greenish gray..secesccccssscssssccsss 118.3 = 120.0
Shale, reddish YrAY.sssesssssssnanssvesssnnee 1a0> = 128.1
Shale, light greenish gray mottled red....... 121.1 = 121.8
Limestore, licht gray, very finely crystal-

line; contains Osagia and glauconite...... 121.8 - 123.8
Shale, light greenish Oray...ccecceesseccesss 123.8 = 127.0
Shale, light GraY¥.ccccssssssesssssscssossscns 1270 = 130,0
Shale, medium gray.cscesccesocesssssvssscsses 130.0 = 135.1

Burlingame Formation:
Limestone, medium gray, finely crystalline... 135.1 - 135.6
Shale, light QEBY.ssdsssdisvinsrsnsssssvsesve 23568 =, LI6:P
Linestone, light gray,; very finely crystal-
line; coitains glauconite@.ccceesesssosssss 136.8 = 137.5
Limestone, light greenish gray, finely crys-
talline; contains abundant glauconite..... 137.5 = 139.3
Scranton Formation:
Silver Lake - White Cloud Meubers:
Sandstone, tan; interbedded with shale,
Greanish. GYBY cccsevrssssvsvssnsensesnsares Sa¥sd = L141.8

Shale, black, carbonaceOUS..cccesssssesovssss 141.,8 = 142,2
Shale, light qreenish gray..-....-.......-... 142-2 o 145.0
Shale, redou..noc...o...o..c'..0.....0..0.... 145.0 - 149.5
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Description Depth, in feet

From To
Shale, green mottled red.....ceeeeeeeeeescees 149.5 =~ 151.0
Shale, red mottled green....cceeeeececeeceses 151.0 = 155.3
Shale, green mottled red....eeee seceveeesees 155.3 155.9
Shale, red mottled greeN.....ceeeeeeseoescess 155.9 - 158.5
Shale, olive mottled red....ceceeveccosooseee 158.5 = 159.5
Shale’ mdium gray-oooo-ooocooc-o--ooo.ooo... 159.5 o 167-2
Cﬁal' blaCk..... LA I I I SR S Ay 167.2 . 167.5
Shale, medium Gray....cceeeeccscvcccccesscees 167.5 = 182.0

Test liole 4-81

Location: Otoe County, SE corner NE NI SE sec. 5, T, 8 N,,
R. 10 E., approximately 2012 feet north of south
section line and 30 feet west of east section line.
Ground-level Flevation: 1149.0 feet above mean sea level.
Started: May 8, 198l1. Completed: May 8, 1981.
Total Depth: 137.0 fee:.

Description Depth, in feet

From 22

Quaternary System:

SOil (NO SAMPle) cuvevrucossseocesocnncncnonns 0.0 =~ 3.0
CLAY, DEOMIL; BLICV s vsosascossssinnnéns cossns 3.0 =~ 8.5
Clay, light tan, very Silty....eeeeeecccesens 6.5 ~ 20.0
Clay, light tan, Sandy..ceeeecccecsccscccsees 20.0 = 38,5
CARY; CAl; BLIEY s insrovdasnwinsaisrsrdvenie IS = 43.0
Clay, gray, sandy, Silty¥....cceevececscssccees 43.0 = 47.0
Clay, medium gray, Sandy....ceceeeeeeeeccesces 47.0 = 51.0
Clay, light gray, sandy....cccecoecccccecscee 51.0 = 62.0
Clay, medium gray, sand¥..cecssocssscoccsnses 62.0 = 69.0
Clay, medium gray; contains gravel........... 69.0 - 74.5

Fennsylvanian feries - Virgil Series - Wabaunsee Group:
Auburn Formation:
BhR1sy; OlAWG . sssvscssvsnvsisbonnssvnssssissens TS = 76.8
Wakarusa Formation:
Limestone, medium gray, finely crystalline;
interbedded with shale, mediwm gray....... 76.8 - 79.6
Shale, black; contains carbonac:.ous
BALRELIAL. scsssssrssavesissssonsrssnsenivnns T9.8 = 80.0
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Descrintion Depth, in feet

From To

Limestone, medium cray, finely to very
finely crystalline; con“ains brachiopods
and PVrit@iccccscceccccssscccsssscensenses 80.0 = 80.4
Scldier Creek Forration:

Shale, medium gray..ccececsesccrccscsscesscss 80.4 = 82.0
Shale, r&ddish gray..............--........-. 82.0 - 8’.2
Limestone, light gray, very finely
CEYStaAlline.cocenvessvsssossnsssnsssssecass 4.2 = Bu.l
Shale, gray tO t@8N..ccese scssessssssssssssss 86,1 = 87.8
Shale, medium gray.ccccccccssscesscsssssssssss 87,8 = $2.0
Shale, GBXK GEBY:ceccssossecsavssssssessassse J8.0 = 98.3

Burlingame Formation:
Limestone. medium gray, finely crystalline;
contains gastropods and pyrite............ 98.3 - 100.1%
wimestone, medium gray, variably crystal-
line; contains 0SaGgid..ccseessssrscccnncas 100.4 - 101.4
Scranton Formation:
Silver Lake - White Cloud Members:

Shale, medium gre~nish gray...cceecesssssesss 101.4 - 102.6
Shale, mediur: Olive GriaY..ccceevscsssroscesese 102.6 =~ 104.3
Shale, grayish red.....ccesccceescccssssssces 104.3 - 105.0
Shale, light gre@RN...c.coscasesnssesensssscss 405.0 = 108.0
$hale, ARLE P8, .csvsvs. vnissrssnsuiesnsvssns- 000 = LIRS
BRI, YRR cissnnssssnsnssnansissmnenetennve Shhed = 5100
Shale, red; interbedded with limestone,

GRBY s o5 sssasesnsnssasssnsnvidhnaaeassnyriny Ihdell- (= ELHeS
Shalte, Az 208.. s sicnvesussansriirssoonssnss MMIsd = 86
BRAle, OliVe i cicsnsssssndanssonwserssnsnsveny SaBell = 830, 8
Shale, medium gray..ccscoeccscossossasccnsess 118.8 =~ 126,7
SBale, light GrB¥.covsicrnversnisrssavsnssvnn 18BsT = 1280
CORY: BLECR . . csrunivsssvessssvoysnaisnassnses SERuG. = KiWs§
Shale, light graY..ccssvssscssssssssssssseses 128.4 = 130.0

Shale, Mediulm gray..cccecsccccscsssssocsssssss 1300 = 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.

Startecd: May 11, 1981. Completed: May 11, 1981,

Total Depth: 136.C feet.
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Description Depth, in feet

From To

Quaternary System:

DOLE TN RRIDIE) oo snbvansses sbpsanss= o Eedssss 0.0 =~ 3.0
CIAY, Drown, Silty, BENAY.cssssssnvssvsssunsse 3.0 = 6.5
Clay, light brown, silty, sandy...ccceeeccces 6.5 = 11.0
Clay, medium ¢ray to brown, silty, sandy..... 11.0 = 14.5
Clay, brown, Santly.scesscsvssossssscnsssnnsss 14:5 = 17.0
Clay, brown, very sandy....cseecce0scsseseeees 17.0 = 24.5
Clay;, medium gray to brown, sandy...ccceceees 24.5 = 38.¢
Clay, medium gray, slightly sandy..c.ccceveses 38,0 = 43.4

Pennsylvanian System ~ Virgil Series - Wabauns2e Group:
Emporia Formation:
Reading Member:
Limestone, light gray, finely crystalline.... 43.4 - 44.9
Shile, medium graYQooo-o-.'o.ooo-o.ocoo-co-oo 44.9 - 46.2
Limestone, tan, weathered, finely crystal-
line; contains fusulinids, crinoids,
Osagia and manganese staining...c.ccceeees 46.2 = 48.1
Auburn Formation:

Shale, Olive......--......................... 48.1 - 50.1
Sh&le, red....................-.......-..-... 50.1 - 58.0
Shale, red mottled greée€N..css:--seseoseve-.000 98,0 = $9.0
ShAle, TOO. ssacssnasncsssssonassssnsscericas 29,0 = 63.7
Shale, red; interbedded with limestone,

BOdiNN SXBY s ssenssnrussssssnvsvassinionise OFsl = 66.5

Shale, grosh MOtEtled YOdi.cscosssnsassssnnase 86,5 = 70.8
Shxle; divl gEAY.scssvovcsssssssmnsnsasnsase 108 = 79.3
Wakarusa Formation:
Limestone, medium gray, finely crystalline;
interbedded with shale, medium gray....... 79.3 =~ 80.3
Limestone, medium gray, finely crystalline;
contains fusulinids and brachiopods....... 80.3 =~ 83.2
Limestone, light to medium gray, finely
crystalline; contains fusulinids....eces.. 83.2 =~ 84.0
Soldier Creek Formation:
Shale, medium gray mottled red....csceecesese 84.0 = 85.3
Limestone, medium gray, very finely
Crystalline..........-.....-..-.......-... 85.3 — 86.2
Shale, medium reddish gray.ccccecesccessecsess 86,2 = 87.2
Shale, Nedium graAY.sscorsvvepasvssesssssovess BDled = 88.6
Limestone, licht gray, finely crystalline;
contains Osagla ssesssssssesnssessssssenss BE.6 = 89.6
Limestone, 17-nt gray, very finely crystal-
line; contains glauconite€.....eeeeeeeseees 89,6 = 91.8
Fhale' medium gray.o-o.<-1.0..00000...00..0.. 91.8 w 101.2
Burlingame Formation:
Limestone, medium gray, finely crystalline;
contains "black inclusions”....c.cc0cee0s0. 101.2 = 103.1
Shale, medium greenish gray....secsceseeesess 103,1 = 104.2
Limestone, light gray, very iLinely crystal-
line; interbedded with shale, red....ce..s 104,2 - 106.5
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Description

Scranton Formation:
Silver Lake - White Cloud !Members:

Shale,
Shale,
Shale,
Shale,
Shale,

red.o.....o...o-ol~ol.n.i..n...o.....’
red ﬁnttled gray.oo........-.0........
greenoonolt-..O..O...'...tct..o.......

red....'...l........l..‘....‘........l

red; interbedded with limestone,

mdium gray.....C....I..O.............'...

Shale,
Shale,

1ight qrayotol..'.tooooooccoa...o-\‘cc.
medium gray.u.lo.00.........'.....'...

Limestone, medium gray, very finely crys-
talline; contains Osaijia; interbedded
With shale' dark gray.’....."............

Shale,

Coal,

Shale,

Location:

Ground-leve

light gray.........C.'...........‘....
black.........................DQ....'..

l'nedium gray....o...--c.l.to..v..o...l.

Test Hole 6-81

Otoe County, SW corner sec. 1, T. 8 NW.,

Depth, in feet
From To
106.5 - .¢7.0
107.0 = 109.2
12,2 =  110,2
110.2 - 117.2
317.2 = 3201
120.1 - 122,27
122.3 - 123.1
123,12 - 123.3
123.3 - 129.8
129.8 -~ 130.2
130.2 - 136.¢
Ko 10 By

approximately 207 feet north of south section line

and 103 feet east of west section line.

1 elevation: 1132.5 feet above mean sea level.

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

Total Depth: 205.0 feet.

Quaternary
Soil (
Clay,
Clay,
Clay,
Clay.,
Clay,
Clay,
Clay,
Clay,

Description

System:

NO SAMPle) cececsscscsssssssssnssssnssvesne
gray to tan, Sandy.cccsecccscssccscssass
gray, Silty, Sandy.eeecccccccccsvesscns
gray to brown, silty, sandy..cccceescse
gray, Sandy..ceccessscsssccsesescssacssa
brown to gray, sandy.eccccccescscscccsses
gray, Sandy.-ccescssssscssscssssccsccse
gray, very silty, Sandy.:eeescccccccsse
dark gray, very silty, sandy.cccescecee
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Depth, in feet

From To
0.0 = 4.5
4.5 - 10.0
10.0 =~ 19.0
19.0 = 25.0
25.0 =~ 32.C
32.0 =~ 38.5
38.5 =~ 47.0
47.0 - 105.5
105.5 - 108.9



Description Depth,

in feet

From

Pennsylvanian System - Virgil Series - Wabaunsee Group:

Burlingame Formation:
Shale, gray €O dRrk Sra&¥ssscocssessssvssaness
ShEle, O IV8,..sesvensssessensasnssnsscnnssnns
Shale, olive, interbedded with limestone,
gray............O............'.....Il.'...
Bhale, Dodiul OraYscosonssnnss sossbrbesnvessd
Limestone, gray to tan, variaoly crystal-
line; contains glauconite; interbedded
with shale, O0liVe..coavsrivcansessssnsrnsss
Scranton Formation:
Silver Lake - White Cloud lMenlers:
Shale; 1ight gre8N...ossssivnssvscsssnosseibehs
SDAle, DIREK.cosssnssavionsevssvesvssarenneens
fhale, medium greenish gray..ccccecececcccescss
frale, red mottled greeN.cccsccccccssscsnssss
Shale, JIgHE GEBY.sccovssssodosnnssssssssinss
CORl, DIBCE.cvisvvcvsssssnsidsrsesasnnassssens
ShBle, lIGRE QRAYiscssssnsnssovssnsssaainnens
Shale, MEALUR GrAY:ccescsssrsorsssssancsonsins
Howard Formation:
Limestone, light gray, firnely crystalline;
contains brachiopods; interbedded with
Shale, BEALUR gERY .cvessssssésnnssebapinnss
Lizeostone, medium gray, very finely crystal-
line; interbedded with sira.e, medium
grayo.......00....‘.0.00'..'....-.QO..‘...
Shale, mMedium gray.scccssssssesssscvsscnsencs
Limestone medium gray, verv finely crvstal-
line; contains fusulinids, Osagia, and
.bla(k i:.:lusiOHS'.....................-.-
Limestone, light g:ay to tan, very finely
crystalline; contains fusulinids, Osagia,
and coarsely crystalline calcite streaks..
Severy Formation:
COBL,; BIBOR..onscosssnsnnnssnssesssneshsnnsnes
BLitatore; Iight g8V .sscovecsssssnasavsurass

Test iiole 7-81

Locaticn: Otoe County, HE corner SE NL sec. 14, T.

108.9
109.3

110.2
111.4

112.1

113.0
114.8
115.4
123.5
134,2
139.5
139.9
167.0

188.3

199.4
190.7

193.4

194.7

198.6
199.4

8 N.,

R. 10 E., approximately 1920 feet south of north
section line and 19 feet west of east section line.

Ground-level elevation: 1124.5 feet above mean sea level.

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

109.3
110.2

111.4
112.1

113.¢

114.8
115.4
123.5
134.2
139.5
139.9
167.0
188.3

190.4

190.7
193.4

194.7
198.6

199.4
205.0



Total Depth: 130.v feet.

Description Depth, in feet

From 22

Quaternary System:

Soil (NO sample) cceeveesccccssssscsssssnsnsnses 0.0 =~ 6.0
Clay, medium gray, very Saindy.ceceeccsccccssss 6.0 =~ 10.0
Clay, tan to medium gray, sandy...eccceeesee. 10.0 =~ 15.0
Clay, tan, S8aNAY.csvesccscssciossscsssssnsass 13:.0 = 17.0

Pennsylvanian System - Virgil Series - Webaunsee Group:
Willard Formation:
Shale, medium grejy; contains sandstone
BEEGERD: s sn s csassitnsan it insnssbsanssse Slall = 23.0
Shale, ligh* gray; contains sandstone

BLTOBRB . s csscavesosntssonssrssnssnssiassisse 230 = 32.0
Shale, DeAiul Gr&Yessesorsnccscsscssssnssosse 228.0 = 44.5
Shale, medium gray, Sandy.ccccsccsccssccscses 44,5 = 48.5
Shale, medium greenish gray...csceeeeseessses 48,5 = 51.0
Shale, green mottled red...ccecescecescssceces 91.0 = 52.0
Shale, red and gre@Neccsvsscssvisnsssssssssss 20 = 53.4

Emporia Format.on:
Elmont - Reading Members:
Limestone, medium gray, finely crystalline,
pseudo-oolitic; contains glauconite and
PYTitBessonsessnncsncusssessssnsnsssanssas Sdod = 54.2
Shale, Todiisscnsssstssressssnassncssnsnsenss el = 56.4
Shale, medium gray; interbedded with lime-
stone, MEAiUN GrIYicisesroansssvssnsassssoss 0.4 - 56.8
Limestone, light gray, very finely crystal-
line; contains Osagia and coarsely crys-
talline calcite streaki...ccecssevssscsss. 956.8 = 8.5
Shiale, BOdivl OTBY s esiossvssssovisssssassass I3 = 59.8
Limestone, light gray to tan, very finely
crystalline; contains brachiopods,
fusulinids, Osagia, and glauconite....s... 59.8 = 62.:2
Auburn Formation:

Shale, light greeN...ceessscccssesssscsssssss 62.2 = 63.5
BhAle, YOR. . vesiivisasniévisisvnssesvsosnoses BN = 71.2
Shale, red mottled yre®N..c.ccecccsscocssssce 711:2 = 71.6
Shale' red.............-....-........-....... 71.6 = 77.5
Shale, red, very Sandy..ccssesscecscscsscsase 17,5 = 81.0
Bhale, OLiVR.cosssssnsnvranisesanasssnpsbsnnns Fhil) 83.6
Shale, grayish greeN....sssesseececcsscsssssece 83.6 = 85.2

Shale, medium OraY...ccccsscvcssncssscsssscsse 85,2 = 93.3
Wakarusa Formation:
Limestone, medium gray, finely crystalline;
contains brachiopods, fusulinids, and
pyrite.................................... 93.3 et 93.9
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Description Depth, in

feet

From

Limestone, medium gray, finely crystalline;
contains brachiopods, Osagia, "black
inclusions,” and abundant fusulinids;
interbedded with shale, green....ceeeeeeee 93.9 =

Soldier Creek Formation:

Shale, mediulm Gra¥.csevcccsscssssavsssscencess 98.2

Shale, light grayish green..sccscecccscescses 100.7

Limestone, light gray to tan, finely
crystalline; contains 0sagiad..cceececessss 103.,2

Shale’ mdi‘m gray...l...‘......"..'......IO 105.1

Shale, medium olive Gray..cccccecsccsscescass 107.8

ShAIel mdium gray......C".‘.Q......'..lQ... 110.5

Burlingame Formation:

Limestone, light greenish gray, finely
crystalline; contains glauconite, pyrite,
and "black inclusionsS®...cccsvvescesscssss 116,1 =

Scrarton Formation:
Silver Lake - White Cloud Members:

Shale, medium greenish Gray.cccecccccescccecss 119.9

Shale; black.ccsssssossssssranssssssanscnnsss La8Lad

Shale, grayish greeN.cccccscccocccscscsssncsas 122.7

Bhale,; 1ight greMN cisconivrvsnsorresanssosss AEToD

Test Hole 8-31

Location: <« toe County, SW NW SW sec. 7, T. 8 N., R. 11 E.,

To

98.2

100.7
103.2

105.1
107.8
110.5
116.1

116.9

121.2
122.7
127.5
130.9

approximately 1700 feet north of south section line

and 20 feet east of west section line.
Ground-level elevation: 1093.0 feet above mean sez level.
Started: May 13, 198l1. Completed: May 13, 1981.

Total Decth: 122.0 feet.

Description Lepth, in feet
From To
Quaternary System:

SOil (nO sa-ntple)o.oo.oo.aoan.oao.c.o.o.o-o-oo 000 - 400
Clay, light brown, sandy..cssescssessessvesses 4,0 =~ 11.5
Clay, light brown, very sandy...cccceceseseeee 1ll.5 = 15.5
Clay, brown, sandy, BilltY..scssavescosensences 135 = 21.0
Clay, brown' Sandy...........-......-........ 21.0 = 26-0
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Description

Depth, in

feet

From

Pennsylvanian System - Virgil Series - Wabaunsee Group:

Auburn Formation:
Shale, red, very sandy..

DI I R I I B O B

Shale, red, and siltstone, red..ccecccccccnes

Shale, ClivVe.cssccsccnse
Shale, greenish gray.-..
Shale, nedium gray..ecss.

P T R I B B I B I

T N R O N L B B I

O A O I N A B A I A L RS

Shale, nedium gray; contains abundant

PYFit@.cseccsvcsncnne
Wakarusa Formation:
Shale, medium gray; inte
StOnNe, grayeccecsccacs
Limestone, medium gray,
contains brachiopods.
Shale, blacKk.csesoescsce
Limestone, medium gray,
contains brachiopods.
Shale, blacke.ssessssses
Limestone, nedium gray,
line; contains fusuli
ErachiopndS.ccesscsss
Scldier Creek Formation:
Shale, light gray..cese.
Limestone, light gray to
crystalline; contains
Shale, red...ccesccsnces
Shale, red mottled green

CRCEE R R O B B B O B O 4

rbedded with lime-
finely crystalline;
finel; crystaliine;
finely crystal-
nids and

PR I L I

tan, very finely
fusulinids..cceceess

Limestone, light gray, very finely crystal-

line; contains 08agiA.ceecscsccscccascssscsee
Limestone, light greenish gray, very finely

crystalline; contains
and glauconite....«..
Shale, light green......
Shale, light gray...cces
Shale, olive gray ec.sses
Shale, medium gray...se««
Shale, medium to very da
Burlingame Formation:
Limestone, medium to dar
crystalline; contains
Limestone, medium gray,
line; contains "black
PYXitB.icscesssncnvnas
Limestone, medium gray,
contains fusulinids,
pyrite, and "blark in
Limestone, light greenis
crystalline; contains
glauconit@.ceccvioncae

fusulinids, Osagia,

DI R I I I R I O

rk gray...’l‘ L

k gray, finely
0SAgyiladceescsncrnnnns
very ‘inely crystal-
inciusions" and

finely crystalline;
Osagia, glauconite,
CLUBLONR" 0 ie v v it nibn
h gray, very finely

OSagia and

R R T N I A
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26.0
27.2
32.7
35.0
36.8

41.2

47.2

48.1
49.4

49.5
50.6
50.8
51.9
53.4
53.9
55.0
56.1
57.0
59.6
60.2
62,3
63.0
71.2

71.4

71.6

73.0

74.2

To

27.2
32.7
35.0
36.8
41.2

47.2

48.1

49.4
49.5

50.6
3%.8

59.6
60.2
62.3
63.0
71.2
71.4

71.6

73.0

74.2

75.1



Description Depth, in feet

From To

Scranton Formation:
Silver Lake - White Cloud lMembers:

Shale, light grayish green....ccecececcccscese 75,1 = 75.6
Shils,; GAEE OFAFcccvvasinbosngsosasinsssrsnes - THelh ™ 77.5
Shiale, MdiuR graY.cssssscescsssnassanssnsncns 17:5 = 79.0
Shale, light green.....csesceevvesasscsccscsces 19.0 = 84.4
SBale, XYiliscivessnsosvssnsacesnsssvansssosss Bl.d = 87.8
Shale, red; interbedded with limestone,
gray...................................... 87.8 - 90.1
Shale, red mottled greenN...cccvecesccsscnsses 90.1 = 90.3
Shale, ted-.........--...-.-.........-....... 90.3 o 92.0
Shale, red mottlcd gteen..-.................. 92.0 - 93.5
Shale, 1ight gray............................ 93.5 o 95.1
Limestone, medium greenish garay, ~~dium
crystalline; contains abundant
EXAChiOpOdS.cssscnscssssscscsssssssssanses 35.1 95.4
Do, BOGIUE GERYsvesssvssncsessrsavasncsnces JT9.4 = 96.5
Coalp blaCk............-..............-...... 96.5 - 97.0
Shale, light greenish gray...cascesccccsecscsss 97.0 = 102.4
BhEle, DlBCKR.ccssvsrsonssssnnisssnnsisnosasves 20284 = 102.§
Shale, 1ight graY.csccooscsrevsassnavisiscance 102.,6. - 322.0
Test llole 9-81
Location: Otoe County, NW MY MW 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 To
Quaternary System:
SOil (no sample)....D.....O'l.’.l.l...'..n'.. 0.0 - 3.0
Clay, brown, SaNAY.:sssesisssssessnsssssssssnss 3.0 =~ 4.5
Clay, medium gray to brown, sSandy..cecceceesess 4,5 =~ 6.0
Clay, light brown, very sandy...ccccecesecssse 6.0 =~ 8.0
Ciny, OIive, BEDAY cccsvsossisvsnssnsssrinssosd 8.0 = 10.0
Clay’ tan, Bandy......-........-............. 10.0 - 10.5
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Description

Permian System - Big Blue Series - Council Grove Group:

Red Lagle Formation:
Bennett Member:

(no mple).oo..a..o-0..000..0.....0'.0.-"..

Glenrock Memkier:

(no sample).oﬁ..'.l..00..00'.........0.'...'.

Johnson Formation:

(RO SamMple) ccevescsccsnssccsssssnsscsssansons
Limestone, olive to medium gray, very finely
crystalline@..cceccecccscssscscsscscsccnssne
Limestone, light gray, very finely
Crystalline..ccsescessccccccssvcncsccncses
Shale, grayish CreenN..ccccccscsccccsccs sssns
Limestone, medium greenish gray, very f{_.nely
Crystallin@..cseces svsoensssscoscsssnnnsns
Limestone, gray to pale red, very finely
Crystalline..ceescescccccscsssccscncnssrone
Shale, greelN..cccessscssssssssssssscscssssanssns
Shale, tan, liMy..cceccccsssscscsccsssscssnnsns

Foraker Formation:
Long Creek Member:

Limestone, tan, very finely crystalline......
lLimestone, medium gray, very finely
crystallin@..cscccccscccssscccscscscsssscsnne
Limestone, tan, very finely crystalline......
Limestone, medium gray, finely crystalline...

Hughes Creek Member:

Shale, dark gray; interbedded with lime-
stone, medium Qray..cccsecscssssccssssscsnse
Limestone, medium gray, medium to finely
crystalline; contains fusulinids,
brachiopods, crinoids, and Osagia.........
Shale, light Gray..sscccccccsssccscssccc-sonss
Shale, medium gray; interbedded with lire-
stone, Medium GraY..ccscsssssscsscsscsscnssss
Shale, medium to dark gray..cesceeescsscsccsses
Limestone, light gray to medium gray, finely
crystalline; contains brachicpods,
fusul.nids, and pyrit@.cccsccscccsccccsscs
Shale, light gray...cccccccescsccccncsssscsss
Limestone, light gray, finely crystalline;
contains brachiopods and crinoids;
interbedded with shale, light grav.....e..
Shale, light gray..cccccssssscccssscccsscssnss
Shal:, light grayish greell..ccccececsccsscssccss
Limest~: e, medium gray, finely crystalline...
Shale, ery dark gray.cccccesccscccssscssacasce
Limestone, medium c¢ray, finely crystalline;
contains Osagia and "black inclusions”....

Shale, medium gray..cecesececes
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Depth, in feet
From To
10.5 = 15.5
15.5 = i7.0
17.0 = 20.0
20,0 =~ 21.0
21.0 =~ 23.0
23.0 =~ 23.5
23.5 = 24.0
24.0 =~ 27.4
27.4 -~ 273
27.5 = 28.5
28,5 =~ 30.0
30.0 =~ 30.4
30.4 - 32:5
32.5 - 34.0
34.0 - 38.8
38.8 =~ 41.1
41.1 -~ 41.8
41.8 =~ 45.0
45.0 =~ 47.5
47.5 =~ 43 .4
48.4 -~ 50.0
50.0 =~ 51.6
51.6 -~ 52.0
52.0 =~ 53.9
53.9 =~ 55.1
55.1 =~ 56.8
56.8 =~ 58.4
5804 - 59.0



Description Depth, in feet

Fromn Tc
Limestone, dark gray, finely crystalline;
contains 08agid...ccocsvosssscnsscssosanss 59,0 =~ 59.2
Shale, Mdiul GrAY cessvevonsssnssssssnsesnsen  Jed = 60.7
Limestone, medium gray, finely crystalline... 60.7 = 61.1
Shale, medium graY.csssesscessssncscsnsssnsse 6l.1 = 61.6

Limestone, medium gray, medium crystalline;

contains brachiopods, crinoids,

fusulinids, and O0sagid..ccevee:-.veenesnces 61,6 = 63.3
Limestone, medium gray, finely crystalline;

contains crinoids, fusulinids, brachio-

pods, and "black inclusions®™.....ccc.0000. 63.3 = 64.0
Limestone, light gray, finely crystalline;

contains abundant crinoids; interbedded

with shale, medium gray..ccceecocoscsscese 64,0 = 64.5

Shale, medium to very dark gray...cesescesese 64,5 = 65.0
Limestone, medium gray, very finely

CEYRERALIADE  cscssinssisnsindinsnsshsnppane SOl W 65.6
Shale, medium to dark gray..cccccceccsseccese 65.6 = 65.9
Limestone, medium gray, finely crystalline... 65.9 - 67.1
Shale, medium greenish gray.....cccseeececesss 67.1 = 68.1
€hale, medium gray..cccceceecccsscsssoescssccsss €8.1 = 69.0
Limestone, medium gray, finely crystalline;

contains brachiopods, Osagia, and "black

NCLUBEONB™ . cosrcssssionssominnsnsssnnnnss - 0RO & 71.4

ShAala, BOGLIUI QGERY s o inisosnsoianssiosnsinses [ Thall: ™ 74.1
SRRl DRASK . ssrsisisrdossivnssssrsanpenisss. THYL = 74.3
Americus Member:

Limestone, medium gray, very finely crystal-

line; contains brachiopods, bryozoans,

and black carbonaceous material....c.cees. 74.3 = 7948
Bhale; CAXR GERY i cssdisisnnnseonsnshinsbiose’ 1528 = 76.8
Limestone, light gray, finely crystalline;

contains crinoids; interbedded with

shale, dATK GEBY..cssevssnsssissonssveesnes J0.,8 = 77.0
Limestone, medium gray, finely crystalline;

contains brachiopods and fusulinids....... 77.0 = Tisd
Shale, medium to dark graye.cceccsceccscssccss 17,3 = 77.7
Limestone, light gray, very finely crystal-

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

Admire Group:
West Branch - Hamlin Formations:
Shale, Jight GEAV . isissssasssnsnsnsassavsnns 18,1 = 82,3
ILimestone, medium gray, very finely
CEYBEBLLING . s ssisvrssdisvibssenrssinesnsasnn Bled - = 82.6
Bhale, modiul gEBY s svsiesssssenssnsasssnssnsy B8 = 88.1
Limestone, medium guiay, very finely crystal-~
1156) CORLAINE PYELLG. soscsssvvrsvsissanse  BBY = 88.3
Bhale, Eedium gRBY eevsisvsssnssndnssssncsssss 88,3 = 88.9
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Description Depth, in feet

From To

Limestone, medium gray, finely crystalline;

contains brachiopods, Osagia, and pyrite.. 88.9 - 90.1
Shale, GrEBR..ssescrssssssosossrsnsssssannces - Mel = 92.0
Shale, reddish gre@N...scssrssssssssssssssnnss 32,0 = 93.8
ENALE, QBB csessvasbasisaronsrsnespassnsnnn s FIul o 94.7
Limestone, cream, very finely crystalline.... 94.7 =~ 95.8
Shale, greeN..cssvesscsncssssssssssssnsnsssss 93,8 = 96.0
Bhale, TOA..cssonsosssnncssvsssnsssnssnnssnces 30,0 = 97.0
Shale, Medium gra&y.ccssccoscsvcnvsssscscssseeese 970 = 97.4
Limestone, light gray, very finely

Crystalline.............-................. 97.4 o 98.0
Shale, grayish greeN....cccseseeccsccscssssss 98.0 = 98.4
Shale, Pediiicesssniornnvansnddsstmasobanncss el = 99.0
Shale,; D1IVe i vcscsovsasnosnssssvannssnsusnnsse ISPl = 99.5
Shale, red mottled greéeN.ccssesssvssssssesnse 99,5 = 100,0
Shale, 01iVEicecosenossonssisssbssansansssssss 100.0 = 100.3

Limestone, very light gray, very finely
crystalline; contains glauconite.......... 1£0.3 - 102.5
Shale, red; interbedded with limestone,

CEW o w v 4 v 0o m b mnesdionees sas s pihtvnsississe IEve - . LOESH
Ehale, OV . covraasrscsisinansossnbsnbaseanss A0 = - I08. 6
Shale, gyreen; interbedded with limestone,

graYeccssscconsses e s e siveds sirarnsesss A0RE - F06S
BRALE, T e dsensniisprnesnmtmnntissonbisisies AGEaE - = RPEaE
ShalS, GrOMN. scsssssasassssssncisssnssnaresss 08k = 209,40
Bhale, Olive..sssesissnosinisonsssdsnsnssanss 2090 = 1098
Shale, Dodium GraY.cccscsccasassanssncrsnnsse 109:8 =  211.0
Bhale,; GrOBN sscsnssossvaasrasansesnveresveness Aol = Jlg.d
Shale, 1ight gray........-...-...-........... 112.1 b’ 113-8
Shale, dark gre@N.ccsesosssavsassssnas sssass 113.8 = 114.5
Shale, green; interbedded with limestone,

GEBY s issssissnnssnsssnssnnvsssnssiabiacvys LiM.5 = 2158

Shale, red mottled gre€N..ccsccseesssssssseess 115.8 = 116.9
Limestone, light greenish gray, very finely
crystalline; contains glauconite.......... 116.9 - 120.0

Test Hole 1l(~-81

Location: Otoe County, NE <.rner SE sec. 30, T. 8 N., R, 11 E.,
approximately 2!6? 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 Lepth: 130.0 feet.
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Quaternary System:

Description

8§01l (nNO sample)..scocvvccnssssssssvssnnsncss
Clay, tan, BandY.csc:icossnsssososansnssssses
Sand, VOAiUR.cosvssvsssnrsnsssssessancavsaese
Clay, tan, sandY.cccsssssosssssnssssnsssassnss
BANAYcosssscsssssessasnsssssenss

Clay, tanoo.0....QOQOQ.Q0....0.0!.....00....0
Clay, brown....oo.o.o.-....o..-..o‘..O..Il.o.

Clay, brown,

Permian System - Big Blue Series - Council Grove Group:
Foraker Formation:
Hugues Creek Menber:
interbedded with limestone,
gray.‘.l....-.....ll......‘0...........0.0
Shale, clive gray:;
BLORE, GERY svevarsasssvassvranyses ssnsssssess
Limestone, medium gray, finely crystalline...
BRGLE: QLYY inicawgunts e ihoradath 8 elnn ks
Limestone, tan, finely crystalline; contains
brachiopods and "black inclusions"........
Limestone, medium gray to tan, finely crys-
calline; contains brachiopoas and "black
inclusions”....

Shale, clive;

Shale, olive;

Americus Member:

interbedded with lime-

B A

interbedded with limestone,
GrAY e s oo st b ae Bt s nw i s s s s st sessmadesneds
Shale, QArk gEaYeesvdsvsssasssvsssnessanssoss
Limestone, medium gray, £finely crystalline,
pseudo-oolitic; contains brachiopodS......
Shale, MEAIUM QXaAY.icvcossnsosnassnssavssssas
Limestone, medium gray, finely crystalline;
contains 0Sagid..seesccssssresssasascnnnns
Shale, MeAiuMm YraY.ccvoevssesnssesssessvessnss
Shale, blacKk..cccscocccsscsvscsscsencscossonsce

Limestone, medium to dark gray, veryv finely
crystalline; contains fusulinids and
bLachiopodB.ssssssvecsssscssssssscssnsnnss

Shale, dark graycsssssscscscsssesssossssivssnsss

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

POAS s s

LR X B O N

Sh613, dark JLAY e s s e s s sssscssssnsssnssssnsans
Limestone, medium gray, very finely
CrYStalliN@ecsccsssssssnsasnesassviavassss
Shale; dark gra¥.sissssssnssssssnadcavsssssssis
Limestone, medium gray, finely crystalline;
cantaing brachiopodS..sssvssssssssssnssnne
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Depth, in feet
From To
0.0 = 3.0
3.0 " 3.2
8.2 = 8.5
8.5 = 21.0
21.0 = 26.0
26.0 = 28.0
2800 - 32.0
32.0 - 3':.3
34,3 =~ 37.5
37:5 = 37-9
37.9 = 38.6
3.6 -~ 39.0
39.0 =~ 40.1
40.1 = 41.0
4.0 =~ 42 .4
42.4 - 43.0
43,0 =~ 43.1
43.1 - 44.8
44‘3 - 47.8
47.8 =~ 48.2
48,2 -~ 49,2
49,2 = 50.1
50,1 = 50.2
50.2 50.7
50.7 = 51.3
- e B 51.5
51.5 = 52.0



Admire Group:

Hamlir Formation:

Qaks ilember:

vescription

SHAle, BeGLiUN GEAY . cosssosssshssessnsssessnnes
Limestone, medium gray, very finely crystal=-
iine; contains CrinoidS..iceccececccsvncess
BRI, DGR PR oy o i v o Bets s el e snsboss i
Limestone, medium gray, very finely crystal-
line; contairs fusulinidS......coceeeseenss
Shale, light QreeN...-cecevcsvcescsassscnsesns
Limestone, very light gra;, lithographic;
interbedded w.th shale, 9reofi.iveesscccenss
Shale, green tO graAY..cscecsecovscosssnsscncsse
Shale, red mottled GreeN.cceecesccosccscssses
SBELG; GPOBN.asissransassrnestaienessieunssdnse
BRELE; ABER OBV sscrancsvssisssnindsntbsyisn
llouchens Creek Member:
Limestone, light gray, finely crystalline....

Stine Member:

Shale, OLliVE Gra¥ ssesasovsnssrsssns toessoson
Shale, Ore#N..csssuvssscrssssnssasnsvarsnsnsncse
Limestone, medium gray, finely crystalline...
Sha.e, red mottled greefNicececcccccsccnsannses
Shale, light gray.cccssssccnccccsosacscccscsss
Limestone, light grecn.sh gray, finely
crystalline; contains Osavia and abundant
GIADOURAE S s 5o s n s rassa s esoous bU e odsdvne
Shale, medium OlivVe Gray...ceccecesocccanesess
Bhale, OliVe.cisscinessnvessonsssvoovsanssesn
BRALE: PRGLUN QFAY s ssvscrnsirvitydasoinsoentso
FAR1E, QATR QGPBY . crvsssassssnsssassasvinohnnis
Five Point Formation:
Limestone, light gray, finely crystalline;
contains crino.ds, brachiopods, Osagia,
BN JRAUCONACE s voccssnssncrssnsitinetns enns
West Branch Formation:
BUEAR; BAOBE SFBY o virearrrasaosssnnsdsdrete
PRALE; GEROI . conov s sn s sassdminasdessnsssnssse
Shale, reddish Qray...cecevescecssscescascsss
Limestone, light gray, very finely
CEYSERILAND s svsvvinsrdsontscabisenasbndhisn
Bhale, 1ight GrOBB. s cscvvasvss nsasstsecsesss
Shale, light gray..ceecsceccosscssccssceseses
BRI DEBEEwo is s v g vs 5 Fos 58 6 W EPEals 505 508 & 6
BUBLE; JEGBE GXBY s es esssdson Arsidsinésvs v asers
Falls City Formation:

Lehrmer liember:

Limestone, light gray, very finely crystal=-

line.coos

L A B A IR R A R I )
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Depth, in

feet

From

52.0
87.1

L

K S
-5 P

59.6

62.0
23.5
65.0
66.8
€7.5

69.3

Te.l
72.0
y 5y |
73.8
837

75.9
77.2
78.8
79.8
81.5

85.0

86.2
88.1
89.3

91.0
92.1
23.4
100.0
100.5

102.1

To

57.1

57.5
58.5

59.6
62.0

63.5
65.0
66.8
67.5
69.3

70.1

72.0
72.7
73.8
74.7
75.9

77.2
76.8
79.8
81.5
85.0

86.2

83.1
89.3
21..

92.1
93.4
100.0
100.5
102.1

104.0






Description Depth, in feet

Quaternary System:

Soil (nO sample) .ccvececesssscsscscssncnncnss 0.0 =~ 3.0
Ciay, tan’ siltYoo.--ooooooocoonc.o--on.oo-oo 3.0 - 5.0
Ciay, tan, silty, sSandy.ccecsecsscscccscscnces 5.0 = 12.0
Clay, red, sandy..ssscccsscsccccncssssccsscsss 12.0 = 17.5
Clay, tan; 8andY.csvevsnsccnsecascasssssassse  Ll.5 = 25.5
Clay, light greenish gray.escccsecesescccssces 23.5 = 32.0
Clay, medium gray, very sandy...ccscccesssses 32,0 = 37.0
Clay, gray to brown, Ssandy..ccccscccscscssses 37,0 = 45.0
Clay, light grayish green to brown, sandy.... 45.0 = 47.5
Clay, gray to olive brown, sandy...cece.oseee 47.5 = 55.0
Clay, Olive, SaAnAY..scsnssovsscsvesnsssinessns Dol = 70.4
Sand, VOry Lin@.ccesssecnvesssessscensssascna U4 = 77.0
S, L£ID8.cisnsrsssvsvnssivranannnssesesvevns ~doel. = LHEY
Sand, very fin®.ccccsevoscosssnsssnssasssecssse 07,0 = 115.9
Sand, £AM8 . s crivarssnnstsnnonsrsrnenssnsens Sbdes =  JEiel
Sand, fine, Very SiltY..svevsosssscssvssasncs 331.0 = LIS
Ciay, medium gray, sandy, SiltY..eseecsecscecss 137.5 = 173.0
Clay, medium GERY.ceceesvosrssvesascanivasses 4730 = 182.0
Band; COBEBR.covsrvsssvsnssssnssaninasessvesene L8200 "= JBSS0
Sand, coarse; contains gravel....cccsesesvese 185.0 = 195.2
Pennsylvanian System - Virgil Series - Wabaunsee Group:
Willard Forr.atiorn:
Limestone, medium to dark gray, finely
CEVSERIIING v sdsarisissrsnshsnsrdosansas Dl J91.0
BBl TIGRE QEBY i csiveviinnissnntssvinsssnse ATTa0 - = | 008
Shale, MeQilUm QERY ..« ccsssvsovivsssvannsnses 4000 = 201.1
Shale, light greenish gray..scessscsscssecess 201.1 - 203.0
Shale, dark reQ.,.sssscesssssssisssscnsssssas 2030 = 204.4

Shale, grayish greeN..ccccssecvesssvcasssscns 204.4 » 205.4
Emporia Formation:
Elmont - Reading Members:

Limestone, light gray to pale red, very

finely crystalline; contains crinoids..... 205.4 - 208.3
SBale,; O iV . svrsasssvsisencaserssspssuvsnsae SOBsd - ZOF.H
Limestone, light gray to tan, very finely

crystalline; contains Osagia...ccseceececes 209.6 = 211.0
Shale, light gray..csscvesevocssvsssscsssnves ¢11.0 =~ 211.8
Limestone, very light gray, very finely

crystalline, pseudo~oonlitic; con:iins

brachiopods, crinoids, Osacia, and

glauconite..............;................. 211.8 - o 214.4
Limestone, light gray, finely crystalline;

contains crinoids, bryozoans, and

C880iAcsvecevssssssesssnssesssscssnncsnsss 214.4 = 215.5

Auburn Formation:

Shale, light grayish green mottled red....... 215.5 - 218.0
Shale, reQ.cccoeoes RETANE RSN SUN S s ST ERE RGBT 0 234.0
SERLG:  OLEWES oo vh s avs s ket iasblessrrssdnsnss v S0l . o 12356

L
bt
o5
.
o
1
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Description Depth, in feet

Fromn To

Shale, medium gray.cccesscsccccscscscscsscscscscss 235.6 ~ 239.8

BRDUBEONE: E8Dessesvnsrissvsnsasssnassssanse 439.8 = 280:0

Shale, MEAiIN graY..secscssncssccansscssnnass 240,0 - 248,11
Wakarusa Formation:

Limestone, medium gray, fincly crystallioe;

CORtALDS CEinoldB. s isesvoranssnsncnsnnsns 2481 =  288.9
SHELE; DESLUE GO s scsnsanaosansntsssssnnnsss SRBsT = | 25Zud
Shale, DIACK . ..cssvsssvssssssvsssosssssvsennes 298k = 2832
Limestone, medium gray, finely crystalline;

contains brachiopods, pyrite, and "black

INCIUREONE" . sawosbrrnnvssssnsasessasereneis L08sd = 253,08

Soldier Creek Formations:
Bhle; 1Igbt GrBRssssesvonsssnrsnvnsesnnresnnn 2030 = . FKF.Y
BUEAE, 00, . csiinesrvsivissssessssusansbriis 2910 ‘= 258.9
Shale, Bediun GraY .. cscrsasnnssasscnissssance 258:9 = 259.3
Limestone, very light gray, finely crystal-

line; contains Osagia and glauconite...... 259.3 - 261.6
Shale, light grayish green....ceeeee-vecsesss 261.6 = 262.4
BOBLR; T icioisosiesiasisdtessnnsss st eseens oieel o S0l
Shale,; light graysicssvsisssnsswsnssssnsernes 200.0 = 2Z75,3

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

talline, pseudo-oolitic; contains

brachiopods and 0sagid....eseeevessscneses 275.3 = 277.0
Bhale, ediul gXAYccovssnsvsossessrosssrssnnan 170 = 2782
Limestone, medium gray, finelyv crystalline,

pseudo-oolitic; contains fusulinids and

0Sa8gi@cecesccvensssscscnscssscsnsasnscsnnse 278,2 = 279.3

>cranton Formation:

Silver Lake - White Cloud Members:
BRBle, GrefN.icsvesssnessnsssasrssssesnrssnss £13esd = 20803
Shale, light gray..sscssvscsvsnvissevosansvesss 80,3 =  284.8
Bhale, Dlagk.cicsvsussassssnsssrssssscasconss £08.8 »  206.3
Shale, light greenish gray...ccesscecccsscsecs 286.5 = 287.0
ShALS, GroMfl.ecsssinssssssansasstserssncinsacs 20440 =  295:9
ohale, rad mottled greé@h...rsvessosesssnssnss 2333 = 29950
Shale, red mottled green; interbedded with

limestone, Mmedium gray..csccscsccessscnces 299.0 - 302.0

Test Hole 12-81

Location: Otoe County, SW corner sec. 13, T. 9 ., R. 11 E.,
approximately 212 feet north of south section line
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, 1981. Completed: May 14, 1981.
Total Depth: 92.0 feet.

Description Depth, in feet

From To

Quaternary System:

SOLl (DO SABPIB) ssscvisnnironsbastmetsnbbosnes 6.0 = 8.0
Clay, tan, very sandy..cccsceccsccsssscssssses 8.0 =~ 14.5
Sand, medium €O COAYBR: cssasscsnsnsssnbsonnse LS = 15.0
Clay,; Con;, SEBAYccsnosmetirconsossnnenssrsvss Sisl @ 16.0
Clay, medium gray, Sandy...ccesssscs0c0sssses 16,0 = 17.0

Pennsylvanian System - Virgil Series -~ Shawnee Group:
Topeka Formation:
Curzon Member:
(nO S&Iﬂpl&)................-................. 17.0 — 22.0
Iowa Point Member:
Shale, light OrBY.cessscesasnnssnsnbsonassnss . BBsl = 22.6
Hartford Member:
Limestone, tan to light gray, very finely
crystalline; contains Osagia and
manganese StainNiNg.cccessesccccsssosnsssnes <£Z.6 = 23.0
Shale; DlacK..svssssssssssnsssssssasannssasss &350 = 23.1
Limestone, medium gray, finely crys+*alline... 23.1 - 24.2
Calhoun Formation:
Shale, Medium gray..cscosseescaveossnssnsseness 28,2 = 25.0
Te~umsen - Deer Creek Formations:
Ervine Creek Member:
Limestone, light bluish gray, medium to
coarsely crystalline; contains crinoids,
brachiopods, and 0Sa@gld.sssssscssssssssess 25.0 = 28.0
Limestone, light bluish gray, finely crys-
talline; contains Osagia and glauconite... 28.0 -~ 30.1
Limestone, light gray, very finely crystal-
line; contains Osagia and fusuiinids...... 30.1 =~ 32.2
Limestone, nedium to gark gray, finely
crystalline; contains pyrite, abundant
fusulinids, and abundant black
carbonaceous MAteriadl.cseccosnsvsvsnssvsve 32s8 = 34.0
Limestone, dark gray, finely crystalline;
contains pyrite, black carbonaceous
material, and Busulinide, .s«sscavsnnnsssss I4.00 = 36.3
ShalP, blaCk.........-................-...... 36.3 - 36.4
Limestone, medium gray, finely crystalline:
contains Osagia and abundant fusulinids... 36.4 -~ 38.6
Shale, medium GXaAY.sccessscassassssssicssssss JIB6 = 39:.5
Limestone, light gray, finely crystalline;
contains crinoids, fusulinids, pyrite,
and 0sagi@.ceecesccsssescccssnscssssnsases 39.5 = 40.4
Larsh Member:
Shale, wedium grayecsecscessvsnsscssnsoovssns #0.,4 = 41.0
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Description Depth, in feet

Jrom

Shale, DlacKiccessssssncssssssssssnccssssansse 4l.0 =
Rock Bluff Member: i
Limestone, light gray to tan, very finely
crystalline; contains Osagia and pyrite... 42.4 -
Oskaloosa - rRakes Creek Members:
Shala, Mol GYAY cconesnvnsssnssntvonsenasss — Pled
Shale, medium greenish gray..ccecesccsccccscss 45,2
Siltstone, light greenish gray, sandy........ 47.6
Shale, green...cscecssscsssscssssssscssasnsss 99,0
Bhale, IBl.iccissvsovessnssscnncsnssssssssnsess 89,5
Ost Member:
Limestone, light gray, very finely crystal-
line, silty; contains OsSagi@.ccccccecsccee 72.9 =
Limestone, very light grayxsg green to
white, very finely crystalline to litho-
graphic; contains Osagia and glauconite... 75.8 =
Kenosha Mewber:
Shale, red mottled grevl..scsesnsssoosvesanssey APyl - ™
Lecompton Formation:
Avoca Member:
Limestone, licht gray, very finely crystal-
line; contains Osagia and brachiopods..... 80.8 =
Limestone, light to medium gray, finely
crystalline; pseudo-oolitic in part;
contairs crinoids and Csagid..eeeeesccesss 8l.2 =
King Hill Member:
Shale' red........-.......................... 82.7 -
Shale, medium greenish gray.ccccccccecsecssces 87.5 =
Beil Menber:
Limestone, very light gray to white, very
finely crystalline; contains pyrite,
glauconite, coral, and Osagid...cccecveee. 89,6 =~

Test liole 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 ees:t of west section line.

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

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

Total Depth: 197.0 feet.
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42.4

79.1

80.8

81.2

82.7

87.5
89.6

92.0



Quaternary

SOil (no sample)....o.-..c...0-0.0..0........

Clay,
Clay,
Clay,

Description Deptt,

System:

medium gray, Sandye.ecesccecssssssscssans
tal‘l' Sandy. "R R R L l
Ol lve gray r’ sandy PEE I T R L 2

(no sample)o...‘..".'....o.oo.--o..l‘.l-.o.. 3 -

Clay,
Clay,
Clay,
Sand,
Clay,

medium gray, sandy, Silty...ccesesecs.. 40.0
medium gray, siity, veryv saniy.. se.... 49.0
medium gray, sandy, Silty...ceeceeeceee 35.0
coarse; contains gravel.....eeeee-sssee 100.5
medium gray, Sandy..essecesccsssssssces 107.0

Pennsylvanian System - Virgil Series - Wabaunsee Group:
Scranton Formation:
Silver Lake - White Cloud Members:
Shale, medium gray.ececescscsscscccsssccseosnnss 111l.5

Coal,
Shale,

blacko-.-0.0..'0.00...0'..0....‘.'.0... 12000
R\edim gray..o......-..-l....o'.oo...n 120.2

Shale, medium gray; contains brown sandstone
BEEORER L « 065 4 Lo nEonesesssssasivsmpsessnn, LOTal
Howard Formation:
Limestone, dark gray, finely crystalline;
containg orinoidS. cocvsvsssssssanosonssnse 46229

Shale,

medium greenish Ur2y.sesceceessesccscsss 163.3

Limestone, dark gray, finely crystalline;
contains brachiopods, pyrite, and "black
inclusionS'....'.............’.‘......‘ - . 164.4

Shale,

light greenish gray...esecescescess..» 165.0

Limeetone, medium ¢gray, finely crystalline;
ccntains Osagia, coral, brachiopods,
pyrite, ‘Black inclusions", and abundant
fusulinids. ccoessseroveossscsesnsssnsesssce 168.1
Limestone, light gray, very finely crystal-
line; contains Osagia and pyrite.......... 170.0
Severy Formation:

Shale,
Shale,
Shale,
Coal,

Shale,

1ight GrAY.cocsnsessssnssssssssssnsasss Lidsl
5 P A R U P g, & v J
medium grayish green.....seceeeveessss 173.0
BIBOR sesssrsbsibtbssbonssnssiséssrespin 0l
medium grayish green....ceceeevesses-s 177.0

Shawnee Group:
Topeka Formatiomn:
Coal Creek Member:
Limestone, dark gray, finely crystalline;
contains PYrit2... cesesssescessscossccssss 183.0
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To

6.0
14.0
25.0
32.0
40.0
49.0
55.0

100.5
107.0
111.5

120.0
12€.2
137.0

162.9

163.3
164.4

165.0
168.1

170.0
171.7

172.2
173.0
176.0
177.0
183.0

185.0



Description Depth, in feet

From To

Bhale, MRGLUM GEBY.ccsscosssssssassssssssnscs 105,00 = 185
Limestone, medium gray. very finely crystal-
line; contains brachiopods, coral, and
PETLIER . ssnsrssnvisstneronovssbesnsssvenes JI05:8 = 187
SIR.6; MDALUE GERY cocrssnssssssssnnssassnssse 1872 = 188
Limestone, medium to dark gray, very finely
crystaiiine; contains fusulinids,
Crinoids, and pyrite...cccesvsesssassssssss 188,0 = 189
Limestone, light gray, finely crystalline;
contains fusulinids, crinoids, pyrite,
and abundant brachiopodS.....vcceeeeeeess. 189.6 = 190
Holt Member:
Shale, MAGLUR QY. iescessssviissnsinssanssss A90:0 =- 193
BhAle, DLBEK...cvsosscsnsrsssnsannsnsnvomanse 191.0 = 192
Dubois Menber:
Limestone, licht to very dark gray, finely
crystalline; contains brachiopods,
pyrite, "black inclusions", aand abundant
CEIROLAB: ¢ v oo v bbs s vrrrastiatansasenitessve J02sY o X093
Turner Creek Member:
Shale, medium greenish gray....ccccecesccesss 193.4 =~ 196
Sheldcn Member:
Limestone, light to medium gray, very finely
crystalline, pseudo-oolitic in part;
contains crinoids, pyrite, and abundant
TUBULANIAB e ssocsnsonransrinsrssnvssinssss 396:1 = 187

Test Hole 14-81

Location: Otoe County, NW corner sec. 2, T. 8 N., R. 11 E.,
approximatel, 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 sanlple) L B N R I R I T T - . 0. 0 = 3
Clay' tan’ sandy. L I L L A 3. 0 =4 8
Clay, medium olive gray, Sandy....csecceccess 8.5 = 16
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Description Depth, in feet

From gg

Shia.e, gray mottled rediccsccescsceaccccsnses 144,00 - 145.0
Limestone, light aray, finely crystalline,

pseudo-oolitic in part; contains

glauconite and abundant Osagid@.....sccs0s0.. 145.0 = 147.0
Limestone, light gray, very fxner crystal-

line; contains Osagia..cceccscescioscssess 147,00 - 147.6
BRALIS, GEPER: L sissssnscossusnsrtasacesnssnos Ml =48
Shale, Yedi.cscsossnnnssssvsssnsssssssnsssces LAB.Y = 150.8
SHB1le,; MBALSUR UBBY .o sosssvssnsasansebnasssns 2508 = 3601

Burlingame Formation:

Limestone, medium gray, medium crystalline;

contains coral, brachiopods, bryozoans,

gastropods, and pyrite...c.scesecccescesses 160.,1 = 161.4

Shale, MediUum Gra&Y.csessocsosenssssssnnssnsss 161.4 = 162.8
Limestone, medium to dark gray, medium
crystalline, pseudo-oolitic; contains
crinoids and 0Sa8gid...ceeccecccsccssoncssss 162.8 = 163.0
Scranton Formation:
Silver Lake - White Cloud Members:
Shale, light gre®fl.scssssscinssssnessnsenssis. 163:0 = 163.8
Shale, light gr&Y..ssscorsovssasissssnsssssse 163.8 =  164.8
thale, !ight gray; interbedded with lime-
Btone; light gra¥..ssssssrssovassnsnsseose 1888 = 167.8
CORl, DIBCK; cssssenbsrsicssnensassansosrssnnnne 1075 = 169.0
SBale; 110RT MY cesssnesssnspsnsssdesssnsse BP0 = 370:8
Shale, light gray; interbedded with lime-
stone, mediuMm gray.secsescccccscscssssssscsse 170.5 = 171.5
Shale, light greenish gray..ccessscesvisssesns 171.5 = 175.4
Shale, TOU.sve:srsovsssrvvssssssssssessssscans Lidel = 180,7
Limestone, ligiit tan to gray, lithographic;
interbedded with shale, red...cceceesvesss 180.7 - 182.0

Test Hole 15-81

Loctation: Otoe Conty, NI NW NW sec. 10, T, 8 N., R. 11 E.,
approximately 28 feet south of north section linec
and 1036 feet east of west 3ection line.

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

Started: May 21, 1981. Completed: May 21, 19¢€1.

Total vepth: 212.0 feet.
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Description bepth,

in feet

From

Quaternary System:

Soil (no sample).ccesesccsscscsscsnsssscssnns 0
Clay, black, Ssandy..ccecesesvscsccsscssssccnns 5
Clay, dark greenish gray, sandy...cceeesceees 13
Clay; green, Sandy..cceseccscessssssssocccnns 22.0
Clay, medium gray, sandy.ee-sccreosesssscsanse 325
Clay, dark gray..cecssescesesssssssssasasasans 37.0
Clay, 1igh*t gra@¥ees -ccscscscssssccssscescess 48.0
Clay, light gray. Sandy.ccsscessssccscsccncss 68.5
Clay, light gray; contains sand, coarse,

and gravel...cccecscscsssssssscsscsssssasns 96.0

Pennsylvanian System - Virgil Series - Wabaunsee Group:
Stutler Formation:
bry Member:
Shale, light greenish gray....ssseeesscccsess 106.0
Dover Member:
Limestone, dark gray, finely crystalline,
pseudo-oolitic in part; contains crinoids
and "black inclusions®....eeesecossscscecss 107.3
Pillsbury Formation:
Shale, light gray...cesscessesscscsssssscsscss 108.0
Zeandale Formation:
Maple Hill Member:
Limestone, dark gray, finely crystalline;
contains crinoids, brachiopods, black
carbonaceous material, and pyrite......... 129.2
Wamego Member:
fhale, medium gray..cessseccessssscscssssssss 130.8
Tarkio Member:
Limestone, tan, lithographic.....ceceeeseecess 134.9
Shale, medium GraY..eccecesesscosssscassesssses 135.1
Limcstone, light gray, finely crystalline;
contains 0Sagid@.eecessssscssccsransnsennes 136.1
Willard Formation:
Siltstone, green, very Sandy...seceeessesssss 138.6
Sandstone, grayish GreeN....cesssscsssscecsss 146.4
Shale, mediul gray..ccecesccssvsscssssacssnse 1475
Limestone, medium gray, finely crystalline;
contains bLrachiopods and coral....ceeeeeee 169.2
Coal, hlacKk.sseoeeossssscscsssssscnssssasssanne 174.8
Limestorn~, medium gray, finely crystalline;
contains pyrite....esesecessssscssscsscsss 175.0
Shale, light grayish green......cececeesecess 175.2
Emporia Formation:
Elnont - Reading Members:
Limestone, light gray to tan, very finely
crystalline; contains Osagia and abundant
PYFit@.ccececcscscsssnsscsesscsssssscsscnnse 179.0
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5.0
13.0
22.0
32.5
37.0
48.0
68.5
96.0

106.0

107.3

108.0

129.2

130.8
134.9

135.1
136.1

13G5.6
146.4
147.5
169.,2

174.3
175.0

175.2
179.0

180.0






Description Depth, in feet

From To

Permian System - Big Blue Series - Admire Group:

Onaga Formation:
Shale, tan, "wathered..cscssvvesssssnscesssns Bl.l = 68.2
Shale, light bluish green..ccceccecscccsscsse 68.2 = 69.5
Bhale; dark 198.cccsrisinsasnssanruassavssanen BPeS ‘= 69.7
Limestone, light gray, *ery finely

CEYBEALILANG s sesens sanstnsnnonrnssnssnsny 0BT = v i G-

Shale' re(‘--o.o-o-.-o.o...oooo.o-aoooo‘oooo.. 71.2 - 73.0
Bhale, rel nottled Oliveiiicssssssnsvonsanens. Idsl ™ T77.5
Shale, Dedium graY.cecsersssnsoncverosssssnes 1703 ™ £0.3

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, 1ight QraY.csscsnsnnssccsrassesscssssse BI5 = 84.0
Shale, light greéeN..cccccsossssssccssesscssse B84.0 = 85.0
Shale, red mottled yreeNiscccvesccssccssssces 85,0 = 86.7
Shale, light green mottled red...cecesve-veees 86.7 = 88.4
Sandstone, medium greenish gray...eseeee-eess 88.4 = 90.0
Shala; EMlisscsononnsnsnsesansussonssntopymas Il = 93.4
Shale, QreeN...sccsssescssssscssecssssssesess 9I3.4 = 926.5
Shale, medium grAY..csscescssssssscssssssscss 96.5 = 100.4

Nebraska City Member:
Limestone, meaium graiy, medium crystalline;
contains brachiopodS..cseecescscscscsecsces 100.4 - 102.6
Pillsbury - Root Formations:
CORl, BlABR:sssossnvoscsvssavasvennsnsnnsonses d0B:6 = 103.4
Shale, GreeN...cccsccscesssccsssesssscsesessss 103.4 - 112,1
Shale, red mottled Gree@N..ccecsssscssssssssss 112.1 = 113.1
Limestone, medium gray, medium crystalline;
contains 0Sagid.eesessesscsssscsssesnssss 113.1 = 113.6
Bhele, Gre@fic.v-cosvsviecsniscssnscosssssssnnss 1136 = 114.6
SDB1S, TOH. o isvsssrsvvborsssnrnnrrsrepesannay ikl = 131, 3
Ehale, O011VE...ossonsssnsssnasisssssnssssanse bidad = T80
Shale, medium greenish gray...ccceeeees:oseses 124.0 - 145,0
Shale, Mmedium QrAY.csevsssoasvsosassancsscsvs 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..ceececsccssssscsssesscsses 174.4 - 176.3
€andstone, medium gray, very limy....eccceses 176.3 = 177.6
Shale, light greenish gray.sceceseccesssscses 177.6 = 191.0
Sandstone, light gray; contains black
carbonaceous material...ccceceocccscscesss 191,00 - 202.3
Shale, medium gray..ccccsoove sossssssssscces 202.3 - 218.8
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Description Depth, in

feet

From

Shale, medium gray; contains limy sandstone
streaks throughout and limestone streaks
NEAr DOLLOM.cssccossnssvsacessssnsnscsascss 2l8.8 =
Shale, medium gray; interbedded with lime-
stone, Medium gray..ccescscssencsssenscsvss 223.3 =
Bhale, OliVe.cccvsssconiccvssessnsnsssassnnse S49s0 =
Shale, red mottled graAY..scscocsvsavsenaoscse 287,00 =
Emporia Formation:
Elmont - Reading Members.
Limestone, light grayish green, very finely
crystalline; contains crinoids and
glauconite. cosvessncisessscsesnssnsssessnss 231:4 =
Limestone, very light gray, very finely
crystalline, pseudo-oolitic; contains
Osagia and pyriteiceccscvssassisonvsnsoscs 232.,0 =
Shale, light greenish Gray...eccseeccesscssses 234,6 =
Limestone, very light gray, very finely
crystalline, pseudo-oolitic; contains
brachiopods, crinoids, Osagia, and
GlauconitRissceccscscssssssossonsscnsssnss £39:1
Auburn Formation:
Shale, Gr@eN.cccscsssvsscnsassssssscscnsscscss 240.3
SBale, TOdiccssrssnrcinssssssnsnsrvenssnsenss SB0sH
Sandstone, light grayish green......ccseeceee 251.3
Shale, mediul gray.cccccsvessoscsscsssscnssces 29843
Wakarusa Formation:
Limestone, medium gray, finely crystalline;
contains brachiopods and pyrité........... 268.9 =~
Soldier Creek Formation:
Shale, medium Qrayscssovsscnrsssssesosscsssscee 723 =
Limestone, light greenish gray, litho-
graphic; interbedded with shale, medium
UTAY sovisvsi s bsasnisssssansarsssnpesyrrnsses SLdsl ¥
Shale, green mottled YeG....cceecesesccsssces 2750 =~
Limestone, very light gray, very finely
crystalline; contains Osagiad.....cceeveees 277.4 =~
Shale, OliVe..iesscsssnsssssosrsssonssnsssnnses 2804 =
Shale, Redi* W Gray.cseosssnssosscovscsssisnne 2048 =
Burlingame Formation:
Limestone, light gray, finely crystalline;
contains black carbonaceous material...... 290.9 =~
Scranton Formation:
Silver Lake - White Cloud Members:
Shale' mediwn gray............-.....o........ 295.7 -
Shale' blac."...............--o......o.....-... 296.7 -—
Shale, Redivn GraAY.sssssesssonsosnnsnssssnsce 298] =
uimestone, medium gray, firely crystalline;
contains fusulinids _...d pyrite;
interbedded with shale, medium gray....... 301.6 -
Shale, blaCK.ooouoc D 303.0 i
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223.3
225.0

227.0
231.4

232.C

234.6
235.1

240.3

240.8
251.3
258.5
268.9

2723
273.0
275.0
277.4
280.4

281.4
290.9

295.7

296.7
298.7
301.6

303.0
303.2



Description Depth, in feet

from  To
L°‘mestone, light grayish green, very finely
crystalline; interbedded with shale,
green.......-..........n..........-....... 303-2 - 312.0
BRERE, DEE.i s ssenvssinsnbarsnusntisapassas s s Jhtsll = SEIA
Shale, red; contains limestone streaks....... 313.0 - 317.0

Test Hole 17-81

Location: Otoe Countv, SE SW SW sec. 8, '. 8 N., R, 11 E.,
approximacely ?6 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, 198l.

Total Depth: 137.0 feet.

Description Depth, in feet

From Ig

Quaternary System:

S011l (DO SAMPlA) socsscssrsissrnisnosnseevsnss 0.0 6.0
Clay, brown, SANAY..sssssscsssssassssssssssss 6.0 =~ 15.0
Clay, olive gray, Sandy.cccossoscsscscncesssse 13,0 = 17.5
Clay, tan to gray, Sa8ndy..scevsscesssvssoosses 17:5 = 23.0
Clay, olive, very sandy.cccsssscsssecscssscase 23,0 = 26.0
Ciay, medium gray, 8andy.ccccscccscsscscscssssee 26,0 = 26.5
Sand, medium tO COArSB@.cscvssscsssosscsscssnsss 26,5 = 29.0
Clay, medium gray, very sSandyY...ccesccsesces. 29.0 = 34.5

Sa';h, mEdiuﬂ\ to coarseooo......00...000.00.‘. 3405 - 3500

Pennsylvanian System - Virgil Series - Wabaunsee Group:
Soldier Creek Formation:
Shale, red....--.................--....-..... 35-0 - 37.2
Limestone, yellow to tan, finely crystal-
line, weathered; contains manganese

Staining...........-.....-........-....... 37-2 - 37.4
Shale, medium gray tO t@N.cecscssssssoscscsses 37,4 = 39.0
SRRLS; Tl cossssnsssinssnsonrrssnss vt nnaen "SR ™ 44 .5
Shaie, medium gray.ccssccssscecsccsssssnsases 44,5 = 47.4

Burlingame formation:
Limestone, light gray, finely crystalline,
pseudo-oolitic; contains bryozoans and
08agia@sccececssecncsccsssscssvssscnnes see 47.4 = 50.2
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Description Depth, in feet

From To

Scranton Formation:
Silver Lake Member:
Shale, medium gray.cccsccccsccccscscsssscsnsess 50,2 = S1.0
Shale, greeN...cicssossvsssscsnsasssssscnssns b0 = 51.6
Shale; Ted.cscvssvsassssnsnscnssssnssnnssnsss Sl = 60.5
Shale, green mottled red.ccc-ccsecvcccccccses 60.5 = 6.
Shale, Dedium GrAY.sscevssscsssssnsnsssessssse 0815 = €5.4
Rulo Momber:
Limestone, medium gray, "~ nely crystalline... 65.4 =~ 66.3
Cedarvale Member:

Shale; Medium Gr8Yscisasonsastsssdbsvsnasvsseses BBed = 67.0
Bhale, DlaCK.ccsocsvnosssssvssnsssnesnsssscsscs B0 = 68.1
Shale, DediuN grEY:sssseveshonnssvisbsanssnes  OBalk. = 33
Shale, GEOBN.csssessisssssassonensvesonvssssn I3ed = 74.3
Shale;, Tolicessansnsnssvnsinesssioncassasesrse Thed = 15.1
Shale, green mottled red...cscsecsesesnssssce 79,1 = T3

Happy Hollow Member:
Limestone, light greenish gray, finely
crystalline, silty; contains fusul .nids,
bryozoans, Osagia and glauccnit€...s.ceeees 77.1 = 79.3
Limestone, tan tc light greenish gray,
finely crystalline; contains crinoids

and Osa ia.'...'..“....l.......l..0...... 79.3 - 80‘4
White Cloud Menber:

Shale, red mottled OlivVe.icssssssssccsssesess B80.4 =~ 82.5
Shale' OliVe....................-...-........ 82.5 - 83.5
Shale, light greenish gray..c.cccesocecesscsscsses 83.5 = 86.5
Shale, medium greenish gray..ccscceccsccssses 86,5 = 88.0
Shale, medium gray, sandy..cccesseccssccccess 88.0 - 102.0
Shale, medium gray,cscssscsessecssvsssscssver 102.0 - 122.0
Shale, medium gray; contains brown sandstone

BEENARE . csssssosatovatsssassnsssennessonps Lodsh = JJ7.0

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 gection line.

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

Started: May 22, 198l1. Completed: MNMay 22, 1981.

Total Depth: 122.0 feet.
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Description Depth, in feet

From To

Quaternary Svstem:

S$0il (N0 sample) cccesccsccscssessccsssnnssnsce 0.0 =~ 4.5
Clay, tan, Sandy...ccsesscccccccscsssccscscss 4.5 = 9.0
Clay, dark brown, sandyY..cceccssosscccsccscss 9.0 = 13.5
Clay, L8N, SANAY . «sevsssssssssssssssssesssnse L3 = 1445

Permian System - Big Blue Series - Council Grove Group:
Red Eagle Formation:
Bernett Member:
Shale, very light green to tan, weathered.... 14.5 -~ 19.4
Glenrock Member:
Limestone, tan to light gray, finely
crystalline, weathered; contains
LUBRIINnidB. csvsvissvsnsssitssnsransasssane A9k = 20.5
Limestone, tan, very finely crystalline,
weathered; contains abundoat Osagia and
manganese Staining...ssccessescscesssassess 20,5 = dlad
Limestone, tan to medium gray, finely crys-
tallineg; contains manganese staining...... 21.2 ~- 22,5
Johnson Formatic :

BRElE, QXOBN. . .ssssssssesssnsssnsssnsennssben GRS = 24.0
Shale, mediuld gray.cccsossosossssssscssvsnces 28,0 = 8.4
Shale, 4ark gre@N...sesevesssssvsssssvssnssses 28,4 = 29.0
Shale, red mottled gray..ccsecssscssssccsssscce 29,0 = 29.7
Shale;, Hediul gray.ccscscssssvnsossrossansses &Fal = 30.6

Foraker Formation:
Long Creek Member:
Limestone, light greenish gray, very finely
crystalline, argillaceouS....ccseseescesse 30.6 = 33.0
Limestone, licht greenish gray to medium
gray, very finely crystallin€....ev.coeseee 33.0 =~ 35.0
Shale, gteenoooo.ooooo'o.-oo-ooooo-oooo.oooo. 35.0 - 35.2
Limestone, medium gray, very finely crystal-
1ine to 1ithographiC,csvesssessscsnsssssse 3.2 = 37.1
Hughes Creek Member:
Shale, medium gray.ccsssvcssssssssnsscsssncsse Ilpl = 38.1
Shale, light gray¥.ccccsccssssscossvisssacsase JIBel = 39.0
SBhale, darXk QGra¥eccscscecsssosesssvcasovsssss 39.0 = 43.2
Limestone, very dark gray, medium crystal-
line, pseudo-oolitic; contains abundant
08aGgi@ccevssssvsesssnsssscssnssssnsccceess 43.2 -~ 45.1
Linestone, medium gray, finely crystalline;
contains brachiopods, Osaygia, and "black
inclusionB®..csvsssisssnsssessssnsssccssss 45,1 = 4v.3
Shale, medlul gr&¥..esecssscsovesssssscsrvecs #6,3 = 52.8
Limestone, medium gray, finely crystalline;
contains abundant brachiopods;
interbedded with shale, medium gray....... 52.8 = 53.0
Shale, medium gray..csscscscsscssccscscssesve 33,0 = 53.5
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Description Depth, in feet

From 22

Limestone, light gray, finely crystalline;

contains abundant brachiopods;

interbedded with shale, medium gray....... 53.5 = 54.5
Shale, light greenish gray....cccccesceccceees 54.5 =~ 59.2
Limestone, dark gray, finely crystalline;

contains brachiopods and pyrite......se.se.. 59.2 =~ 60.0
Shale, very dark gray.csssccccscecssssssceses 60,0 = 61.7
Limestone, medium gray, variably crystal-

line; contains Osagia, coral, "black

inclusions®, and PYritR..cssesenssasenses. 0617 = 63.2
Shale, BOAiUN GrBYcsevccsssnsnsssoossssossnsss 0Fsd = 63.6
Limestone, medium to dark gray, finely

crystalline; contains fusulinids,

crinoids, Osagia, and pyrite.............. €63.6 =~ 63.8
Shale, medium gray..scvecccccsccssssscsscscss 63.8 = 66.5
Limestone, medium to dark cray, finely

crvstalline; contains brachiopods,

crinoids, and Osagia; interbedded with

with shale, mediuUum gray.cccescsscsscssssses 066.5 = 70.2
Shale, DISCK s csssessssnssasassassssessonnssns et = 71.0
Limestone, medium gre¢:r, very finely crystal-

line; contains coxril, crinoids, and

0S8Gid.eeessssscsnssrsssssnasssssascasesas 71.0 = 72.2
Sha e, medium gray.ooooo.o-ooooooo'o-o..o.-.o 72.2 I~ 7‘.0
Limestone, medium to dark gray, finely

crystalline, pseudo-oolitic; contains

crinoids and 0sagilicessccccscccsossceesss 74.0 - 76.0
Shale, medium Qra@Y.. seccecccsscssssccscssscss 16,0 = 76.5
Lirwestone, medium gray, medium crystalline;

contains abundant 0sagiad....cccececesssess 76.5 = 76.7
Shale, POGLUR QLAY .iccsssnnssrsnensssshssansasnsns 8s8 = 78.2
Shale, DIECK.cssssnrsnnsosnssnsssoscnnvsnsene 188 = 78.6

Americus Member:

Limestone, medium gray, finely crystalline;

contains crinoids and pyrit€...ccccceeee.s 178.6 =~ 79.8
Bhale, Nediul GERY icsovsosrcssovnnnsossssenns 19.8 = 81.5
Limestone, light cgray, very finely crystal-

line; contains crinoidsS...cccevecssscesses 8l.5 = 82.0
Limestone, nedium gray, very finely

Crystalline..cceecscssssscscssscsssssscsss 82,0 = 82.9

Admire Group:
West Branch - Hamlin Formatlons:
Shale, mediulm GraY.ccsesssssscosesscnssssnses 82,9 = 86.4
Limestone, medium gray, very finely
CEYBLRlIANG s ssscovcssrsnsssssassnssssiasnss BO.,4 = 86.7
Shale, Mmodium gra&Y..cscessssossvesssescsssscs B6.7 = 88.3
Limestone, light gray, lithographic;
interbedded with shale, green.....¢cces0.. 88.3 =~ 89.0
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Description

Limestone, very light grayish green, very
finely crystalline; contains glauconite;

interbedded with shale,

green, at

91.0-92.4000oolt'..c..0.00-.....'.........

Shale' red....o-.o-......:-.......n-o.-u.o...

Shale, red;

interbedded with limestore,

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

finely crystalline; contains glauconite;

interbedded with shale, greeN...cccccscncs

Sllale' redQQQQOOODOOQQOOOQ-

PR R R B N I I B

Limestore, medium gray, very finely crystal-
line; con“:ins brachiopods and crinoids...

shale' mediunl gray........-.-

L I T L O

Shale. redoooo....oo!..o.....-.Oolo.ooc.o-n..
szjle, graYiSh green-.....-...oo........0..0'

Shale, pale red;

interbedded with limestone,

light gray..ccccesccessccccssssssnncssscnssese
Shale, medium gray; interbedded with lime-
stone, light gray.cccccscscsccssscsccssscne
Shale, O0liVe...ssssansrssccssnsscssvncrssanss
Shale, OreeN..cccccccssssccssvssssscnssssssssns
Shale, 0liVeeseescsvcssssccssccsessscscssnzons
Shale, gray mottled OliVe..vceescescccncsnnes
Limestone, dark gray, finely crystalline;
contains Osagia, pyrite, and black
carbonace us material.seccecsscccsscsssscss
Shale, medium gra .ccccescecccccsscsssssssscns

Location: Otoce County,

Test Hcle 19-81

SW corner sec.

11, T. 10 N.

Depth, in feet

From

89.0 -
92.4 ~
95.0 =~
98.3 =~
101.0 o
104.2 -
104.8 =~
107.0 =~
109.5 =~
110.5 =
114.0 -
115.0 =
117.0 =
118.0 =~
119.5 =
120.5 =~
120.8 -

Ro 8 L.'

approximately 23 feet north of south section line
and 103 feet east of west section line.

Ground-level elevation:

Started: May 22, 198l.

Total Depth:

152.0 feet.

1143.0 feet above mean sea level.

Completed:
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May 22,

1981.

To

92.4
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
122.0



Description Depth, in feet

From To
Quaternary System:
8011 (DO SAMPIB)cscssisvrsssvnssssses vasssses 0.0 = 4.0
BALE, DO BaNAY o cues soepinsdaninsensensss 4.0 =~ 9.0
CINY,; DEOWR, VOXY SRV cvssssnnsssstsssiasvis 9.0 = 14.0
CIAY: DYONN; BADAY:ssssssvssnssnsasssnnesvens Il = 22.0
Clay, light brown, sandy..c.ccececesececrcssss 22.0 = " Lo g
CIRY ¢ MAQLYY PEBYicsesrstessssnaassnsnsssasans 2D = 29%.0
CLAY, UMLK GFRY ssssvsrossshrcsonsisossobosnes 290 = 35.0
ClaY ) DlBCK . ccesisinsnsssssscsnonsvvonssasess 390 38.0
LAY, BRER GEBYivrvscvinvonrsssnssasnsananssie IMl- = 39.0
Clay,; Mediul gEaY.:sssasrssssonncssasssssases 39,0 = 41.5

Clay' tano...o.o..-.......l.....IO..Q..O..... 41.5 - 4800

Pennsylvanian System - Virgil Series - Wabaunsee Group:
Willaré Formation:
Shale, OlivVei.scvsssessenssnssasasnsscnscoses 8,0 = 50.0
Limestone, nmedium gray, finely crysta ".n:z,
pseudo-oclitic; contains brachiopods,
crinoids, and 08agidiceescscsccssescccesns 50.0 = 50.6
Shale, light graY..cssccosnssssssosssscncssns 50,6 = 55.0
SDRIE, IO oo vassnpasrpennssvninhosssbasssens ~ OBl | - 55.7
Shale, medium gray.scsscesccssnssnssssssessss 93,7 = 56.5
Emporia Formation:
Elmont - Reading Members:
Limestone, light grayish green, very
finely crystalline, pseudo-oolitic in
part; contains crinoids and Osagida....es.. 56.5 = 7.1
Shale, medium gray; interbedded with iime-
StONEe, grayeccecoscscscessssonsscsosssnssnse Dls1l = 59.0
SUAle; BAUIUR GERYssssssssonbonsvnncnsbrranon 90 i 59.6
Limestone, light gray, very finely crystal-
line; contains 0Sagid.. - eseesccsesccccsses 59.6 = 61.2
Shale, medium gray...cceseececscscsssssesssss O0l.2 62.2
Limestone, light gray, very finely crystal-
line; contains 0sagi@.cccceccsvscevscccccess 62.2 = 65.5
Aubur:. Formation:

Shale, medium greenish gray..ccseceecescsssss 65,5 = 67.0
BRIy YA, cssvsvnvisssrsnnnssessssbssnssnsnss Ofel = 80.0
BhRlE; OliVE csnsrsivscssssiserinssasssssnses BO = 82.0
Shale, light gray..ccccscecsccsossocsssscsnes 82.0 = 84.5
ShNle; TALUN YRYicessssponsonpassrrinavessas Byl = 92.0

Shale, wmedium gray; contains thin sarndstone
BEEBBRE s s sssnssbsssassssarinsnssbsossecnsss DRal = 94.5
Wakarusa Formation:
Limestone, light gray, finely crystalline;
interbedded with shale, medium gray....... 94.5 = 98.5
Soldier Creek Formation:

shale' “‘edium gray......I..‘.QOQ.IO‘....‘.... 98'5 - 100.5
Shale, medium gray; interbedded with lime~
stone' lig}lt g".ay. L L I O R I I R 100.5 - 103.6
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Description Depth, in feet

From gg

Limestone, light gray, irregularly crystal-
line; contains Usagia and glauconite...... 103.6 - 106.5
Shale, medium QraY.cccesssssssssssssascssssses 106,53 =  107.0
Shale, medium gray; contains brown sandstone
Streaks...................-..o............ 107.0 - 117.1
Burlingame Formation:
Limestone, licht to medium gray, finely
crystalline; contains Osagi@...sseeseeeess 117.1 = 119.0
Limestone, light gray, finely crystalline;
contains glauconite..ccsvsssvsnsnscnsesneses 119.0 = 120,2
Limestone, light gray, finely crystalline;
contains crinoids; interbedded with
shale, mOdium GrAY.ccivscssvsnscvnnnsesceas 320,2 = 120,6
Scranton Formation:
Silver Lake - White Cloud Members:

Shale, DlaCK.scscrossssnsosssnsosnsnninsnanss SdbDel ' =~ 121.0
Shale, SEBMR.cscsrorassissnsrsphssenssssnnnse 2ebell = F2F.5
Shale, Y08.cvscosssnsnsnssanssiassssssssvsras dalfad =  139,0
Shale, medium gra¥.ssesvesscescvcssssvssssssee 1390 = 142,.3
CORLl) DLlBEKR:ssvsosninsivssssanssnisssprsnsancsss s88ed = L&d.6
Shale, medium gray.eccssssscssssscssnscssssers 142.6 = 1%52.0

Test lole 20-81

Location: Otoe County, NW NEC 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: (lay 26, 198l1. Completed: Ilflay 26, 1981.

Total Depth: 197.0 feet.

Description Depth, in feet

From To

Quaternary System:

S0il (no sample)cccssssssccsssssssssssssnsnss 0.0 4.0
Clay, tan' sandy...oo----.oo-ooooooo-oooooooo 4;0 = 8.5
Clay, 01liVe, BERAV.sscosessssos st unodesssns s 8.5 = 19.0
Clay, medium gray, SandY..sseessssessssessses 19,0 = 22.0
Clay, brovm, SANAY.csscsvssssnesonnsecssvssens  dasl = 34,0
Sand, medium, ClAYRBY.ssssssovsssssscsssssnsss 0 = 41.0

!
BN
w
-
=

Sand, COAYBE, Al gr&Ve@lissssssssensiversnsss . B30
Gravel' clayey...............O..Q....I..ll... 43.0 - 47.0
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Description Depth, in feet

From To
Clay, medium gray, sandy, very silty. ....... 47.0 = 62.0
Clay' ;ight gray, sandy...'...'."....Q...... 62.0 - 71.0
Clay' reddish gray' sandy‘......'..l‘........I 71.0 - 77.0
Clay, reddish gray, very sandy....c.cceeeeee. 77.0 = 85.8

Permian System - Big Blue Series - Council Grove Group:
Grenola Formation:
Burr Member:
Limestone, light gray, very firely cyrstal-
line, pseudo-oolitic; contains brachio-

pOds.OOI......l.ll.......“'l........l....l 85.8 - 88.7
Roca Formation:

Shale, light grayish green......ccsceceeeeeess 88.7 = 92.5
Shale, vary light gra¥.ccesccsscsosovscoenses  92.5 = 94.0
Shale, medium grayish green.....eeeeeeeeeesss 94.0 = 97.6
Shale, red mottled greeN....cevssvcssascsosee 97.6 = 101.0
Shale, Fef MOLLIRY GZAV:issscosarvnsssssniesse 3010 '« 101.8
Shale, medium gray; contains thin limestone

BEBBES s o 52 susn'd 6 ssbnunisnsesnsbssnsnnvis I8 o 10£.0
SRAle; Light GEBYe.srsbssvsrnusisnbonssessers J08.0 = J05.5
Bh8le; X8descosseisessnnnsssnssnsssssnsansenes J06:5 = 3107.4
Shale, medium gray..eceeeececscscsssscesceves 107.4 - 108.8
Limestone, very light gray, lithographic..... 108.8 - 109.0
Shale, reddish gray..ccessseccsssnssvssncssns 100.0 =  1I0.8

Shale, grayish green.....cccesceecccccecscnces 110.5 = 112.7
Reu Eagl: Formaticr:
Howe Me¢iber:
Shale, medium gray, limy...ccccecccccccccsnce 112.7 = b e e
Shale, graYiSh tan..oo..-oooo.oooo"o.ooo-oo- 113.3 = 115.2
Limestone, medium gray to tan, variably
crystaliire, pseudo-oolitic; contains

Osa ia........‘.........'...'...'......... 115.2 _—y 118‘4
Bennett MgESer:

BBRIS, LIGRE QERY: . ssesssrnssasnnsrsisrssnsas 1iB.4° = 121.8
Shale, gray mottled 0liVe...coceevecceccsoeess 121.0 = 124.0
Bhale, DlaCKk. ccoovvsvesnsisvnsnonosssesenvsee 1240 = 126.7
ShEle, WOAIUR QEAY corvessvrensssessssssovanee 128.7 = 138 %
SRRLIS; DIACK .coinsvronsasrnssssnnsssrisavense 105.8 = 126.8

Glenrock Member:
Limestone, medium to dark gray, very finely
crystalline; contains abundan black
carbonacecus material.....eeeveveccccessss 126.5 - 128.4
Johnson Formation:
Shale, light grayish green....csecscscscnsoes 128.4 = 129.4
BDAle, MOALUM LAY, cscevassssnsnssscrsncnass 129.4 = 130.1
Limestone, medium gray, finely crystalline;
interbedded with shale, medium gray....... 130.1 - 131.1
Shale, medium greenish gray.....eeeeeeeeeeess 131.1 = 137.2
BDBI8; EWlssssvssovarsenissvnssnsmovsnrssssive 137.2 =  339.3
ShRle; DeQIUuR GEAY.csiservevsnsnssnsissssssns 138.2 = 139.0
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Description Depth, in feet

From To

Foraker Formation:
Long Creek Mamber:
Limestone, light gray, very finely

Crystalline.......-..-........-........... 139.0 - 14105
Limestone, medium gray, very finely crystal-

line; contains glauconit@.cceccscccscnceceses 141.5 -~ 142.5

Hughes Creek Member:
EBhale, 1ight gAY .cssvssnncsssnscinsscsnssecss 182,53 = 145.0
Shale, medium Qray..ccccececscscssscsssascecs 145,0 - 152,0
Limestone, medium to dark gray, variably

crystalline, pseudo-oolitic; contains

brachiopods, Osagia, and "black

Inclusions® . .cccvsssscssssssnssnsssnsssnsss 192.0 = 154,85
Shale, Mediul GrAY ccessssrervossveonssanscens 2985 = 162.0
Shale, light QGraY.sscesssvssscssnsnsnssnsnsss dB2.0 =  167.8
Limestone, medium gray, finely crystalline... 167.8 - 168.5
Shale, BIACK .ccocssssrsisssissasssssssannssses 100,939 = 170.1
Limestone, medium gray, finely crystalline;

contains fusulinids, brachiopods, Osagia,

and *"black inclusions”..ccsconsnivsasnnsens A0 = J71.9
Shale; Gark gray.ccsevesssscssosvsncsvvosnsnses 2ided = 178,595
Shale, Meditl GraY.csesssssssssosnasssanneses A10eS = 178,08
Shale, medium gray; interbedded with lime-

Stone, light Gra¥iscussissscssssnssesscesn 4188 = 180.0
Bhinle, daXKk GXa¥.cvssssensvassrsvsnsssnsssess 20,0 =  180.4
Limestone, medium gray, finely crystalline;

contains brachicpods, Osagia, and "black

INCIuBionB® .vsiisnsnnesnnansrisossnvssvas 1004 = 181.5
Ehale, MEALUR QrAY.ssesssvsssvssssssnssensses 281,59 = 183.0
Limestone, medium gray, finely crystalline,

pseudo~-oolitic; contains brachiopods,

bryozoans, crinoids, fusulinids, and

OBRGAB.ssevnssnssssssnssssvsnensssnssssres 83,0 = 185,0
Shale, medium gray..cccceeeceassssccscscsssss 185.0 - 188.0
Shale, DlatK...cvssvissccsovsnssssnssssncnanecs 188,00 =~ 188.4

americus Member:
Limestone, dark gray, very finely

Crystalline..cseecovosnssssoscosssssccnceas 188.4 = 189,7
Shale, ALK GEABY.ssscsosnsssnsssasncisnscsnne AB9.7 = 191.3
Limestone, medium gray, finely crystalline;

contains coral, crinoids, and

BrachiopodS..ccovssssncsssssvcssssssnsesss 19,3 = 192.4

Admire Group:
Hamlin Formation:
Shale; Redium QGr@Y.cosssosessessncsossssacnce 192:4 = 196.0
Limestone, medium gray, finely crystalline;
pseudo~-oolitic; contains brachiopods and
GlBUCONLIER . csvssrcsssnssnssvsrovsnssnscees 196,0 = 197.0
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Test Hole 21-81

Location: Otoe County, SW corner NW sec. 21, T. 8 N., R. 10 E.,
approximately 26U« feet sout!t of north section line
and 30 feet east of west section line.

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

Started: May 26, 198l1. Completed: May 26, 1981,

Tctal Depth: 287.0 feet.

Description Depth, in feet

From To

Quaternary System:

BOLL (D0 BAMDIE) sxveonsnssneseannevesssssissin 0.0 = 5.0
Clay, 208, BllILY svesssasissnsosassnshssnsonan 5.0 = 9.5
Clay, tan, sandy..ecceeeccsce & GBI B W 9.5 = 13.0
Clay, tan, Very SanAY..csssesovsasvessvsassosins I3l = 22.0
Clay, 0live gray, SMN8Y..sssvsesesnssssconsse 2820 ™ 29.5
Clay, brown to gray, sandy..cccceseccsscsssss 29.5 = 41.0
ClaY, Clive Oy, BANAYicesssnsernsvnsisnssve Blal = 49.0
Sand, Line, $LltYisssonvsssrosseennssssansses - $9:.0 = ¢l.5
Clay, gray, very sandy; contains gravel...... 61.5 = 72.0
Clay, dark gray, very sandy; contains

GEAVEl . ssosvssassssrssnsswnstobossscensasse Tael ™ 85.0
Clay, light gray, very sandy..csssssccssceess 85,0 = 92.0
Clay, light brown to gray, sand¥...eccsecessees 92.0 =~ 108.0
Clay, light grey; SANMIY scevrivassoesnossasssss JEB0 = 112.0
Clay, medium gray, Sandy.cseeeccsssencssccsses 112,0 =  128.0
Clay, dark gray, Sandy..ceosceeocsssccssnsssses 228.0 = 143,0
Clay, nedium gra¥sessssesnsssvosorssionnsress J43:,0. = 48,8
ClAY , GA¥K QERY . ssvrvsesinosnvwpessonbsnsnnnes B0 = . T53.8
Clay, medium gray, Sandy.cceeecsesscssssssess 152.5 = 158.0
Clay, nedium GraY.ccssssssssnsssssesssnssssnss 1380 = 169,0
LI, QAT GERV.icsssvessssbssssansarssnasnens 090 =  ITT5.0
Clay, light gray, sandy..icesrecsssnvarcsesass 1750 =_ 181.4
Sand, coarse; contains gravel..c.ccececeesess 181.4 =~ 183,0

Clay, greeniSh gray.oa..-........-..o.-...oo. 18300 -~ 190.0

Permian System - Big Elue Series - Admire Group:
West Branch Formation:
Shale, light green....cscscve0cvsscccsssccnces 190,0 = 191.6
Limestone, light gray to green, very finely
crystalline; contains bryozoans,

brachiopods, and crinoids....ceeececeeeess 191.6 = 192,1
Shale, light grayY.cssecessescsssnsssssesevese 192.1 = 199.0
Bhale, MECLUM GrAYsseessvssisvsssnssssssnsess 1990 = 200.0
Shale' dark gray.........-................-.. 200.0 - 202.6

Falls City Formation:
Limestone, light gray, finely crystalline.... 202.6 - 203.5
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Description Depth, in feet

From To

Shale, POdiUl GraYiescssnssnannassssonssnnnss 2035 = 20T
Limestone, light gray, very finely

Crystalline;.cociveccssscsssccsscssccsscnes 203.7 = 207.2
Shale, MeAiul QLAY ..csssssssssnsssscssssnensss 207.2 = 210.4
Limestone, medium to dark gray, firely

CEYBtAllin@ccisccsnvsnnssnnes cohnnsvansnns 2404 = . 212.0
Limestone, light gray, very finely crystal-

line; contains Osagia and "black

NG lUBiONE® . s virsssnrsrisssotossssensnnsen Ahdel '  QXIeI

Onaga Formation:
Hauxby - Towle Members:

Shale, medium greenish gray...cesecesseccesssese 213.5 = 215.5
Shale, light grayish green....csccseesseceesss 215.5 = 218.5
Shale, Medium GTAY.coavesssncsnsssssnssscnsses 2485 = 220,95
Shale, red mottled greeN.sccccsccssssscscscsse 220.5 = 223.0
Limestone, blvish gray to very light gray,

very finely crystalline; interbedded with

BhRLle: T, sssssnnsanassssbsvanbrneshsbone SlIel = S38N
BRA1E,; 80 cirrsorarsrnesnssarvienssnssssavany anbel, = 2gS. 0
Bhale, OlivV@.vcscibesssssssrssnnssssssonnenns 249,0 = 231.5

Pennsylvanian System - Virgil Series - Wabaunsee Group:
wood Siding Formatior:
Brownville Member:
Limestone, very light gray, variably crys-
talline; contains fusulinidS....cecseeseee 231.5 = 233.6
Pony Creek - Plumb lMembers:
Shale, medium graYeccscoscrscssnnsssessncsess 233,6 = 236,2
Shale' red........-.......................... 236.2 o 241.2
Limestone, light gray, finely crystalline;

interbedded with shale, red...ccecessecce. 241.2 - 241.5
Bhale, X6Q.cascsrvnssnssbnisadnbsibnssesnseass SBled = 3683
Shale, light grayish green.....csssececcccsss 244.5 = 245.5
Shale, GAXK gra@Y.ccvessssscssvosssssssessssss 289.5 = 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; DlacK. .sseesresssnsssrssanansnssssneny 4940 = 252.5
CoRl, DLACK. . csssnscrnsenssnsnssssessasssnssise adbed = 252.6
Shale, MEAium graY.ecesocnsscscssscssscsssncse 292.6 = 259.0
Shale, red rottled gre@N.s.scisvssssnvssnsssse 239:,0 = 261.5
Limestone, very light gray to white, very
finely crystalline to lithographic;
contains fusulinids and crinoids...ceceeses 261.5 = 265.3
Shale’ red.....................-..-.......... 265.8 - 267.0
Bhale, OLiVe,ivsicsoncinsasinssnssnsisrsansnse 2088 = LD
Bhale; medium gray.cesssacssssvssvssssopnspas 212+9. = 28T.0
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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, 198l1. Completed: May 27, 1981.
Total Depth: 171.0 teet,.

Description Depth, in feet
From To
Quaternary System:
SOil (nO Sample)-........-..............-.... Ooo - 5.0
Silt' black-o..oo..oo.ooo‘.oo-..oo-.o.oo-ao.- 5.0 - 8.0
ClEY, BAGRUN GERY s o vsrsssnrsrverivroseasbness 8.0 =~ 13.0
ClAY, GEROD. scosssossssnssnsssvnnossnsissbssnss Il 1% 23.0
Clay, BOGIURm gEAY ssssetsrsossssnasnennssossne  Sdel = .5
Clay, greenish gray, 8ilt¥e.ecesccessssessscsse 30.5 = 73.5
Sand, medium to coarse, and gravel, medium... 73.5 =~ 78.6
Pennsylvaniar System - Virgil Series - Wabaunsee Group:
Wood Siding Formation:
Nebraska City Member:
Limestone, medium greenish gray, finely
crystalline; contains brachiopods and
SLRAUCONIER s csssevsbessnvesbnssssbasnsnvony - THel | 79.5
Pillsbury - Root Formations:
Shale, DIACK...vssesssasvnonssstsssssvasnsssn. I9:3 = 81.2
Shale, medium greenish gray..cccecceeccsesceces 8l.2 = 87.4
Shale' IEd.............-...............-..--. 87.4 = 90.3
Shale, red; interbedded with limestone,
GrAYcessssonscassascassssvsssssssssnnasses el = 93.7
Limestone, light gray, very finely crystal-
line; contains fusulinidS.csecssccseosscssees 93.7 = 94.2
Shale, light greenish gray..ccccccecccccscces 94,2 =~ 96.4
Limestone, medium gray, finely crystalline;
interbedded with shale, medium gray....... 96.4 =~ 98.5
Shale' grayiSh Olive.-...............o....... 98.5 Lz 100.7
Shale, medium gr@Y.cesvessvoscssniosesssavsse 200.7 = 128.,9
Sandstone, gray; contains black carbonaceous
material...................-.............. 128.9 - 129.9
Shale, medium gray...........o....-.......... 129.9 - 147.0
Shale, medium gray; contains pyrite.......... 147.0 - 152.0
Shale, medium gray...........-........-...... 152.0 - 158.6
Zeandale Formation:
Maple Hill HMember:
Limestone, medium gray, very finely crystal-
line; contains brachiopodS....cceseeeesees 158,6 = 160.2
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Description Depth, in feet

From To

Wamego Member:
Shale, MediUM GraY...ccsessscessscssssecncscsss 160.2 = 163.8
Tarkio Member:
Limestone, medium gray, very finely crystal-
line; contains brachiopodS.....eveseeeese. 163.8 = 164.5
Shale, medium greenish grav...eceeeecesccccscs 164.5 - 167.0
Shale, dark Qray...csssccssssscesscsssssscsces 167.0 = 167.2
Limestone, medium gray, very finely
Crystallin€...ceeeessccassssssccsscecannns 167.2 - 168.6
Limestone, light c<ray, finely crystalline;
contains abundant brachiopeds;
interbedded with shal?, green......sscs.0.. 168,6 - 1U%.9
Willard Formation:
Shale, very dark Qray.sse.eoseessscsssssscssses 168.9 = 170.1
Shale, Medium GraY..cccsesssesassssssssesscces 170.1 = 171.0
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