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ABS T RACT

This annual report presents and interprets the i r.f o rma t ion

obtained by the Conservation and Survey Division (Nebraska

Geological va"vey) during contract year June 1, 1977, to May 70,

1978, under contract NRC-04-76-315 with the U.S. Nuclear

Regulatory Conmission. The information pertains to the geology,

structure, tectonics, and seismicity of eastern Nebraska with

emphasis on the vicinity of the Humboldt Pault Zone in western

Richardson and eastern Pawnee counties. Some of the information

presented here results from a combination of studies begun in

earlier years but the greater part results from studies begun

during the contract year.

The scope of the studies is summarized as follows.

1. Rock outcrops in western Richardson and eastern Pawnee

counties were reexamined and reevaluated, and 64 test holes

were drilled to determine the altitude of the upper surface

of the Tarkio Limestone of Pennsylvanian age;

2. The possible relation of earthquakes in eastern Nebraska to

Pleistocene glaciation was evaluated;

3. Three new seismograph installations were established in

southeastern Nebraska;

4. Gravity surveys of western Richardson er3 eastern Pawnee

counties were extended to the northern end of the Humboldt

Fault Zone and were evaluated;

E | | j$ II1 -)-1 Jm t i



magnetic surveys in western Richardson and eastern

counties were made and evaluated;.t-

ana ground magnetic surveys of the Elk Creek Anomaly*

t' '- and evaluated.

.s of the results of these studies constitute the

<' 7+ this 1 aport.
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STRUCTURE OF TIIE TARKIO LIMESTONE ALONG TIIE IICMBOLDT FAULT 70NE

IN SOUTIIEASTERN NEBRASKA

by
R. R. Burchett and J. L. Arrigo

Introduction

Southeastern Nebraska is a unique area in that outcrops

(fig. 1) and subsurface information are available for detailed

studies of the uppermost Paleozoic rocks. The Table Rock Arch,

a post-Permian structural feature in the outcrop area, trends

north-south over the buried Nemaha Uplift. The east margin of

the Table Rock Arch is defined by the ilumbo ld t Fault Zone, and

eastward from it rock strata are downfaulted or dip steeply into

the Forest City Basin (fig 2). The depth to rocks of Precambrian

age ranges from about 500 feet (152 m) near the Nemaha Ridge in

eastern Pawnee County to more than 4,200 feet (1280 m) in south-

eastern Nemaha County, which is the deepest part of the Forest

City Basin in Nebraska.

The primary purposes of this investigation were to acquire,

by drilling test holes, subsurface data needed to correlate

buried strata with strata that crop out and to gain a better

understanding of buried structural features in southeastern

Nebraska. The top of the Tarkio Limestone, a formation in the

Wabaunsee Group of the Virgil Series of the Pennsylvanian

System, was chosen as a datum plane for a structure map because

the Tarkio underlies most of the study area at a shallow depth

and is easily identified in rock cuttings and cores obtained by

504 ii43
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.

drilling. All available data on the altitude of this surface

in outcrops and in test holes were used as control points for

contour lines depicting the configuration of the Tarkio's upper

surface.

Scope of Investigation

Sixty-four shallow rotary test holes were drilled in western

Richardson and eastern Pawnee counties (fig. 3) by the Riescheck

Drilling Company of Falls City, Nebraska. The holes averaged

about 150 feet (45.5 m) in depth, and each was logged electri-

cally as well as by visual examination of rock cuttings. Some

of the holes penetrated the Tarkio Limestone; others were drilled

to an identifiable horizon whose height above or depth below the

Tarkio is known, which thus provided a Tarkio datum. The holes

were drilled in April, May, and June of 1978 under a cooperative

agreement between the Conservation and Survey Division (Nebraska

Geological Survey) and the Nuclear Regulatory Commission.

A binocular microscope was used for examination of che

cuttings. Legs of the test holes, based on descriptions of the

cuttings, are presented in appendix A. Figures 4 and 5 show a

composit, section of the Lower Permian and Upper Pennsylvanian

rocks dr in the study area, together with a composite
'

electric log of the rocks penetrated.

A careful reexamination of outcrops along the Humboldt

Fault Zone provided additional data for mapping purposes. By

determining the altitude of many outcrops, the investigators

b i! /f 7s-
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were able to establish more vertical control points for the

structure map. Several structures not previously described

became apparent.

Results of Investigation

Interpretations of the Tarkio Structure Map (fig. 6) are

summarized as follows:

(1) The Humboldt Pault probably is not a single structure, as

previously interpreted. Instead, it is a complex zone of

faults and steep dips.

(2) In addition to the north-south trending Table Rock Arch,

two other major structural trends are evident. One is

northwest-southeast and is more strongly developed than the
other, which is southwest-northeast. The latter is more

prominent north and east of the study area.

(3) The direction and angle of dip exhibited by Pennsylvanian

and Permian strata on both sides of the Humboldt Pault Zone

differ markedly within very short distances, thus indicating
that the structural pattern is highly complex. The greatest

dip measured, about 19 NE, was in the SWh sec. 34, T. 1 N.,

R. 13 E., which is adjacent to the state line.

(4) The cititude of the top of the Tarkio Limestone ranges

from about 550 feet (168 m) above mean sea level on the

downthtown side of the Humboldt Fault Zone in the north-

eastern part of the study area to about 1,300 feet (395 m)

above mean sea level on the upthrown side near the center

of the south border of the study area.
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(5) Faults and/or steep dips in the area probably reflect

faulting and steep dips at depth. Deeper structures are

indicated by contours drawn on the base of the Hertha

Limestone, a formation in the Kansas City Group of the

Missouri Series of the Pennsylvanian System (Burchett

1978) and on the surface of Precambrian rocks (Carlson

1967).

(6) Anticlines of low relief in the Tarkio Limestone reflect

similar structures having steeper flanks and more closure

at depth. In Richardson County, oil is or has been pro-

duced from anticlines in Devonian a r. older rocks. The

abandoned Snethen Oil Field in sec. 29 and 30, T. 2 N.,

R. 14 E., was developed in one of these anticlines.

(7) The only fault actually observed in an outcrop within the

study area is in the Cottonwood Limestone Member of the

Beattie Limestone in the Council Grove Group of the

Permian System. Located in the SWh sec. 36, T. 3 N.,

R. 13 E., this fault has a throw of 7.5 feet (2.29 m). The

throw along the Humboldt Fault Zone about 0.5 mile (0.80 km)

to the west is estimated to be about 50 feet (15.2 m).
(8) Displacements along the faults not observable in outcrops

but indicated igure 6 are interpretive for the following

reasons. Thick glucial deporits mantle the bedrock through-

out most of the study area; outcrops are of small areal

extent and consist of strata so similar that their

correlation is difficult; most individual faults appear

9,
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to be of short length; and the distance between outcrops

and test holes available for interpretation ranges from
0.1 (0.161 km) to J mile (1.61 km). Whether faulting or

folding has taken place generally cannot be determined.

The greatest interpreted throw of the Tarkio Limestone,
about 410 feet (125 m), is in sec. 17, T. 3 N., R. 13 E.

A single fault is presupposed but cannot be demonstrated

because its location is covered by alluvium and glacial
deposits.

(9) The Humboldt Pault Zone has a significant effect on the

mineral resources and groundwater supplies of the area.

For 75 years the thicker limestone units of Permian age
have been quarried in many places along and near the fault
zone. Fractures in the bedrock, associated with the fault

zone, serve as reservoirs for water.

(10) Microcarthquakes recently recorded in Kansas and Nebraska

indicate that the Humboldt Fault Zone is still active.
Past earthquakes of greater magnitude also may have been

associated with movements in the same fault zone.
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RELATION OF EARTHQUAKE EPICENTERS TO GLACIATION

by
R. R. Burchett

The theory that the earth's crust recounds when the weight

of glacial ice is relieved and the effect on seismicity has been

debated for many years. In several parts of the world, studies

have shown that glacial unloading has an effect on the earth's

crust with the rate of uplift and seismic activity usually

reaching its peak about the time of deglaciation. The possibil-

ity that earthquake epicenters in Nebraska and elsewhere in the

Midcontinent may correlate with some aspect of glaciation me its

consideration.

Figure 7 shows the distribution and thickness of glacial

deposits in eastern Nebraska. Also shown are the locations of

documented earthquake epicenters within and near the area muer-

ridden by glaciers. Dreeszen (1970, p. 14) wrote about the

extent and thickness of Nebraska's glacial deposits as follows:

". . . . The maximum thickness of combined tills _3 sligt.tly

more than 300 feet [ 91. 4 m] and is attained only in nort!. eastern

Nebraska. The thickness of combined tills in those areas of till

occurrence on the rest of the map is generally less than 50 feet

[ 15. ? ml . However, the same number of tills (often two or three

as distinguished by soils, weathered horizons, pebble counts, or

intermediate beds) is found in each of the thicker and thinner

areas of till occurrence.

The present distribution and thickness of the tills are an
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expression of extent of glacial advance, configuration of the

surface overridden by the ice, original :111 thickness, and

glacial, nonglacial, and post-glacial erosicn. In parts cf the

area of thick tills, a single till with a thickness of more than

100 feet [30.5 m] fills preexisting valleys. The Nickerson Till

of Kansan age is thin and occurs as outliers along the wcJtern

margin of the glaciated area as the result of erosion by streams

diverted southward by ice of later advances. Surely this route

must have been followed by the Missouri River in Kansas time and

much of Illinoian time. The Cedar Bluffs moraine-divide has been

breached and till removed by headward erosion and capture of the

Platte River in the central part of the area. The history of the

development of the drainage system in the glaciated region of

eastern Nebraska and adjacent areas is not known in detai1.

Preliminary analysis suggests that each of the major modern

streams follows paths connecting segments of older drainages.

Regional and local structure influenced the direction a.d extent

of the earliest ice flows. Later stream patterns were re-

established and controlled by divide ridges believed to be an

e.:pression of lateral and marginal moraines. Continental ice

+ low of the later episodes was controlled to some extent by the

then existing drainage pattern. Although segments of the

modern streams and some of the features of their valleys are

inherited from pre-Pleistocene and later Pleistocene morpho-

logical features, the streams and their valleys are essentially
Wisconsinan in age."
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A viewer's first impression of figure 7 might be that earth-

quakes in eastern Nebraska are residual seismic activity related

to either glacial retreat or weight of glacial deposits. Ilow-

ever, a different impression of the relation of seismic activity

to glaciation is gained from figure 8, which shows the limits of

pre-Nisconsinan and Wisconsinan glaciations superimposed on a

map (Dccekal, 1970, fig. 1-A) showing the location of all

recorded earthquakes in the so-called Central Stable Atea of the

United States. With regard to the lin,its of glaciation, the

ericenters appear to be randomly distributed. Those within the

glaciated area are no more densely or widely spaced than those

outside. Furthermore, large parts of the glaciated area

(northern Iowa, southwestern Minnesota, and much of North Dakota)

contain no epicenters whereas some parts contain several closely

spaced ones. Certainly no strong case can be made for correlating

recorded seismic activity in eastern Nebraska with crustal

rebound. Evidence for stream privacy having been a factor in the

development of surface drainage systems in eastern Nebraska

indicates strongly that post glacial crustal adjus tments occurred,

but whether any earthquakes were caused by those adjustments is

an unresolvable question.
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SEISMOLOGICAL STUDIES

by
R. R. Burchett

The Conservation and Survey Division (Nebraska Geological

Survey) and Dr. Russell Smith and Dr. John Clough of the Geology

Department of Nebraska-Lincoln collaborated in the installation

of three portable microcarthquake stations in Nebraska durir.g

contract year 1977-78. All seismographic records are sent to

the University of Nebraska-Lincoln for preliminary analysis and

then are forwarded to the Kansas and Oklahoma Geological Surveys

for more detailed analysis.

The approximate locations of the three new seismographs,

also of the Lincoln (LCN) seismograph installed in spring 1977,

are shown in figure 9. Together with seismographs in the adja-

cent part of Kansas, these seismographs provide continuous

overlapping coverage of seismic activity along the buried Nemaha

Ridge. Precise locations and other pertinent information about

the three new seismographs are given below:

Site designation CTN. Location: SE NW NW sec. 35, T. 8

N., R. 4 E.; lat 40 37'20" N., long 96 56'54" W.; on

Doane College campus at Crete in Saline County, Nebr.

Instrumc,t altitude: 1,415 ft (431 m) msl datum.

Operation b'gt:n Nov. 15, 1977.

Site designation ADN. Location: NW NE NW sec. 21, T. 5

N. R. 14 E.; lat 40 23'28" N., long 95 51'02" W.; on

Auburn High School campus at Auburn in Nemaha County,

G il 'T ii"7-I
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Nebr. Instrument altitude: 965 ft (294 m) msl datum.

Operation begun Nov. 18, 1977.

Site designation GAN. Location: SW NE NE SW sec. 12, T.

12 N., R. 10 E.; lat 41 01'17" N., long 96 14'47" W.;

in Schramm State Park Near Gretna in Sarpy County,

Nebr. Instrument altitude: 1,098.5 ft (335 m) ms1

datum. Opcration begun Dec. 16, 1977.

Additional details about the three seismometer installations

are shown graphically in figure 10.

Equipment at each location consists of the following:

1. Seismometer: Geotech model S-13 with a 629 volt-sec/m gener-

ator constant and a natural frequency adjustable to a low of

0.75 Hz.

Amplifier-filter-recorder-clock system: Geotech Portacorderc.

model RV-320.

3. Time-signal radio receiver- digP-frequency NWV time cubes

purchased from Radio Shack to provide and audio time to the

observer.

Each station is operated by a volunteer who agreed to (1)

permit installation of a seismometer vault on his property, (2)

provide housing for the amplifier-filter-recorder-clock system

and the WWV time-signal radio receiver, and (3) change the seismo-

graph recorder charts, replenish the ink supply, and reset the

clock whenever necessary on a 365-day-per-year basis.

One earthquake in the vicinity of the buried Nemaha Ridge

was recorded on January 12, 1978. Its epicenter was near the

JO5 ) '' 23
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community of Ilowe in south-central Nemaha County (fig. 11).

Data on that earthquake and on four others that occurred along

the Chadron-Cambridge Arch in Nebraska during the period December

1, 1977, to October 1, 1978, are given in table 1.

The largest of the five earthquakes was the one having its

epicenter in southwestern Cherry County. It had a magnitude of

4.0 M nd affected parts of Cherry, Sheridan, Garden, Grant,blg

Arthur, Keith, and Perkins Counties. Locations where the quake

was felt and the intensities of the quake according to the modi-

fled Mercalli scale are indicated in figure 12. Although the

maximum intensity on that scale was V, no major damage was

reported.
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Table 1. Earthquakes occurring in debraska from December 1, 1977, to October 1, 1978.

[ Source: A, J. E. Lawson, Oklahoma Geophysical Observatory, personal communica-
tion; B, D. W. Steeples, hansas Geological Survey, personal communica-

(J1 tion; C, National Earthquake Information Service.)
C
4s

Origin time
Date (UTC) Locality Latitude Longitude Magnitude Source

_

I{h 1 Dec. 1977 13:04:40.20 Furnas Co. 40.322N 99.941W 2.33 M ^blg

l Dec. 1977 13:22:45.38 Furnas Co. 40.225N 99.893W 2.66 M ^
blg

12 Jan. 1978 20:15:28.0 Ifowe 40.3N 95.8W l.4 +0.3 M bblg

y 7 May 1978 16:06 SW Cherry Co. 42.34N 101.93W 4.0 M Cblg

14 Sept. 1976 08:06 Frontier Co. 40.666N 100.283W 2.8 M By
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A ULTAILLD GLOPliYSICAL INVESTIGATION OF bESTERI! RICHARDSON AND
EASTERh PAh71LE COUNTIEC IN SOUTliEASTERN NEBRASKA

by
O. G. Maroney and R. R. Burchett

The purpose of this investigation was to interpret geophysical

data relating to the composition and structure of Precambrian

anu Paleozoic rocks associated with the Nenaha Ridge in western

Richarcson and eastern Pawnee counties, Nebraska (fig. 13). The

geologic significance of that area, herein referred to as the

site specific area, is described with reference to the seismicity
and tectonics of the ional study area, which consists of the

southeastern part of Nebraska.

Major struct'Aral features in the site specific area are

parts of the IJemaha Ridge, the Humboldt Fault, and the Forest

City Basin (Carlson, 1970). Two other structural features in

una near the area have been postulated by Lidiak (1972) on his

1recambrian lithologic map of Nebratka. Based on aeromagnetic

cata presented by King and Zeitz (1971) and drill-hole data in

open files of the Conservation and Survey Division, University

of Gebraska, these two features are grabens, one trending

northwest-southeast across Pawnee and Richardson counties and

the other trending northeast-southwest across Pawnee, Johnson,

ano Nemaha counties. Lidiak indicated also that cataclasis is

common in Precambrian rocks in southeastern Nebraska. Although

ne did not have sufficient data to relate the cataclasis to

29 '
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structural trends, he conjectured that it might be related to
faulting along the Nemaha Ridge or to left latera2 offset of

the Midcontinent anomaly.

FIELO OPERATIO:JS AND DATA PROCI:SSIUC

Gravity Survey

Gravimetric surveying is a geophysical technique that aids

interpretation of subsurface geologic structure. Used in this

type of surveying is a very sensitive weighing device, a Worden

Master, which measures differences in gravity intensity (accelera-
tion) at specific points on the earth's surface. The principal

causes of gravity anomalies generally are either the dissimilar

coupositions of crystalline baseme".t rocks and overlying sedimen-

tary rocks or density contrasts produced by vertical or horizontal

displacements of rocks. However, other phenomena also can contri-

bute to differences in gravity intensity and in combination

with the principal causes can make gravity data somewhat ambiguous.

All gravity base stations in the Nebraska Gravity Network
are tied to the National Gravity Network base station located

at the Lincoln Municipal Airport. Gravity stations established

during this study were located at section corners and half-mile

section lines. Land-surface altitudes at most stations could

be uetermined airectly from 7.5-minute topographic quadrangles.

For other stations, land-surface altitudes were estimated from

_apographic contours and a e accurate within +2 feet.
_

Field gravity data were corrected for latitude, meter drift

504 142- n



and elevation; earth tides were not considered. The maximum

error in station altitudes was enough to produce variations of

+0.2 milligal. Slight inaccuracies in station locations--none

greater than 0.1 minute of latitude--could have produced errors

ut no more than +0.08 milligal. A +0.02 milligal error was

passible from either tidal or instrumental sources. Therefore,

the taximum possible was +0.3 milligal but generally was much

less because some errors were compensatory.

Pouguer values were calculated from assumed computational

uensity values of 2.5, 2.6, and 2.67 gn/cm3 The average density

3value of 2.69 gm/cm obtained by Muehlberger and others (1964)

for two samples of Precambrian crystalline rocks indicated that

z.67 gm/cm3 would be the most realistic Bouguer computational

density value. Tests by the Nebraska Department of Roads yielded

mean densities of 2.51 and 2.34 gn/cm3 for Pennsylvanian and

urmian rocks, respectively, in the site specific study area.o

these three densities were used to compute the effects of observed

gravity versus theoretical gravity for anomaly interpretation.

In the site specific study area more than 800 gravity stations

were used to proauce computer-contoured and hand-contoured Bouguer

gravity maps (figs. la and 15). In addition more than 1400 gravity

stations were occupied in Cass, Sarpy, and Douglas counties

(fig. 16). The data collected at these stations were integrated

with previously collected data to generate a comprehensive regional

Bouguer gravity map of southeastern Nebraska (fig. 17).
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Ground IIagnetic Survey

The instrument used in the ground magnetic survey was a

GeometricsR 826 Proton Magnetometer. This instrument measures

the total magnetic fie.'.d with an accuracy of +1 gamma. Magnetic

anomalies are produced by differences in the degree of rock

magnetization (polarization). Although, to a large extent,

magnetic intensity is related directly to the percentage of the

mineral magnetite in rocks, depth to the magnetic source rocks

is another variable that affects the measurements.

During field operations a few more than 800 magnetic stations

were established at 0.5- and 0.25-mile spacings. Sites selected

au magnetic stations were well-removed from artificial magnetic

sources such as ferces, power lines, and pipelines. Corrections

for diurnal magnetic drift were made by raking observations at

a base station at 3-hour intervals and then using those observa-

tions to correct, by linear interpolation, the readings made at

field stations between base stations. No corrections were made

for latitude. The final magnetic intensity data were contoured

by computer and by hand (figs. 18 and 19).

In order to identify potential sources of observed magnetic

anomalies, values of magnetic susceptibility were obtained for

several rock types in the sti.dy area by using a Bison Model/3101

Magnetic Susceptibility System. According to the manufacturer,

the range of the system is from 0.00001 to 0.1 CGS units with

accuracy approaching 5 to 10 percent.

Magnetic susceptibilities of two groups of rocks were

aetermined. The first group consisted of representative samples

Su-4 i *0
- 4 .1 37
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of glacial drift and Paleozoic rocks obtained during drilling of

oil and gas test wells. Because the samples were from cuttings,

corrections for density were necessary. Although some of the

Paleozoic rocks were ferruginous, none of the samples had suscepti-

bilities large enough (> 0.0028 x 10-6 CGS) to produce discernible

cagnetic anomalies. The second group was composed of samples

of acidic to basic rocks from the Precanbrian basement. These

samples, which consisted of cuttings recovered from deep oil and

gas test wells, also required density corrections. Although

tne selection was liuited, only fresh appearing rocks were selected

for measurement. The values obtajned showed a wide variation

between samples; they ranged from 166.0 to 4160.0 x 10-6 CGS.

INTERPRETATION TECHNIQUES FOR GRAVITY AND GROUND MAGNETIC DATA

Interpretation of gravity and magnetic data is difficult

because many different models for nass distribution and magnetic

field variation can be applied to observed d.ita. Therefore,

all additional multisource data need to be used as aids in the

geopnysical inte)pretation. Woollard (1962) observed that an
understanding of the composition and structure of the crystalline

basement rocks is the most important consideration in the interpret-

ing gravity data in the midcontinent. The same can be said

for magnetic data. McGinnis and others (1966) pointed out that

the inverse relationship existing between positive gravity anoma-

lies and structural depressions in Illinois, Indiana, and Michigan

could be isostatically related. However no such relationship

holds true in Nebraska. Instead most positive gravity anon-lies

40 6 f,,l $, l,Cla a
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correspond to structural " highs," as can be demonstrated by

comparing the profiles showing Bouguer gravity and the top of

Precambrian rocks. Also significant is the generally good corre-

lation of positive magnetic anomalies and structural " highs" on

the Precambrian surface (figs. 20 and 21).

Gravity and magnetic data for the site specific study area

can include effects of glacial drift, Paleozoic and Precambrian

rocks, and geologic structure. To remove the regional gravity

and magnetic components from the local components,,tho Juta were

subjected to trend-surface filtering based on the least squares

functions (figs. 22 and 23). The intent was to enhance those

local Lnomalies that raay indicate geologic structure.

To examine the site specific study area in terms of isostatic

equilibrium, it was necessary to establish the zero free-air

anomaly. This was done by averaging free-air data in 2-mile

radii about a point to smooth the effects of topography. The

cata then were contoured, the zero free-air contour 12ne being

depicted on figure 24. Two east-west free-air profiles (figs.

20 and 21) also were made.

According to Carlson (1967) 15 deep wells have been drilled

into the Precambrian basement rocks within 'he site specific

study area. Also, many oil and gas test wollt have been drilled

into the Paleozoic rocks (Burchett, 1978). Da t. t obtained in

the orilling of the wells were used for an interpretive base

with geophysical data. Information on magnecic susceptibility,

rock density, lithology, and structural con:~iguration were used

with geophysical data to produce a map show.ng Precambrian rock

41
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type and structure ana two east-west geologic profiles (figs.
13, 20, 21, 24, and 25).

In order to identify quantitatively areas of steep magnetic

and gravity gradients a series of prof Les spaced 1 mile apart

were made across magnetic intensity and bouguer gravity maps
perpendicular to contour lines. From these profiles strong

laterally continuous magnetic and gravity gradients per horizontal
distance (100 gammas /.3 mile and 1 milligal/.3 mile) were identi-

fled at points along the profiles. These points were then plotted

on a base map and compared. A close relationship exists between

of steep magnetic and gravity gradients suggesting a similarareas

source of magnetic and gravitational intensity. These data

were then combined with structural information to generate a

Precambrian structural map of the site specific study area (fig.
24). Where structural relief is indicated, faults with vertical

movement were postulated, faults and/or lithologic contacts were

inferred where no structural relief could be demonstrated.
Structural profiles on the top of Precambrian rocks (figs. 20
and 21) were made from figure 24, and the structural data for

the base of Kansas City Group and for the top of the Tarkio

Limestone were taken from Eurchett, (1978, fig. 9) and this
report (fig. 6).

Anomalies in the gravity field within the site specific

study area cannot be accounted for by density contrasts between

glacial drift and Paleozoic rocks or between Paleozoic and Pre-

cambrian rocks. Average gravity effects of the drift and Paleozoic

rocks were computed from the average density values of 2.59 gm/cm3

s o' 4 i58 47s
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for drift, 2. 4 6 gra/cm3 for Paleozoic rocks and 2.68 gm/cm3 for
Precambrian rocks. (The value for Paleozoic rocks actuall" is

an average for Pennsylvanian and Permian rocks only but is

assumed, because of lithologic similarities, to be characteristic

of the entire Paleozoic sequence.) Use of the density contrast

3of 0.12 gm/cm between drift and Paleozoic rocks and an average

thickness of 100 feet for drift yields a gravity effect of less

than 1 milligal. Similarly, if the density contrast of 0.21

gm/cm3 between Paleozoic and Precambrian rocks and a maximum

thickness of 2,500 feet for Paleozoic rocks are used, the gravity

effect of the Paleozoic rocks, as computed from the horizontal

slab formula of Nettleton (1976), is 1 milligal per 900 feet

thickness or about 3 milligals for the ma::imum total thickness

of the Paleozoic rocks in the site specific study area. Because

the combined effects of the drift and Paleozoic rocks are too

small to account for the anomalies in the gravity field, contrast-

ing densities and elevational differences in Precambrian rocks

must be the principal causes of those anomalies.

A comparison of gravitational gradient and sloping density

contrasts of Nettleton (1976) is informative. From an elevation

on the top the Precambrian of 362 feet above sea level, deternined

from drill hole data, to a second Precambrian elevation of 2437

teet below sea level there is approximately a 593 feet / mile

structural gradient which has been interpreted as faulting or

steeply dipping beds (Carlson, 1967). Between these same two

data points there is an observed Bouguer gravity gradient of

2.5 milligals per mile. Using Nettleton's (p. 202, 1976)

, ,
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formula for sloping density contrasts, a theoretical gradient of

0.91 milligal/ mile was computed. The disparity between the

observed and theoretical gradients can be best accounted for by

faulting rather than by steep dip.

Variations of magnetic susceptibility values for glacial

drift and Paleozoic rocks were insignif.. cant. Therefore, it

can be assumed that the Precambrian rocks strongly influence

the configuration of the magnetic intensity map. Although there

was no linear correspondence between high magnetic susceptibility

values for Precambrian rocks and high total magnetic intensity,

it was possible to see some relationship between depth to Pre-

cambrian, magnetic susceptibility, and total magnetic intensity.

Comparison of profiles representing the top of Precambrian rocks

with profiles of total magnetic intensity (figs. 20 and 21)

indicates a generally positive correlation except for the western

quarter of profile A-A' (fig. 20). An explanation for this

exception is not apparent.

Figure 24 indicates a dominant northwest-southeast structural

grain, also a minor northeast-southwest structural grain in the

eastern part of the site specific study area. If the gravimetric

and magnetic intensity data are assumed to reflect the structure

and lithology of Precambrian rocks, several regional tectonic

relationships can be postulated. For example, figure 24 indicates

normal step faulting of Precambrian rocks between the Nemaha

Ridge and the Forest fity Basin; normal faulting, in turn implies

isostatic adjustment. The subparallel conformity of the zero

free-air anomaly contour to the structural grain of the study

504 1(i * *han,
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area lends support to this postulation (fig. 24).

Several authors have suggested left-lateral offset of the

northeast-southwest trending body of Keweenawan rocks (the mid-

continent anomaly) by transform faulting but provided little

evidence for strike-slip displacement of Precambrian rocks in

the area. The geophysical data available as a result of this

study can be interpreted as supportive of transform faulting.

Furthermore, the 1.0 B.Y. radiometric date for a sample from a

core of a gabbroic intrusive body near Steinauer, Nebraska (S. E.

Treves, pers. comm., 1978) is consistent with the radioinetric

age determination for the Keweenawan rocks to the north. This

intrusive body lies along a steep northeast-southwest trending

aeromagnetic gradient that parallels the trend of the Keweenawan

rocks, as indicated by Kiag and Zietz (1971). The aeromagnetic

gradient was interpreted by Lidiak (1972) as indicative of a

graben that truncated another graben trending northwest from

the site specific study area.

A steep gravity gradient corresponding to the northwest

aeromagnetic trend that passes through the Steinauer area and

into the site specific study area is indicated by the detailed

gravimetric survey of southeastern Nebraska (fig. 17). The

southeast boundary of the northwest-southeast trending steep

gravi.j and aeromagnetic trends is paralleled by the zero free-air

isogal, which indicates that the configuration of the stress

field coincides with the strike of the proposed transform fault'

that offsets the midcontinent anomaly. The seemingly anomalous

occurrence of gabbro, carbonatite and basalt along the same

./7
\ O L-
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northwest-southeast trend (Carlson, 1967, Lidiak, 1972) may be

relateu to the proposed transform faulting. From his examination

of recordeu earthquake epicenter and intensities in eastern

Jebraska, Burchett (1978) detected a northwest-southeast trend

to epicenters of V-VII MM (Modified Mercalli) intensities (fig.

17). This trend appears to coincide with the trend of the proposed

transform fault. Dobecki and LaFountain (1975) report a similar

relation between seismicity and offset of the midcontinent anomaly

by transform faulting in Kansas and Nebraska.

The coincidence of northwest-southeast t.ending aeromagnetic

anu gravity gradients and of epicenters of strong earthquakes

together with the areal distribution and gabbroic and basaltic

igneous rocks in the site specific and regional study areas are

indicative of a zone of crustal weakness. More specifically,

this zone is postulated to be an active left-lateral transform

fault.

[1 I 'h b

52



References

Burchett, R. R., 1978, Regional tectonics and seismicity of

eastern Nebraska, Annual Report, June 1, 1976-June 1, 1977:

U.S. Nuclear Regulatory Research NUREG/CR-0053. Available

from Natl. Tech. Service, Springfield, VA 22161.

Carlson, M. P., 1967, Precambrian well data in Nebraska, including
rock type and surface configuration: Univ. Nebraska,

Con:ervation and Survey Div., Nebraska Geol. Survey Bull.
25, 123 p.

Carlson, M. P., 1970, Distribution and subdivision of Precambrian

and Lower and Middle Paleozoic rocks in the subsurface of
Nebras:ca: Univ, of Nebraska, Conservation and Survey Div.,

Nebraska Geol. Survey Rept. of Invest. 3, 25 p.

Dobecki, T. L., and LaFountain, L. J., 1975, Seismicity and

structure along a portion of the midcontinent geophysical

anomaly: Geophy. Abst., vol. 56, p. 602-603.

King, E. R., and dietz, I., 1971, Aeromagnetic study of the

raidcontinent gravity high of central United States :

Geol. Soc. America Bull., v. 82, p. 2187-2208.

Lidiak, E. G., 1972, Precambrian rocks in the subsurface of

Nebraska:, Univ. Nebraska, Conservation and Survey Div.,

Nebraska Geol. Survey Bull. 26, 41 p.

JOk
53



McGinnis, L. D., IIeigold , P. C., Ervin, C. P., and IIcidari, M. ,

1976, The gravity field and tectonics of Illinois: Illinois

State Geol. Survey Cire. 494. p.

Muchlberger, W. R., Denison, R. E., and Lidiak, E. G., 1964,

Buried basement rocks of the United States of Alaerica

and Canada: Final Report, Appendix to vol. II, contract

AF49 (628)-lll5/ARPA Order No. 180-62. Univ. Texas, at

Austin.

Nettleton, L. L., 1976, Gravity and magnetics in oil prospecting.

New York, McGraw-Ilill Book Co., 453 p.

Woollara, G. P., 1962, The relation of gravity anomalies to

surface elevation, crustal structure, and geology: Univ

Wisconsin Geophysical and Polar Rerearch Center Rept.

62-9, 350 p.

504 165
54



A GEOPilYSICAL STUDY OF THE ELK CREEK ANOMALY

by David G. Maroney and R. R. Burchett

Discovered by geophysical reconnaissance in 1970, the Elk

Creek Anomaly was described initially as a positive circular

gravity anomaly having a naximum relief of 8 mgal. A vertical

magnetometer survey showed an 800-gamma positive anorcaly closing

in sec. 33, T. 4 N., R. 11 E., in Johnson County, Nebraska (Bur f eind

et al, 1971, Carlson, 1972a). Core drilling near maximun gravity

and .agnetic closures in the NE 1/4 sec. 4, T. 3 N., R. 12 E.,

Pawnee Cuunty, indicated about 45 feet of Quaternary glacial

deposits and 583 feet of Upper and Middle Pennsylvania marine

rocks overlying silicate-bearing, iron-rich carbonate rocks

classed as a carbonatite (Treves et al, 1972a, 1972b, Brookins

et al, 1975). Coring operations penetrated about 325 feet of

carbonatite having nearly uniforn lithology (Carlson et al,

1972b).

A detailed gravinetric and ground-magnetic study was undertaken

in spring 1973 to map the extent and configuration of the anomaly

in greater detail. To suppliment the existing data spaced at

intervals of 0.5 mile, more than 100 additional gravity stations

were occupied at sites accessible only on foot. Also occupied

were 350 total magnetic field stations, most of which coincided

with gravity station locations. A simple Bouguer gravity ma

(fig. 26) based on the data obtained indicates an east-weet
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elongate elliptical area having taximum closure of about 1 square

mile. Residual gravity based on a -30 ngal datum shifted the

anomaly 0.25 mile northward and indicated a clocure of 10 mgal

(fig. 27). A northeast-southwest Bouguer gravity profile over

the anomaly (fig. 28) demonstrates a steep east-trending gravity

gradient that t ay indicate the igneous body dips te the east.

A density value of 3.26 gm/cc for the carbonatitic rocks

was determined by the water ir~_rsion meth--d. Density contrasts

with sarrounding Precambrian crystalline rocks range fron J.53

to 0.59 and account for the anomalous gravity values in the Llk

Creek area.

A rap showing total nagnetic intensity (fig. 29) indic :s

a con. plex twin-loted uagnetic field pattern having closures of

300-400 gammas along a northeast-southwest trend. The steep

magnetic gradient to the east-northeast shown by the northeast-

scuthwest n.agnetic profile (fig. 23) also indicates that the

igneous body dips generally eastward. A residual magnetic map

(fig. 30) prepared by using a 60-gamma regionel magnetic gradient

tu the northwest indicated two 600-gamma clliptical closures

aligneu northeast-southwest. The only carbonatite core available

for analysis was obtained from a test hole drilled outside both

high-anplitude closures. Magnetic susceptibility readings taken

at 2b foot intervals along the 325 foot length of core averaged

442.0 x 10-7 cys. Magnetic contrasts with everlying Pennsylvania

rocks were nearly zero and with nearby granitic rocks were mostly

zero or negative and thus could not account for the magnetic

i *'Qr;jQ iUU57 J
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anomaly at Elk Creek. Therefore the source of magnetism must

be deep seated or due to lateral lithologic changes within the

carbonatite body.

Because the Middle Pennsylvanian rocks overlying the carbonatite

exhibit no evidence of contact metancrphisu or cataclasis it is

inferred that the Elk Creek carbonatite was emplaced in pre-Middle

Pennsylvanian time.
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Appendix A

This appendix consists of descriptions of the sixty-fout

test holes drilled in western Richardson and eastern Pawnee
counties. All locations are shown in figure 3 of the text.

All measurements in this appendix are expressed in feet.

To convert to the International System of Units, multiply feet
b ', .3048 to obtain meters.
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Test Hole 1-78

Location: Richardson County, SW SW SE SW sec. 34, T. 1 N., R. 13
E., approximately 15 feet ncrth of south section line
and 1,495 feet east of west section line.

Ground-level elevation: 1,215.0 feet above mean sea level.

Started: April 21, 1978. Completed: April 21, 1978.

Total depth: 50.0 feet.

Description Depth, in feet

From _T_o.
Quaternary System:

Soil (no sample)............................... 0 - 3.0

Permian System - Big Blue Series - Council Grove Group:
Grenola Formation:
Legion Member:
Sba'e, yellowish olive......................... :.0 - 5.0

Sal.,ards Member:
Limestone, medium gray, finely crystalline..... 5.0 - 6.5

Roca Formation:
Shale, yellowish brown......................... 6.5 - 9.0
Shale, medium to dark gray..................... 9.0 - 11.5
Limestone, light brown, finely crystalline to

dense, soft.................................. 11.5 - 11.8
Shale, light to medium gray.................... 11.8 - 15.0
Shale, light greenish gray; contains gypsum
crystals..................................... 15.0 - 18.5

Limestone, very light gray to buff, dense,
impure....................................... 18.5 - 21.5

Shale, medium gray............................. 21.5 - 22.0
Limestone, very light gray to buff, dense,

impure....................................... 22.0 - 24.0
Shale, light greenish gray..................... 24.0 - 24.5
Limestone, buff to light brown, densa.......... 24.5 - 26.5
Shale, light greenish gray..................... 26.5 - 27.0
Limestone, light brown, dense.................. 27.0 - 29.0
Shale, pale olive, mottled with red............ 29.0 - 35.5

Red Eagle Formation:
Howe Member:
Limestone, light gray to brown,

irregularly crystalline, impure.............. 35.5 - 39.5
Bennett Member:
Shale, black, carbonaceous..................... 39.5 - 44.0

Glenrock Member:
Limestone, light brown, finely crystalline-
contains brachiopods and fusulinids.......... 44.0 - 45.0

Shale (lost circulation, no sample)........ 45.0 - 50.0...
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Test Hole 2-78

Location: Richardson County, SE corner sec. 33, T. 1 N., R. 13 E.,
approximately 35 feet north of south section line and 45
feet west of east section line.

Ground-level elevation: 1,183.0 feet above mean sea level.

Started: April 21, 1978. Completed: April 21, 1978.

Total depth: 77.0 feet

Description Depth, in feet

From To
Quaternary System: ~~

Soil (no sample)............................... 0 - 4.0

Pennsylvanian System - Virgil Series - Wabaunsee Group:
Zeandale Formation:
Wamego Member:
Shale, brownish gray, silty.................... 4.0 - 10.0
Shale, dark brown, silty....................... 10.0 - 16.0
bhale, light gray ............................. 16.0 - 17.5

Tarkio Member:
Limes.n.e, brown, coarse to irregularly crystal-

line; contains fusulinids and brachiopods.... 17.5 - 18.0
Shale, light greenish gray..................... 18.0 - 19.5
Limestone, brown, finely crystalline; contains
brachiopods, fusulinidu, and Osagia.......... 19.5 - 20.0

Shale, orangish brown... ...................... 20.0 - 21.0
Limestone, yellowish brown, finely crystalline;
contains brachiopods, fusulinids,and Osagia.. 21.0 - 23.5

Willard Formation:
Shale, light bluiah gray....................... 23.5 - 29.5
Shale, light to medium gray.................... 29.5 - 45.0
Shale, medium gray............................. 45.0 - 56.0
Shale, dark gray............................... 56.0 - 57.0

Emporia Formation:
Elmont Member:
Limestone, tannish gray, finely crystalline to

dense; contains fusulinids and brachiopods... 57.0 - 59.5
Shale, light to medium gray.................... 59.5 - 60.5
L.imestone, light tannish gray, finely cr

to dense.........................ystal-line 60.5 - 62.2.......

Harveyville Member:
Shale, light to medium gray.................... 62.2 - 66.5

Reading Member:
Limestone, medium gray, finely crystalline;

contains brachiopods and fusulinids.......... 66.5 - 69.5
Shale, medium gray............................. 69.5 - 70.0
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Description Depth, in feet

From To__

Limestone, light gray, finely crystalline to
dense, impure; contains brachiopods.......... 70.0 - 70.5

Shale, medium gray............................. 70.5 - 71.5
Limestone, light gray, finely crystalline,

impure; contains brachiopods and crinoids.... 71.5 - 72.0
Auburn Formation:

Shale, light gray.............................. 72.0 - 77.0

Test Hole 3-78

Location: Richardson County, SE SE SW SW sec. 34, T. 1 N., R. 13
E., approximately 15 feet north of south section line
and 825 feet east of west section line.

Ground-level elevation: 1,187.0 feet above mean sea level.

Started: April 21, 1978. Completed: April 21, 1978.

Total depth: 77.0 feet.

Description Depth, in feet

From _T _o
Quaternary System:

Soil (no sample)............................... 0 - 2.0
Clay, light brown.............................. 2.0 - 4.0
Clay, reddish brown............................ 4.0 - 7.0

Permian System - Big Blue Series - Admire Group:
Onaga Formation:
Towle Member:
Shale, greenish gray; contains manganese

staining..................................... 7.0 - 10.0
Shale, olive mottled with red.................. 10.0 - 11.0
Sha'e, dark reddish brown...................... 11.0 - 15.5
Shale, reddish brown mottled with olive and
green........................................ 15.5 - 16.0

Pennsylvanian System - Virgil Series - Wabaunsee Group:
Wood Siding Formation:
Brownville Member:
Limestone, light gray, irregularly crystalline,

impure; contains brachiopods and algal
material..................................... 16.0 - 18.5

Pony Creek-Plumb Members:
Shale, pale olive.............................. 18.5 - 21.0
Shale, reddish gray nottled with green......... 21.0 - 23.5

rn i <,
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Description Depth, in feet

From _T_o

Shale, greenish gray mottled with orange....... 23.5 - 25.0
Shale, reddish gray............................ 25.0 - 28.5
Shale, light greenish gray..................... 28.5 - 29.5
Shale, red..................................... 29.5 - 35.0
Shale, red, interbedded with pale yellow and

olive........................................ 35.0 - 36.0
Limestone, yellow brown, finely crystall impure;,

contains brachiopods and algai materie 36.0 - 37.0.....

Shale, light greenish gray, silty.............. 37.0 - 41.0
Shale, medium gray.............................. 41.0 - 13.3

Nebraska City Member:
Limestone, dark gray, finely crystalline;

contains brachiopods and crinoids............ 43.3 - 43.9
Rocc Foruation:
French Creek Member:
Coal, black, soft.............................. 43.9 - 44.1
Shale, light bluish gray....................... 44.] - 50.0
Shale, medium to dark gray..................... 50.0 - 59.5

Jim Creek Member:
Limestone, medium gray, finely crystalline;
contains brachiopods and crinoids............ 59.5 - 60.5

Friedrich Member:
Shale, light to medium gray.................... 60.5 - 64.5
Shale, reddish brown........................... 54.5 - 67.0

'

Shale, light greenish gray, interbedded with
sandstone, light greenish gray, very finely
micaceous.................................... 67.0 - 68.5

Sandstone, light tannish gray, very finely
micaceous, interbedded with shale, greenish
gray........................... 68.5 - 70.5.............

bandstone, light tannish gray, very finely
micaceous, interbedded with shale, red....... 70.5 - 73.5

Shale, reddish brown........................... 73.5 - 77.0

Test Hole 4-78

Location: Richardson County, NW NE NE SE sec. 28, T. 1 N., R. 13
E., approximately 2,655 feet south of north section line
and 612 feet west of east section line.

Ground-level elevation: 1,068.0 feet above mean sea level.

Started: April 24, 1978. Completed: April 24, 1978.

Total depth: 126.0 feet.
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Description Depth, in feet

From _T o_
yuaternary System:

Soil (no sample).................... 0 - 5.0..... ....

Clay, brownish gray, sandy..................... 5.0 - 11.5

Permian System - Big Blue Series - Admire Group:
liamlin Formation:
Oaks Member:
Shale, greenish gray........... 11.5 - 15.0...............

Shale, pale yellowish brown mott.'ed with olive
and red...................................... 15.0 - 16.0

Shale, greenish gray........................... 16.0 - 17.0
liouchens Creek Member:
Shale, light bluish gray, interbedded with

limestone, light gray, dense................. 37.0 - 21.0
Stine Member:
Shale, greenish gray........................... 21.0 - 29.0
Shale, medium gray............................. 29.0 - 35.0
Limestone, medium to dark gray, medium to finely
crystalline; contains brachiopods, interbedded
with shale, dark gray........................ 35.0 - 36.0

Shale, medium gray............................. 36.0 - 36.7
Shale, greenish gray, interbedded with limestone,

brownish gray, dense, thin................... 36.7 - 40.0
Shale, reddish brown........................... 40.0 - 42.0
Shale, light greenish gray..................... 42.0 42.5-

Limestone, tannish gray, finely crystalline.... 42.5 - 43.5
Shale, light greenish gray..................... 43.5 - 45.5
Shale, reddish gray............................ 45.5 - 46.3
Shale, light greenish gray..................... 46 - 46.6'

Shale, olive................................... 46.i - 46.8
Five Point Formation:

Limestone, light gray, irregularly crystalline;
contains algal material................... 46.8 - 49.0..

Weut Branch Formation:
Shale, olive................................... 49.0 - 50.5
Shale, light gray.............................. 50.5 - 56.5
Shale, greenish gray, interbedded with limestone,

tannish gray, densa.......................... 56.5 - 60.0
Limestone, light gray, dense, soft............. 60.0 - 61.0
Shale, light greenish gray..................... t' l . C - 63.3
Shale, dark greenish gray...................... 63.3 - 63.5
Limestone, dark gray, impure................... 63.5 - 65.0
Shale, dark gray............................... 65.0 - 73.5

Falls City Formation:
Lehmer Member:
Lirae s tone , light gray, irregularly crystalline,

interbedded witn shale, gray................. 73.5 - 76.5
Reserve Member:
Shale, medium gray............................. 76.5 - 18.2
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Description Depth, in feet

Frem ToMiles Member: --

Limestone, light gray, salt-and pepper
appearance................................... 78.2 - 78.8

Onaga Formation:
Shale, light greenish gray..................... 73.8 - 79.5Shale, reddish gray mottled with light greenish

gray......................................... 79.5 - 87.2
Shale, greenish gray........................... 87.2 - 93.2
Shale, red..................................... 93.2 - 98.0
Shale, olive gray.............................. 98.0 - 99.5

Pennsylvanian System - Virgil Series - Wabaunsee Group:
Wood Siding Formation:
Brownville Member:
Limestone, light gray nottled with olive, ver

finely crystalline.........................y 99.5 - 101.7..

Pony Creek-Plumb Members:
Shale, olive................................... 101.7 - 104.3
Shale, greenish gray............... 104.3 - 108.0..........
Shale, red........................ 108.0 - 112.5............

Shale, red interbedded with ahnle, greenish
gray......................................... 112.5 - 117.0Shale, olive................................... 117.0 - 118.0Shale, gray................................. 118.0 - 119.2..

Nebraska City Member:
Limestone, medium gray, finely crystalline,

impure; contains brachiopods and crinoids... 119.2 - 120.0
Root Formation:
French Creek Member:
Shale, gray.................................... 120.0 - 120.9
Coal, black.................................... 120.9 - 121.2Shale, medium gray............................. 121.2 - 126.0

Test Hole 5-78

Location; Richardson County, SE corner NW sec. 28, T. 1 N., R. 13
E., approxinc tely 2,630 feet south of north section line
and 2,632 feet east of west section line.

Ground-level elevation: 1,132.0 feet above mean sea level.

Started: April 25, 1978. Completed: April 25, 1978.

Total depth: 62.0 feet.

Jba 1"QF',,
;oo

69

, _ . . _ . - .. - . .

_.



Cescription Depth, in feet

From _T _o
Quaternary System:

Soil ( n o s a mp l e ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 - 2.0

Pennsylvanian System - Virgil Series - Wabaunsee Group
Willard Formation:

Shale, o l i v e r..o t t l e d w i t h r e d . . . . . . . . . . . . . . . . . . 2.0 - 4.0
Shale, olive mottled with gray and yellow...... 4.0 - 10.0
Shale, brownish olive mottled with gray and
yellow....................................... 10.0 - 25.0

Shale, light gray mottled with yellow.......... 25.0 - 32.8
Emporia Formation:
Elmont Member:
Limestone, medium gray, fir ely crystalline;
contains brachiopods a J crinoids............ 32.8 - 35.5

Shale, medium gray, limy....................... 35.5 - 36.6
Limestone, medium gray, finely cr"stalline;
contains brachiopods and fusulinids.......... 36.8 - 37.0

liarveyville Member:
Shale, light gray.............................. 37.0 - 39.s
Shale, medium gray............................. 39.5 - 43.7

Reading Member:
Limestone, medium grmy, finely crystalline;
contains brachiopous and crinoids............ 43.7 - 45.9

Shale, medium gray............................. 45.9 - 46.1
Limestone, mediun gray, finely crystalline;

contains brachiopods and crinoids............ 46.1 - 46.5
Shale, medium gray............................. 46.5 - 47.2
Limestone, medium gray, finely crystalline;
contains brachiopods and crinoids............ 47.2 - 48.8

Auburn Formation:
Shale, medium gray............................. 48.8 - 54.5
Limestone, light gray, finely crystalline-
interbedded with shale, greenish gray........ 54.5 - 56.3

Shale, light greenish gray..................... 50.3 - 56.5
Shale, light to medium gray.................... 56.5 - 60.0
Shale, medium gray............................. 60.0 - 62.0

Test Ilole 6-78

Location: Richardson County, NW NW NW sec. 21, T. 1 N., R. 13 E.,
approximately 4 feet south of north section line and 282
feet east of west section line.

Ground-level elevation: 1,117.0 feet above mean sea level.

Started: April 25, 1978. Completed: April 25, 1978.

Total depth: 67.0 feet.
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Description Depth, in feet

From _To_
guaternary System:

Soil (no sample)............................... 0 - 4.0

Permian System - Big Blue Series - Admire Group:
Onaga Formation:

Shale, reddish brown........................... 4.0 - 5.0
Shale, pale olive.............................. 5.0 - 10.0
Shale, pale olive mottled with yellow.......... 10.0 - 18.0
Shale, medium gray, interbedded with limestone,

gray, thin................................... 18.0 - 21.0
Shale, reddish brown......... 21.0 - 21.6................

Limestone, dark yellowish bro...i, medium
crystalline; contains manganese staining..... 21.6 - 22.6

Shale, reddish gray............................ 22.6 - 24.2
Shale, pale olive raottled with yellow and

gray......................................... 24.2 - 25.5

Pennsylvanian System - Virgil Series - Wabaunsee Group:
Wood Siding F ormation:
Brownville Member:
Limestone, pale yellow, finely crystalline;
manganese staining contains brachiopods...... 25.5 - 28.0

Pony Creek Formation:
Plumb Member:
Shale, olive....................... 28.0 - 31.0...........

Shale, medium gray............................. 31.0 - 32.7
Shale, black; contains coal, black. scft....... 32.7 - 32.9
Shale, pale greenish gray...................... 32.9 - 34.0
Shale, reddish brown........................... 34.0 - 40.0
Shalc, pale olive gray......................... 40.0 - 40.3
Shale, medium gray............................. 40.3 - 41.2
Limestone, light tannish gray, finely crystal-

line; contains brachiopods................... 41.2 - 43.4
Shale, gray; conta;as black carbonaceous

matc .1..................................... 43.4 - 44.0
Shale, ght gray.............................. 44.0 - 49.6

Nebrast ity Member:
Lime s to ..e , dark gray, finely crystalline,

impure; contains brachiopods................. 49.6 - 50.7
Root Formation:
French Creek Member:
Coal, black.................... 50.7 - 50.9...............

Shale, light gray.............................. 50.9 - 60.0
Shale, medium gray....... 60.0 - 64.4.....................

Jim Creek Member:
Limestone, light to medium gray, finely crystal-

line; contains brachiopods................... 64.4 - 66.5
Friedrich Member:
Shale, light gray.............................. 66.5 - 67.0
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Test Hole 7-78

Location: Richardson County, NW NE NE UU sec. 21, T. 1 N., R. 13
E., approximately 8 feet south of north section line and
2,100 feet east of west line.

Ground-level elevation: 1,177.0 feet above mean sea level.

Started: April 25, 1978. Completed: April 25, 1978.

Total depth: 80.0 feet.

Description Depth, in feet

From _T _o

Permian System - Big Blue Series - Coun':il Grove Group:
Foraker Formation:
Hughes Creek Member:
Limestone, pale yellow, soft, impure, highly
weathered.................................... 0 - 1.0

Shale, pale olive.............................. 1.0 - 7.0
Shale, medium gray............................. 7.0 - 9.0
Shale, olive................................... 9.0 - 9.9

Americus Member:
Limestone, medium to dark gray, finely crysti l-

line; contains brachiopods and crinoids...... 9.9 - 11.1
Admire Group:
Hamlin Formation:

Oaks Member:
Shale, dark gray to black mottled with olive... 11.1 - 12.0
Limestone, yellow, finely crystalline: contains
brachiopods and crinoids..................... 12.0 - 12.2

Shale, olive mottled with yellowish brown and
gray......................................... 12.2 - 13.0

Shale, gray mottled with olive................. 13.0 - 14.0
Shale, yellow.................................. 14.0 - 17.5
Shale, medium gray............................. 17.5 - 18.0
Shale, yellow mottled with olive............... 18.0 - 20.0
Shale, greenish gray........................... 20.0 - 24.0
Shale, yellow.................................. 24.0 - 24.5
Shale, red..................................... 24.5 - 25.5
Shale, pale olive mottled with dark reddish

brown........................................ 25.5 - 27.a
liovchens Creek Member:
Limestone, yellowish brown, finely crystalline

to dense............... 77.5 - 28.0.....................

Shale, greenich gray........................... 28.0 - 28.3
Limestone, yellowish brown, finely crystalline

to dense..................................... 28.3 - 29.0
Shale, greenish gray, interbedded with limestone
brown........................................ 29.0 - 30.0
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Description Depth, in feet

From To
Stine Member:

--

Shale, olive............................. 30.0 - 31.0.....

Shale, medium gray mottled with olive.......... 31.0 - 35.0
Shale, light to mediun gray.................... 35.0 - 40.0
Shale, medium to dark gray....... 40.0 - 4'.5.............

Limestone, medium gray, finelu etystalline;
contains brachiopods........ 42.s - 44.0................

Shale, medium to dark gray..................... 44.0 - 46.5
Limestone, light greenish gray, finely

crystalline.................................. 46.5 - 48.0
Shale, light greenish gray..................... 40.0 - 49.0
Shale, reddish gray............................ 49.0 - 50.7
Shale, medium gray............................. 50.7 - 51.3
Limestone, light tannisP gray, finely

crystalline.................................. 51.3 - 51.9
Shale, light gray.............................. 51.9 - 52.5
Shale, olive................................... 52.5 - 53.0
Shale, dark reddish brown...................... 53.0 - 54.0
Shale, reddish yellow.......................... 54.0 - 55.5
Shale, medium gray............................. 55.5 - 56.1

Five Point Formation:
Limestone, light gray, finely crystalline; contains

brachiopods, gastropods,and algal material... 56.1 - 56.9
West Branch Formation:

Shale, ligat greenish gray..................... 56.9 - 57.2
Shale, medium gray............................. 57.2 - 62.7
Limestone, light greenish gray, dense interbedded
with shale, greenish gray.................... 62.7 - 65.3

Shale, light greenish gray mottled with red.... 65.3 - 68.0
Shale, light greenish gray..................... 68.0 - 68.3
Shale, medium to dark gray..................... 68.3 - 77.5

Falls City Formation:
Lehmer Member:
Lin.e s to n e , dalk yellowish orange, soft,

porous............. 77.5 - 78.0........... .............

Limestone, light to nu ium gray, finely crys-
talline; con ta .i n s brachic pods. . . 78.0 - 79.5............

Shale, medium gray............................. 79.5 - 80.0
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Test Hole 8-78

mocation: Richardson County, NL corner IN sec. 28, T. 1 N., R. 13
E., approximately 20 feet south of north sectior line
and 2,625 feet east of west section line.

Grounc-level elevation: 1,127.0 feet above mean sea level.

Started: April 26, 1978. Completed: April 26, 1978.

Total depth: 130.0 feet.

Description Depth, in feet

From _T_o
guaternary System:

Soil (no sample)............................... 0 - 1.0
Clay, brownish gray............................ 1.0 - 6.0

Pennsylvanian System - Virgil Series - Wabaunsee Group:
Stotler Formation:
Ury Member:
Shale, reddish brown.... 6.0 - 13.0......................

Limestone, cream and dark yellow, finely crys-
talline; contains crinoids and pyrite,
interbedded with shale, reddish brown........ 13.0 - 17.0

Shale, pale olive gray......................... 17.0 - 18.0
Shale, red mottled with olive.................. 18.0 - 28.7
Shale, olive brown............................. 28.7 - 31.3
Shale, medium gray............................. 31.3 - 52.6

Dover Member:
Limestone, bluish gray, finely crystalline;
contains brachiopods and crinoids............ 52.6 - 53.7

Shale, light gray.............................. 53.7 - 54.7
Limestone, light tannish gray and light
greenish gray, finely crystalline......... 54.7 - 54.9..

Zeandale-Pillsbury Formations:
Shale, light greenish gray to light gray....... 54.9 - 57.0
Shale, reddish brown........................... 57.0 - 59.7
Shale, pale olive nottled with light gray...... 59.7 - 62.0
Shale, medium gray............................. 62.0 - 72.0
Shale, light to medium gray.................... 72.0 - 80.5

Tarkio Member:
Limestone, medium gray- contains
brachiopods.................................. 80.5 - 81.9

Shale, light greenish gray interbedded with
shale, dark gray with black carbonaceous
streaks...................................... 81.9 - 82.4

Limestone, brownish gray, finely crystalline;
contains brachiopods and crinoids............ 82.4 - 82.9

Simle, 1 ght greenish gray..................... 82.9 - 84.0
Shm_e, reddish brown........................... 84.0 - 85.4
Limestone, cream to white, finely crystalline;
contains glauconite, fusulinids, and Osagia.. 85.4 - 90.0
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Description Depth, in feet

From To
Willard Formation:

~~

Siltscone, light greenish gray, very finely
micaceous.................................... 90.0 - 94.0

Shale, light und dark olive mottled with yellow
and gray..................................... 94.0 - 98.0

Shale, light to medium gray.................... 98.0 - 117.5
Shale, light to medium gray, interbedded with

'imestone, brown, dense, thin................ 117.5 - 117.6
Shale, medium gray............................. 117.6 - 122.5

Emporia Formation:
Elmont Member:
Limestone, brownish gray, very finely crystal-

line; contains brachiopods................... 122.5 - 123.9
Shale, medium gray............................. 123.9 - 124.2
Limestone, light gray, very finely crystalline;
contains 'vachiopods......................... 124.2 - 126.5

Shale, green 13. gray........................... 126.5 - 127.0
Limestone, light brownish gray, irregularly

crystalline; contains pyrite................. 127.0 - 127.5
liarveyville Member:
Shale, light to medium gray mottled with

olive........................................ 127.5 - 130.0

Test IIole 9-78

Location: Ricaardson County, SW W NW SW sec. 16, T. 1 N., R. 13
E., approximately 2,040 feet north of scuth section line
and 15 feet east of west section line.

Ground-level elevation: 1,040.0 feet above mean sea level.

Started: April 26, 1978. Completed: April 26, 1976.

Total depth- 58.0 feet.

Description Depth, in feet

From To
Luateraary System:

--

Soil (no sample)............................... 0 - 2.0
Clay, reddish brown............................ 2.0 - 5.0
Clay, reddish brown; contains sand and gravel.. 5.0 - 12.0

Pennsylvanian System - Virgil Seriec - Wabaunsee Group:
Pillsbury Formation:
Limestone, reddish brown, irregularly crys-

talline; contains brachiopods................ 12.0 - 12.5
Shale, olive................................... 12.5 - 15.5
Shale, red..................................... 15.5 - 20.0

r <ni

Jd: '+1 100
75



Description Depth, in feet

From _T _o

Shale, olive................................... 20.0 - 21.3
Shale, medium gray............................. 21.3 - 32.1

Zeandale Formation:
Maple liill Member:
Limestone, bluish gray, finely crystalline, con-

tains brachiopods, crinoids, and fusulinids.. 32.1 - 33.5
Wamego Member:
Coal, black.................................... 33.5 - 33.7
Shale, light greenish gray..................... 33.7 - 34.2
Sandstone, greenish gray, very finely
micaceous.................................... 34.2 - 36.8

Shale, light greenish gray..................... 36.8 - 37.8
Shale, light greenish gray, very finely micace-
ous; contains black carbonaceous material.... 37.8 - 43.0

Shale, light gray............................ 43.0 - 43.5.

Shale, medium to dark gray..................... 43.5 - 46.5
Tarkio Member:
Limestone, mediur to dark gray, finely crystal-
line; contains brachiopods, crinoids and
pyrite....................................... 46.5 - 47.3

Shale, light greenish gray mottled with red.... 47.3 - 48.8
Limestone, cream, finely crystalline; contains

fusulinids and Osagia, interbedded with
shale, light greenish gray................... 48.8 - 54.5

Willard Formation:
Shale, light greenish gray..................... 54.5 - 56.0
Shale, light greenish gray interbedded with
red.......................................... 56.0 - 58.0

Test IIole 10-78

Location: Richardson County, tM corner sec. 32, T. 1N R. 13 E.,
approximately 12 feet south of north section .ine and
10 feet east of west section line.

Ground-level elevation: 1,205.0 feet above mean sea level.

Started: April 26, 1978. Completed: April 26, 1978.

Total depth: 56.0 feet.

Description Depth, in feet

From _To_Quaternary System:
Soil ( n o s amp l e ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0- 3.0Clay, brownish gray and yellow; contains sand

and gravel................................... 3.0 - 10.0
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Description Depth, in feet

From _T _o

Pennsylvanian System - Virgil Series - Wabaunsee Group:Zeandale Formation:
Namego Member:
Shale, brownish gray........................... 10.0 - 11.0Tarkio Member:
Limestone, yellowish brown, finely crysta ne;'i

contains fusulinds and Osagia................ 11.0 - 15.0Limestone, yellowish brown, finely crystalline
interbedded with shale, olive................, 15.0 - 16.0Willard Formation:

Shale, olive................................... 16.0 - 21.0Shale, olive interbedded with
Shale, medium gray............ gray............. 21.0 - 22.0

................. 22.0 - 48.8Shale, black; contains b]ack car
material......................bonaceous 48.8 - 49.0Shale, medium gray...................

..............

49.0 - 49.5Emporia Formation: .........

Elmont Member:
Liruestone, medium gray, finely crystalline;

contains brachiopods and fusul
49.5 - 51.0Shale, greenish gray............inids..........

............... 51.0 - 52.9Limestone, light tannish gray, finely crystal-
line; contains brachiopods and fusulinids.... 52.9 - 53.4harveyville Member:

Shale, medium gray............................. 53.4 - 56.0

Test flole 11-78

Location: llichardson County, SE SE SW SE sec. 31, T. 1 N., R. 13E., approximately 23 feet north of south section line
and 1,480 feet west of eart section line.

Grouno-level elevation. 1,229.0 feet above mean sea level.
Started: April 27, 1978. Completed: April 27, 1978.

'lotal depth: 107.0 feet.

Description Depth, in feet

From
_T _oUuaternary System:

Soil (no sample)............................... 0 - 1.0Clay, orangish brown; silty; contains
sand and gravel.............................. 1.0 - 7.0

jnop r. :
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Description Depth, in feet

From To
__

Clay, orangish brown, silty;
contains lime nodules........................ 7.0 - 13.0

Clay, yellowish brown, silty, contains sand
13.0 - 23.0and gravel...................................

Clay, olive-yellow, silty...................... 23.0 - 26.5

Pennsylvanian System - Virgil Series - Wabaunsee Group:
Burlingame Formation:
South Fork Member:
Limestone, yellowish brown, very finely crystalline,

highly weathered; contains brachiopods
26.5 - 29.5and pelecypods...............................

Winnebago Member:
29.5 - 32.5Shale, olive gray..............................

Limestone, yellow, finely crystalline.......... 32.5 - 33.0
33.0 - 34.3Shale, olive gray............................ .

34.3 - 35.0Shale, dark gray...............................
Taylor Branch Member:
Limestone, medium gray, finely crystalline..... 35.0 - 35.5

Shale, dark gray to black...................... 35.5 - 35.7

Limestone, light to medium bluish gray, very
finely crystalline; contains pyrite and
brachiopods.................................. 35.7 - 37.8

Shale, greenish gray...................... 37.8 - 38.1....

Limestone, light gray, very fic91y
crystalline.................................. 38.1 - 38.9

Scranton Formation:
Silver Lake Member:
Sandstone, light brown, silty.................. 38.9 - 41.1

Shale, medium gray, sandy...................... 41.1 - 46.0

Shale, light to medium gray.................... 46.0 - 53.0

Shale, medium gray............................. 53.0 - 55.2

Rulo Member:
Lirue s tone , light brownish gray, very finely

crystalline; contains brachiopods, crinoids,
and fusulinids............................... 55.2 - 55.9

Cedarvale Member:
Shale, medium gray............................. 55.9 - 59.8

Shale, greenish gray........................... 59.8 - 67.5

Happy Hollow Member:
Limestone, light greenish gray, very finely

crystalline, interbedded with shale, light
greenish gray................................ 67.5 - 70.0

White Cloud Menber:
Shale, very light greenish gray................ 70.0 - 75.0
Shale, light to medium gray.................... 75.0 - 83.0
Shale, light gray.............................. 83.0 - 88.2
Sandstone, medium gray, si1ty.................. 88.2 - 88.3
Shale, medium gray, silty, sandy............... 88.3 - 92.0
Shale, medium gray, silty...................... 92.0 - 107.0
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Test Hole 12-78

Location: Pawnee County, bW SE SE SE sec. 36, T. 1 N., R. 12 E.,
approximately 5 feet north of south section line and 200
feet east of west section line.

Ground-level elevation: 1,185.0 feet above mean sea level.

Started: April 27, 1978. Completed: April 27, 1978.

Total depth: 127.5 feet.

Description Depth, in feet

From _To_Ruaternary System:
Soil (no sample)............................... 0 - 1.5

Pennsylvanian System - Virgil Series - Nabaunsee Group:
Scranton Formation:
Rulo Member:
Limestone, yellow, fine to very finely crystalline,

highly weathered; contains algal material.... 1.5 - 2.0
Cedarvale-White Cloud Members:
Shale, olive brown............................. 2.0 - 3.0
Coal, black; contains black carbonaceous

material..................................... 3.0 - 3.5
Shale, light to medium gray.................... 3.5 - 7.0
Shale, light gray.............................. 7.0 - 11.0
Sandstone, reddish brown, interbedded with shale,

gray.................................... 11.0 - 19.0....

Silt, light gray, interbedded with sandstant; very
fine grained; contains organic material...... 19.0 - 22.5

Shale, medium gray, silty, sandy............... 22.5 - 32.0
Shale, medu m gray, interbedded with

siltstone, light gray........................ 32.0 - 39.9
Sandstone, orown, very fine grained............ 39.9 - 40.0
Shale, light gray, sandy, interbedded with

siltstone, brown............................. 40.0 - 44.0
Shale, olive brown, interbedded with sandstone

brown......................................., 44.0 - 48.0.

Landstone, orangish brown, interbedded with
shale, brown................................. 48.0 - 50.0

Shale, light gray, silty....................... 50.0 - 53.0
Sandstone, brown, very fine grained, interbedded
with silt, orangish brown.................... 53.0 - 58.0

Shale, light greenish gray; contains trace of
coal, black, thin............................ 58.0 - 62.$

Sandstone, white to light gray, very fine
grained, line cemented; contains black
carbonaceous material........................ 62.5 - 64.9Silt, light gray, interbedded with sandstone,
gray, very fine grained...................... 64.9 - 68.0
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Description Depth, in feet

From _T o_

Shale, light to medium gray, interbedded with
68.0 - 71.0siltstone, gray..............................

Siltstone, gray, interbedded with shale, light
71.0 - 77.0gray.........................................

Siltstone, gray and greenish gray.............. 77.0 - 83.0
Siltstone, greenish gray, sandy................ 83.0 - 86.5
Sandstone, light greenish gray................. 86.5 - 87.2
Siltstone, greenish gray, interbedded with

sandstone, gray, very fine grained........... 87.2 - 83.0
Limestone, light tannish gray, very finely

crystalline to dense......................... 88.0 - 89.0
Shale, medium gray, silty...................... 89.0 - 102.0
Shale, medium gray, interbedded with sandstone,

gray, very fine grained...................... 102.0 - 113.0
Shale, medium gray, silty; contains black

carbonaceous material........................ 113.0 - 116.8
Sandstone, light gray, very fine to fine grained;
contains black carbonaceous materia.......... 116.8 - 117.5

Shale, medium gray, silty...................... 117.5 - 118.0
110.0 - 122.5Shale, light gray..............................

iioward Formation:
Limestone, bluish gray, irregularly crystalline,
contains brachiopods, crinoids, and
fusulinids............................... 122.5 - 123.5...

123.5 - 125.0Shale, light gray.......................... ...

Limestone, bluish gray, irregularly c rystaliine;
contains brachiopods, crinoids, and
fusulinids................................... 125.0 - 127.5

Test IIole 13-78

Location: Richardson County, SE SL SW SE sec. 9, T. 1 N., R. 13
f., approximately 33 feet north of south section line
and 1,366 feet west of east section line.

Ground-level elevation: 1,120.0 feet above mean sea level.

Started: April 28, 1978. Completed: April 28, 1978.

Total depth: 103.0 feet,

n*
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Description Depth, in feet

From _To_
vuaternary System:

Soil (no sample)............................... 0- 1.0

Pennsylvanian System - Virgil Series - Wabaunsee Group:
Stotler-Root Formations:
French Creek Member:
Shale, olive brown............................. 1.0 - 11.0
Shale, olive gray.............................. 11.0 - 12.7
Shale, black................................... 12.7 - 13.5
Shale, brown................................... 13.5 - 14.0

Jim Creek Member:
Limestone, medium gray nottled with brown,

finely crystalline; contains brachiopods..... 14.0 - 14.4
Friedrich-Dry Members:
Shale, brown................................... 14.4 - 14.8
Shale, light gray; c o n t :' i n s liny nodules and
brachiopods.................................. 14.8 - 16.0

Shale, light gray.............................. 16.0 - 19.0
Shale, reddish brown........................... 19.0 - 22.8
Shale, light greenish gray, interbcdded with

limestone, tannish gray, dense............... 22.8 - 25.5
Shale, red interbedded with light green........ 25.5 - 27.0
Shale, reddish brown........................... 27.0 - 39.0
Shale, olive....................... 39.0 - 41.0...........

Shale, medlum gray... 41.0 - 62.2........................

Dover Member:
Limestone, medium to dark gray, finely crystal-

line; contains brachiopods................... 62.2 - 63.0
1111sbury Fornation:

Shale, light greenish gray, silty, sandy,
limy......................................... 63.0 - 65.0

Shale, reddish brown........................... 65.0 - 69.0
Shale, olive................................... 69.0 - 71.0
Shale, medium gray............................. 71.0 - 79.5

Jeandale Formation:
Maple Hill Member:
Limestone, bluish gray, finely crystalline;
contains brachiopods, crinoids, and
fusulinids................................... 79.5 - 81.4

Wamego Member:
Coal, black.................................... 81.4 - 81.6
Shale, light gray.............................. 81.6 - 8'.0
Shale, medium gray............................. 89.0 - 91.2

Tarkio Member:
Limestone, medium to dark gray, finely crystal-

line, pebbly texture; contains brachiopods... 91.2 - 92.0
Shale, light gray interbedded with reddish

brown........................................ 92.0 - 93.3
Shale, reddish brown........................... 93.3 - 95.0
Limestone, white to cream, finely crystalline;
contains glauconite, fusulinids, and Osagia.. 95.0 - 100.5
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Description Depth, in feet

From _T _o
hi Lard Formation:

Shale, light greenish gray interbedded with
sandstone, tan, very fine grained............ 100.5 -101.3

Shale, olive interbedded with gray and brown... 101.3 -103.0

Test Hole 14-78

Location: Richardson County, SE corner SU sec. 10, T. 1 N., R. 13
E., approximately 25 feet north of south line and 2,614
feet east of west section line.

Ground-level elevation: 1,050.0 feet above mean sea level.

Started: April 28, 1978. Completed: April 28, 1978.

Total depth: 137.0 feet.

Description Depth, in feet

From _T _o
Quaternary System:

Soil (no sample)............................... 0 ' .L

Pennsylvanian System - Virgil Series - Wabaunsee Group:
Wood Siding Formation:
Pony Creek-Plumb Members:
Shale, brownish gray........................... 2.0 - 6.0
Shale, redoish brown........................... 6.0 - 15.2
Shala, olive interbedded with gray............. 15.2 - 19.0

Nebraska City Member:
Limestone, medium gray, finely crystalline:

contains brachiopods......................... 19.0 - 20.0
Root Formation:
French Creek Member:
Shale, clive brown............................. 20.0 - 20.4
Coal, black.................................... 20.4 - 21.0
Shale, light gray................ 21.0 - 24.5.............

Shale, medium gray............................. 24.5 - 26.5
Limestone, medium grav, finely crystalline;

contains brachiopods and p3 rite.............. 26.5 - 27.1
Coal, black.................................... 27.1 - 27.2
Shale, light gray.............................. 27.2 - 36.0
Shale, medium gray............................. 36.0 - 41.3

Jim Creek Member:
Limestone, medium gray, finely crystalline;

contains brachiopods......................... 41.3 - 43.0
Friedrich Member:
Shale, light gray.............................. 43.0 - 48.0
Shale, reddish brown........................... 48.0 - 51.0
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Description Depth, in feet

From To
__

Shale, reddish browa interbedded with greenish
gray................ 51.0 - 51.5... .................

Stotler Formation:
Grandhaven Member:
Limestone, cream and light gray, interbedded

with shale, red.... 51.5 - 54.0.. .............. ......

Dry Member:
Shale, light greenish gray, limy............... 54.0 - 55.0
Shale, reddish brown........................... 55.0 - 66.0
Shale, olive mottled with gray................. 66.0 - 67.3
Shale, light to medium gray.................... 67.3 - 91.6

Dove. Member:
Limestone, medium to dark gray, very finely

crystallint; centaine brachiopods and
crinoide........... 91.6 - 92.5.........................

Pillsbury Formation:
Shale, light greenish gray..................... 92.5 - 95.5
Shale, reddish brown....................... 95.5 - 99.0...

Shale, olive................................... 99.0 - 100.0
ohale, m e d i un , g r a y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100.0 - 112.0

Zeandale Formation:
Maple Hill Member:
Li.nestone, medium gray, finely crystalline;
contains brachiopods, crinolds, and
glauconite................ 112.0 - 113.2..................

Wamego Membcr:
Shale, medium to dark gray..................... 113.2 - 115.0
Limestone, bluish gray, irregularly crystalline;
contains brachiopods and crinoida............ 115.0 - 115.4

Shale, light gray.................. 115.4 - 119.0...........

Shale, medium grey................ 119.0 - 120.9............

Tarkio Member:
Li.nes tone , dark gray, irregularly crystalline;

pebbly texture; contains brach opods and
crinoids..................... 120.9 - 121.6...............

Shale, light gray.............. 121.6 - 122.7...............

Shale, reddish brown.......... 122.7 - 124.0...............

Shale, greenish gray.......... 124.0 - 124.4................

Linestone, cream, irregularly crystalli"e;
contains fasulinids and Osacia.. 124.4 - 129.0............

Willard Formation:
Shale, light greenish gray..................... 129.' - 131.0
Shale, olive interbedded with red.............. 131.0 - 133.0
Shale, light greenish gray..................... 133.0 - 135.0
Shale, light to medium gray.................... 135,0 - 137.0
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Test Hole 15-78

Location: Richardson County, SE I:E SE NE sec. 16, T. 1 N., R. 13
E., approxinately 1,670 feet south of north section
line and 26 feet west of east section line.

Gro 7d-level elevation: 1,090.0 feet above mean sea level.

Started: May 2, 1978. Completed: May 2, 1978.

Total depth: 107.0 feet.

Description Cepth, in feet

From To
Quaternary System:

__

Soil (no sample)............................... 0 - 1.0
Clay, brown, sandy......... 1.0 - 7.9...................

Pennsylvanian System - Virgil Series - Wabaunsee Group:
boou Siding Formation:
Brownville Member:
Limestone, dark yellott, very finely crystalline;
contains brachiopods and crinoids............ 7.9 - 8.1

Pony Creek-Plumb Members:
Shale, olive gray mottled with yellow.......... 8.1 - 13.4

Linie s ton e , yellowish brown, hi.ghly weathered;
contains algal material....................... 13.4 - 13.6

Shale, light greenish gray..................... 13.6 - 15.5
Shale, reddish brown........................... 15.5 - 21.0
Shale, olive gray.............................. 21.C - 22.0
Shale, medium gray............................. 22.0 - 23.7

Nebraska City Member:
Limestone, medium to dark gray, finely crystal-

line; contains brachiopods and crinoids...... 23.7 - 25.5
Root Fo r.na t ion :
French Creek Member:
Coal, black.............. 25.5 - 25.7.....................

Shale, light gray........ 2 5 . ~/ - 31.5.....................

Shale, light gray, limy... 31.5 - 31.9....................

Shale, light gray interbedded with black;
contains traces of coal...................... 31.9 - 32.1

Shale, light gray.............................. 32.1 - 38.o
Shale, medium gray............................. 38.0 - 42.0
Snale, medium gray interbedded with dark gray.. 42.0 - 45.9

Jim Creek Member:
Limestone, light to medium gray; contains

brachiopods.................................. 45.9 - 46.2
Friedrich Member:
Shale, light gray....... 46.2 - 51.5......................

Shale, reddish brown........................... 51.5 - 55.1

, .5.
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Description Depth, in feet

From To
Stotler Formation: --

Grandhaven Member:
Limestone, light greenish gray, very finely

crystalline; contains brachiopods............ 55.1 - 58.2
Dry Member:
Shale, light greenish gray..................... 58.2 - 59.2
Shale, reddish brown........................... 59.2 - 71.0
Shale, ligh' gray interbedded with olive....... 71.0 - 72.0
Shale, medium gray............................. 72.0 - 77.0
Shale, light to rcedium gray.................... 77.0 - 82.0
Shale, light gray.............................. 82.0 - 94.7

Dover Member:
Limestone, medium to dark bluish gray,

irregularly crystalline; contains brachio-
pods and crinoids.. 94.7 - 95.7. ..... .. . . ...

Pillsbury Formation:
Shale, light greenish gray....... 95.7 - 97.0.............

Shale, olive interbedded with greenish gray.... 97.0 - 99.0
Shale, reddish brown interbedded with greenish

gray anu olive............................... 99.0 - 102.0
Shale, olive interbedded with mediun 102.0 - 104.0
Shale, medium cray................... gray......

104.0 - 107.0..........

Test liole 16 ~/8

Location: Richardson County, I;E IR: NE NE sec. 20, T. 1 N., R. 13
E., approximately 11 feet south of north section line
and 895 feet west of east section line.

Ground-level elevation: 1,0F,.0 feet above mean sea level.

Started: May 2, 1978. Completed: May 2, 1978.

Total depth: 197.0 feet.

Description Depth, in feet

From _T_oQuaternary System:
Soil (no sample)...........................<... 0 - .0
Clay, reddish brown, silty; contains sand and

gravel....................................... 2.0 - 7.0

5g4 i96
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Description Depth, in feet

From T _o_

System - Virgil Series - h'abaunsee Group:' a: 2 d

1.e lurnation:
amber

t< .e, cale yellow, finely crystal?Ip ,
weathered; contains fusulin101 ,.

. . ius, and Osagia................. 7.0 - 11.0.......

it icrmation:, ,

. :, 11ve mottled witP yellow, brown, and
11.0 13.0....................................

1ght olive............................. l?.0 - 19.0.c, 1

a., .edium gray.......... 19.0 - 41.9, ..................

a ornation:
- . enter.

1, brownish gray, finely to very finel.y
: stal 1:.e ; contains brachiopods and

- 1:.las................................... 41.9 - 44.2
nediur. gray............................. 44.2 - 45.2. ,

s t o ;e , gray, finely to very finely crystal-. .

.e, contains brachiopsds, crinoids,
, zaans, and pirite........................ 45.2 - 46.5

11jht greenish gray..................... 46.5 - 17.1a.. .,

e > t u r;e , .ight brown, finely crystalline;
.tains orachiopods......................... 47.1 - C.E

. i N'embe r :.2: ,

11aht greenish gray...................<. 47.5 - 49.0,

a '. u iedium gray............................. 49.0 - 52.0,

a. .erLer:
; u.e, medium gray, finely crystalline..... 52.0 - 54.5*

'euium gray............................. 54.5 - 54.7a. .,

. mtone, medium gray, finely to very fjnely
, : t a l line ; contains brachiopods and

<1cs. 54.7 - 55.5...................................

e s t u.:e , medium gray, finely crystalline,.

terLedded with shale, gray................. 55.5 - 55.9
a;~, aedium gray................ 55.9 - 56.0............

e t u .; e , lj Jht gray, very finely crystalline
. .luisa gray, irregularly crystalline;
- .t a l:.s algal material............. 56.0 - 57.0........

t o i rma t io n :

.e, .ight to mediur gray, lity.............. 57.0 - 62.3
.- t o * . e , light gray, finely crystalline,. <

: ceaued with shale, greenish gray........ 62.3 - 63.0
a.e, .1cht greenish gray..................... 63.0 - 70.0
at eulur gray........ 70.0 - 80.0, ............... ...

a ermation:
o t e .e , light gray, irregularly crystalline;

brachiopods, f u s ul .i n id s , and* * a l c. s

.c:oa::s.................................... 80.0 - 83.G

n
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Description Depth, in feet

From To
Soldier Creek Formation: ~~

Shale, medium gray............................. 83.6 - 90.0
Shale, light greenish gray..................... 90.0 - 93.0

Burlingame Formation:
South Fork Member:
Limestone, creat and light tannish gray, fine

to very finely crystalline; contains algal
material..................................... 93.0 - 96.0

Winnebago Member:
Shale, light greenish gray mottled with olive.. 96.0 - 100.0
Shale, medium gray............................. 100.0 - 102.0

'iaylor branch Member.
Limestone, medium gray, very finely crystal-

line; contains brachiopods................... 102.0 - 103.4
Shale, medium gray............................. 103.4 - 104.5
Limestone, bluish gray, irregularly crystal-

line; ccntains brachiopous, crinoids, and
pyrite.............. 104.5 - 105.6........................

Shale, medium gray............................. 105.6 - 107.0
Limestone, light gra3, very finely crystal-

line; contains brachiopods................... 10'.0 - 107.5
Scranton Formation.

Shale, light greenish gray..................... 107.5 - 111.0
Shale, light to medium gray.................... 111.0 - 128.5
Shale, light greenish gray interbedded with
dark greenish gray........................... 128.5 - 140.0

Siltstone, medium gray......................... 140.0 - 140.2
Shale, light greenish gray, silty.............. 140.2 - 141.0
Shale, medium gray, silty, sandy............... 141.0 - 147.0
Shale, medium gray, interbedded with siltstone,

greenish gray................................ 147.0 - 352.5
Siltstone, medium gray, interbedded with sand-

stone, light greenish gray, very finelmicaceous.............................y 152.5 - 156.2.......

Sandstone, light greenish gray, limy........... 156.2 - 160.0
Silt, medium gray, sandy....................... 160.0 - 178.0
Sandstone, light gray, very fine grained, limy;

cont,. ins black carbonaceous material......... 178.0 - 180.5
Silt, mediun gray to light greenish gray,

interbedded with sandstone, medium gra verygraineu..........................y,fine 180.5 - 197.0.......
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Test Hole 17-78

Location: Richardson County, NE corner SL sec. 8, T. 1 N., R. 13
E., approxinately 2,649 feet south of north section line
and 20 feet west of east section line.

Ground-level elevation: 986.0 feet above mean sea level.

Started: May 3, 1978. Completed: May 3, 1978.

Total depth: 148.0 feet.

Description Depth, in feet

From _To_
Quaternary System:

Soil (no sample)............................... 0- 5.0
Clay, light brown........................ 5.0 - 12.0.....

Clay, light grayish brown, silty............... 12.0 - 17.5
Clay, dark gray, silty......................... 17.5 - 20.0
Clay, brownish gray, very silty; contains sand

and gravel................................... 20.0 - 22.0

Pennsylvanian System - Virgil Series - Kabaunsee Group:
Auburn Fornation:

Shale, light gray.............................. 22.0 - 27.0
Shale, light gray interbedded with greenish

gray......................................... 27.0 - 33.2
Wakarusa Formation:
Limestone, yellowish brown, finely crystal-

line; contains brachiopods................... 33.2 - 35.9
Soldier Creek Formation:

Shale, olive................................... 35.9 - 36.0
Shale, light gray.............................. 36.0 -- 39.5
Shale, light gray, limy........................ 39.5 - 42.0
Shale, light to medium gray.................... 42.0 - 48.0

Burlingame Formation:
South Fork Member:
Limestone, crean, fine to very fine crystal-

line; contains glauconite and algal material. 48.0 - 49.0
Winnebago Member:
Shale, light greenish gray..................... 49.0 - 50.0
Shale, olive mottled with gray................. 50.0 - 53.0
Shale, light to medium gray.................... 53.0 - 56.0

Taylor Branch Member:
Limestone, light to medium gray, finely crys-

talline; contains pyrite..................... 56.0 - 57.0
Shale, light to medium gray.................... 57.0 - 59.0
Limestone, bluish gray, irregularly crystal-

line; contains brachiopods and algal
material..................................... 59.0 - 61.5
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Description Depth, in feet

From To
Scranton Formation:

--

Cedarvale Men 6er:
Shale, light gray, limy........................ 61.5 - 63.0
Shale, medium to dark gray..................... 63.0 - 65.0
Shale, light gray.............................. 65.0 - 80.2

Rulo Member:
Limestone, bluish gray, irregularly crystalline;

contains crinoids and pyrite................. 80.2 - 31.0
White Cloud Member:
Shale, light gray............. 81.0 - 85.0................

Shale, very light gray to white, limy.......... 85.0 - 87.0
Shale, light and dark greenish gray............ 87.0 - 92.0
Shale, light greenish gray, interbedded with

limestone, greenish gray, dense.............. 92.0 - 97.0
Shale, light greenish gray..................... 97.0 - 100.0
Shale, light to medium gray.................... 100.0 - 115.0
Shale, medium gray, silty...................... 115.0 - 120.0
Shale, medium gray, silty, interbedded with

sandstone, medium gray, very fine grained.... 120.0 - 135.0
Shale, medium gray, silty; contains black

carbonaceous material........................ 135.0 - 141.5
Shale, medium gray, silty, interbedded with

sandstone, medium gray, very fine grained.... 141.5 - 148.0

Test llole 18-78

Location: Richardson County, NE corner SE sec. 5, T. 1 N., R. 13
L., approximately 2,642 feet south of north section linc
and 8 feet west cf eas' section line.

Ground-level elevation: 930.0 feet above mean sea level.

started: May 4, 1978. Completed: May 4, 1978.

Total depth: 122.0 feet.

Description Depth, in feet

From _T o
Uuaternary Systen:

Soil (no sample)............................... 0 - 3.0
Clay, brown, silty, sandy...................... 3.0 - 23.0
Clay, light gray, silty, sandy................. 23.0 - 26.0
Clay, greenish gray, silty.................... 26.0 - 29.0
Clcy, brown, silty............................ 29.0 - 32.0
land, medium to very coarso, and gravel, fine
to nedium: contains reworked shell
fragments............... 32.0 - 44.0....................
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Description Lepth, in feet

From To__

l'ennsylvanian System - Virgil Series - Wabaunsee Group:
burlingame Formation:
Taylor Branch Member:
Shale, light gray.............................. 44.0 - 45.0
Limestone, light to medium gray, coarse to very

finely crystalline........................... 45.0 - 45.7
Scranton Formation:
Silver Lake-Cedarvale Members:
Shale, olive................................... 45.7 - 46.5
Lirestone, light gray, very finely

crystalline.................................. 46.5 - 47.0
Shale, medium to dark gray..................... 47.0 - 52.0
Shale, light to medium gray.................... 52.0 - 57.0
Shale, light gray, interbedded with limestone,

gray, cense.................................. 57.0 - 62.0
Shale, light gray.............................. 62.0 - 70.0
Shale, reddish brown........................... 70.0 - 73.0
Shale, light greenish gray..................... 73.0 - 75.0
Shale, reddish brown........................... 75.0 - 79.5

ff appy IIollow Member :
Limestone, white with red staining, very finely

crystalline, 1.iterbedded with sandstone, red,
very fine grained............................ 79.5 - 80.0

Shale, reddish brown........................... 30.0 - 80.6
Limestone, white with red staining, very finely
crystalline. interbedded with sandstone, red,
very fine grained............................ 80.6 81.0-

White Cloud Member:
Shale, light reddish broun..................... 81.0 - 83.0
bhale, greenish gray........................... 83.0 86.0-

Shale, light gray, silty....................... 86.0 - 92.0
Shale, light gray, silty, sandy................ 92.0 - 97.2
Limestone, medium to dark gray, irregularly
crystalline; contains brachiopods, crinoids,
and bryozoans................................ 97.2 - 98.0

Shale, light gray.............................. 98.0 -107.0
Shale, medium gray, silty, sandy............... 107.0 -122.0
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Test Hole 19-78

Location: Richardson County, 13.' corne r sec . 7, T. 1 N., R. 13 E.,
aproximately 16 feet south of north section line and 58
feet east of west section line.

Ground-level elevation: 1,010.0 feet above mean sea level.

Started: May 4, 1978. Completed: May 4, 1978.

Total depth: 92.0 feet.

Description Depth, in feet

From T_oQuaternary System: _

Soil (nc sample)............................... 0 - 1.0
Clay, yellowish brown; contains sand and

gravel....................................... 1.0 - 11.0
Clay, yellow mottled with olive; contains cand

and gravel................................... 11.0 - 16.0

Pennsylvanian System - Virgil Series - Wabaunsee Group:
Soldier Creek Formation:

Shale, olive................................... 16.0 - 21.0
Shale, merlium gray............................. 21.0 - 23.0
Shale, light gray.............................. 23.0 - 24.5

Burlingame Formation:
South Fork Member:
Limestore, light gray, very finely crystalline;

contains manganese staining and algal
material..................................... 24.5 - 28.6

Winnebago Member:
Shale, light gray mottled with olive........... 28.6 - 31.0
Shale, medium gray............................. 31.0 - 33.2

Taylor Branch Member:
Limestone, medium gray, very finely crystalline;

contains brachiopods......................... 33.2 - 34.3
Shale, medium to dark gray..................... 34.3 - 38.0
Limestoae, 1.4. gh t tannish gray, very finelcrystalline............................y 38.0 - 39.2......

Shale, light greenish gray, limy............... 39.2 - 40.2
Limestone, light gray, very finely crystalline;

contains pyrite................... 40.2 - 41.0..........

Scranton Formation:
Silver Lake Member:
Snale, light gray.............................. 41.0 - 57.5

Rulo Member:
Limestone, gray and brownish gray, very finely

crystalline; contains brachiopods and
crino1ds..................................... 57.5 - 58.0

Cedarvale-White Cloud Members:
Shale, light gray.............................. 58.0 - 61.0
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Description Depth, in feet

From _T _o

Shale, light greenish gray..................... 61.0 - 68.0
Shale, light red interbedded with greenish
gray......................................... 68.0 - 68.5

Shale, light greenish gray mottled with olive.. 68.5 - 69.5
Shale, light greenish gray..................... 69.5 - 72.0
Shale, light gray.............................. 72.0 - S2.0
Shale, light gray, silty....................... 82.0 - 92.0

_T_e. s t H o l e 20-78

Location: Richardson County, Center South Line SE SE SW sec. 31,
T. 2 N., R. 13 E., approximately 25 feet north of south
section line and 2,305 feet east of west section line.

Ground-level elevation: 1,097.0 feet above mean sea level.

Started: May 4, 1978. Completed: May 4, 19/8.

Total depth: 77.0 feet.

Description Depth, in feet

From _T_oUuaternary System:
Soil ( n o s a mp l e ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0- 3.0

Pennsylvanian System - Virgil Series - Wabaunsee Group:
Zeandale Formation:
Wamego Member:
Shale, yellowish brown......................... 3.0 - 10.0
Shale, gray mottled with olive................. 10.0 - 13.0

Tarkio Member:
Limestone, yellow and reddish gray, finely crys-

talline; contajns brachiopods and crinoids... 13.0 - 14.0
Shale, reddish brown........................... 14.0 - 15.0
Limestone, yellowish brown, very finely crystal-

line; contains Osagia, fusulinids, and
manganese staining........................... 15.0 - 16.5

Willard Formation:
6.5 a l e , reddish gray mottled with greenish
gray......................................... 16.5 - 17.0

Shale, reddish brown........................... 17.0 - 20.0
Shale, greenish gray........................... 20.0 - 22.0
Shale, reddish gray............................ 22.0 - 23.0
Shale, greenish gray............................ 23.0 - 26.0
Snale, light to medium gray mottled with
olive........................................ 26.0 - 29.0
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Description Depth, in feet

From
_T _o

Shale, light to mediun gray.................... 29.0 - 43.0Shale, medium gray, liuy....................... 43.0 - 50.5Luporia Formation:
Elmont Member:
Limestone, bluish gray, very finely crystalline;
contains brachiopods and fusulini 50.5 - 52.7Shale, medium gray.................ds..........

............ 52.7 - 56.0Limestone, light gray, vercrystalline.............y finely
..................... 56.0 - 56.2If arveyville Member :

Shale, light to nediumolive................ gray mottled with
........................ 56.2 - 60.6heading Member:

Limestone, gray, very finely crysta'line;
contains brachiopods and 60.6Shale, medium gray......... crinoids............ 63.5-

.................... 63.5 - 64.4Limestone, light to medium gray, irregularly
crystalline; contains brachio andcrinoids..................... pods

................ 64.4 - 66.4Auburn Formation:
Shale, medium gray............................. 66.4 - 68.sLimestone, bluish gray, irregularly crystalline;

contains brachiopods and crinoids... 68.5 - 68.9Shale, greenish gray...........................
68.9 - 69.2Shale, reddish

brown.....................
........

69.2 - 74.0Shale, olive mottled with .....

Shale, medium gray........ gray................. 74.0 - 76.0
..................... 76.0 - 77.0

Test Dole 21-78

Location: Pawnee County, NL fM UE DE sec. 1, T. 1 N., R. 12 E.,approximately 16 feet south of north sectirn line and
665 feet west of east section line.

Ground-level elevation: 1,025.0 feet above mean sea level.
Started: May 5, 1978. Completed: May 5, 1978.
Tctal depth: 77.0 feet.

Description Depth, in feet

Uuaternary System: From
_T _o

Soil ( n o s am p l e ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 - 2.0Clay, reddish brown, silty, sandy.............. 2.0 - 7.0Clay, brown, silty, sandy...................... 7.0 - 12.0Clay, yellowish brown, silty, sandy............ 12.0 - 17.0
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Description Depth, in feet

From jgp

Clay, reddish brown, silty, sandy.............. 17.0 - 27.0

Clay, reddish brown, silty, sandy; contains
27.0 - 31.5grave 1.......................................

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

Linie s to ne , yellowish gray, very finely crystalline;
contains crinoids............................ 31.5 - 32.2

Soluier Creek Formation:
36.0Shale, olive................................... 32.2 -

Shale, light to medium gray.................... 36.0 - 41.0
41.0 - 43.0Shale, light gray..............................

Burlingame Formation:
Soutn Fork Member:
Limestone, light greenish gray, very finoiy

crystalline to dense; contains crinoids.. 43.0 - 46.0.

Winnebago Member:
46.0 - 50.5Shale, light gray..............................

Taylor Branch Menier:
Li me s tone , light to medium gray, very finely

crystalline; contains brachiopods and
bryozoan..................................... 50.5 - 51.6

Shale, medium to dark gray..................... 51.6 - 53.4
Limestone, medium to dark gray, pebbly texture;

contains brachiopods and bryozoans........... 53.4 - 53.6
Shale, dark gray............................... 53.6 - 55.5
Limestone, light brownish gray, very finely

crystalline to dense......................... 55.5 - 56.6

Scranton Formation:
Silver Lake Member:
Shale, light gray to light greenish gray mottled
with olive................................... 56.6 - 60.0

Shale, light te medium gray.................... 60.0 - 74.7
Rulo Member:
Limestone, brownit h gray , very finely crystalline;

contains brachiopods......................... 74.7 - 75.1
Cedarvale-White Cloud Members:
Shale, light to medium gray.................... 75.1 - 77.0

Test IIole 22-78

Location: Richardson County, Center West Line NW SW NW sec. 3, T. 1

N., R. 13 E., approximately 1,724 feet south of north
section line and 49 feet east of west section line.

Ground-level elevation: 975.0 feet above mean sea level.

Started: May 5, 1978. Completed: May 5, 1978.
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Total depth: 152.0 feet.

Description Depth, in feet

From
T_oguaternary System: _

Soil (no sample)............................... 0 - 5.0Sand, brown, very fine, silty.................. 5.0 - 30.0Sand, very fine to very coarse and gravel, fine
to very coarse; interbedded
brown.......................w.ith silt,

................ 30.0 - 34.0

Pennsylvanian System - Virgil Series - Wabaunsee Group:Willard Formation:
Shale, medium gray............................. 34.0 - 35.0Emporia Formation:

Elmont Member:
Limestone, light gray, very finely crystalline

to dense; contains algal material............. 35.0 - 36.1Shale, greenish gray interbedded with gray..... 36.1 - 39.0Limestone, light gray, very finely crcontains pyrite....................ystalline;
39.0 - 39.5..........Harveyville Member:

Shale, medium gray nottled with olive.......... 39.5 -- 44.4Reading Member:

Limestone, medium to dark gray, very finely
crystalline; contains brachiopods........ 44.4 - 47.4Shale, nedium to dark gray.................

...

47.4 - 48.0Limestone, bluish gray, very finely crystalline;...

contains brachiopods, al andpyrite.................. gal material,
..................... 48.0 - 49.5Auburn Formation:

Shale, r7 d i um g r ay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49.5 - 52.3Shale, greenish gray........................... 52.3 53.0Shale, reddish brown.............
-

53.0 - 58.0Shale, olive................................................. 58.0 - 61.0Shale, light to medium
Shale, medium gray..... gray.................... 61.0 66.0-

........................ 66.0 - 77.5Wakarusa Formation:
Limestone, bluish gray, irregularly crystalline;

contains brachiopods, crinoids, and
fusulinids......

........... 77.5 - 80.5................
Soldier Creek Formation:
Shale, greenish gray............

80.5 - 85.0Shale, medium gray..............
..............
.............. 85.0 - 90.8Burlingame Formation:

South Fork Menber:
Limestone, cream, irregularly crystalline;

contains algal material...................... 90.8 - 94.0Winnebago Member:
Shale, olive mottled with gray................ 94.0 - 96.0Shale, medium to dark gray.................... 96.0 - 99.5
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Description Depth, in feet

From To
__

Taylor Branch Member:
Limestone, mediun, gray, very finely

99.5 - 100.8crystalline..................................
Shale, medium to dark gray..................... 100.8 - 102.7
Limestone, bluish gray, pebbly texture; con-

tains brachiopods and algal material......... 102.7 - 103.5
103.5 - 104.9Shale, medium gray.............................

Limestone, light tannish gray, very finely
crystalline; contains dark brown inclusions.. IJ4.9 - 106.2

106.2 - 107.7Shale, li,ht greenish gray....................
Limestone, light gray, fine to very finely

107.7 - 108.2crystalline..... ............................

Scranton Formation:
Silver Lake Member:
Shale, maroon to red interbedded with light

108.2 - 110.0greenish gray................................
Shale, olive................................... 110.0 - 112.0
Sha]e, medium gray............................. 112.0 - 122.0
Shale, light to medium gray.................... 122.0 - 126.3

Rulo Member:
Limestone, brownish gray, very finely crystal-

line; contains brachiopods and pyrite........ 126.3 - 126.5
Cedarvale Member:
Shale, light to medium gray.................... 126.5 - 134.0
Shale, light greenish gray..................... 134.0 - 135.0

If appy Ifollow Member:
Limestone, light greenish gray, very finely
crystalline, interbedded with shale, red and

135.0 - 141.5green........................................
White Cloud Member:
Shale, reddish brown mottled with gray, green

and olive.................................... 141.5 - 143.0
Shale, greenish gray mottled with olive........ 143.0 - 146.0
Shale, light to medium gray, interbedded with

146.0 - 152.0siltstone, gray..............................

Test IIole 23-78

Location: Richardson County, NW SW NW NU, sec. 4, T. 1 N., R. 13
E., approximately 750 feet south of north section line
and 10 feet east of west section line.

Ground-level elevation: 977.0 feet above mean sea level.

Started: May 9, 1978. Completed: May 9, 1978.

Total depth: 167.0 feet.
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Description Depth, in feet

From _Tosuaternary System:
Soil (no sample)............................... 0- 3. 0
Clay, grayish brown............................ 3.0 - 23.0
Clay, dark gray, sandy......................... 23.0 - 28.0
Sand, fine to very coarse and gravel, fine to

very coarse.................................. 28 - 42.0

Pennsylvanian System - Virgil Series - Wabaunsee Group:
Jeranton Formation.
Silver Lake Menter:
Shale, medium gray............................. 42.0 - 44.0Rulo Menber:
Limestone, brownish gray, very finely crystalline;
contains brachiopous and pyrite..... 44.0 - 44.1........

Cedarvale Member:
Shale, medium gray............................. 44.1 - 51.0
Snale, light greenish gray................ 51.0 - 52.0Shale, reddish brown...................... 52.0 - 55.0...

happy liollow Member:

Limestone, light greenish gray, very finely
crystalline, interbedded with shale, red and
green........................................ 55.0 - 56.2White Cloud Menter:

Shale, light greenish gray..................... 56.2 - 56.5
Shale, reddish brown mottled with olive........ 56.5 - 58.0Shale, reddish brown........................... 53.0 - 62.0Shale, light gray.............................. 62.0 - 75.0Limestone, dark gray, irregularly crystalline;
contains brachiopods, crinoids, and
fusulinids................................... 75.0 - 75.5

Shale, light gray, silty, sandy................ 75.5 - 103.5Claystone, dark brown.......................... 103.5 - 103.7
Shale, light gray, si1ty....................... 103.7 - 117.0
Shale, light gray, silty, sandy................ 117.0 - 127.0
Shale, light gray, silty, sandy, interbedded
with claystone, dark brown................... 127.0 - 132.0

Shale, light gray, silty....................... 132.0 - 146.2
noward Formation:

Lin.e s tone , bluish gray, irrecularly crystalline;
contains brachiopods, fusulinids, p andi.nclusions...................yrite,black

......... 146.2 - 153.3Severy Formation:
Shale, light gray.............................. 153.0 - 154.0Snale, medium to dark gray..................... 154.0 - 155.0Coal, black.................................... 155.0 - 156.5Shale, light to mediam gray.................... 156.5 - 158.2Sandstone, light gray, very fine grained, line
cemented; contains black carbonaceous
material..................................... 158.2 - 159.1

Shale, light gray, silty....................... 159.1 - 167.0
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Test Hole 24-78

Location: Richardson County, NW coraer NE sec. 28, T. 2 N., R.
13 E., approximately 17 reet south of north section
line and 2,630 feet west of east section line.

Ground-level elevation: 1,105.0 feet above mean sea level.

Started: May 9, 1978. Completed: May 9, 1978.

Total Depth: 125.0 feet.

Description Depth, in feet

From T _o_

Quaternary System:
Soil (no sample)............................... 0- 1.0
Clay, yellowish brown.......................... 1.0 - 8.5

Pennsylvanian System - Virgil Series - Wabaunsee Group:
Zeandale Fornation:
Maple Hill Member:
Limestone, yellowish brown, irregularly crystal-

line; highly weathered, contains brachiopods
and crinoids................................. 8.5 - 9.5

Wamego Member:
Shale, olive yellow............................ 9.5 - 16.0
Shale, medium gray............................. 16.0 - 24.5

Tarkio Member:
Limestone, white to cream, irregularly crystal-

'ine; contains fusulinids and Osagia......... 24.5 - 26.0
S'..a l e , light bluish gray....................... 26.0 - 26.2
Limestone, light gray, finely crystalline...... 26.2 - 27.0

Willard Formation:
Shale, reddish brown interbedded with olive and
greenish gray................................ 27.0 - 32.0

Shale, light gray.............................. 32.0 - 58.9
Emporia Formation:
Elmont Member:
Limestone, bluish giuy, irregularly crystal-

line; contains brachiopods, crinoids, and
fusulinids................................... 58.9 - 61.0

Shale, light gray.............................. 61.0 - 62.5
Shale, light greenish gray..................... 62.5 - 63.5
Limestone, light greenish gray, very finely
crystalline and light tannish gray,
irregular crystalline........................ 63.5 - 65.0

Harveyville Member:
Shale, light to medium gray.................... 65.0 - 68.8
Reading Member:
Limestone, gray, fine to very finely crystal-

line; contains brachiopods, crinoids, and
bryozoans.................................... 68.8 - ~ 2. 0
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Description Depth, in feet
E

From _T _o

Shale, medium gray............................. 72.0 - 73.0
Limestone, light to medium gray, finely to very

finely crystalline; contains brachio andcrinoids............................ pods 73.0 - 74.1.........
_ Auburn Formation:

Shale, light gray.............................. 74.1 - 78.0
Shale, light greenish oray..................... 78.0 - 79.0Shale, reddish gray............................ 79.0 - 82.0Shale, olive................................... 82.0 - 85.0
Shale, light to medium gray.................... 85.0 - 97.5Wakarusa Formation:
Limestone, light to medium bluish gray, finely

- to very finely crystalline; centains
brachiopods, crinoids, and fusulinids........ 97.5 - 100.4

Shale, dark gray to black...................... 100.4 - 100.5Limestone, light to medium bluish gray, very
finely crystalline; contains brachio andcrinoida............................ pods

100.5 - 101.0.........
Soldier Creek Formation:

Shale, light gray.............................. 101.0 - 108.5Burlingame Formation:
South Fork Member:

= Limestone, brownish gray, ver
-

line to dense..............y finely crystal-
.................. 108.5 - 109.5

-

Shale, reddish gray............................ 109.5 - 110.0
--

- Limestone, white to light gray, finely cr
-

line; contains algal material..........ystal-
110.0 - 112.5'

Winnebago Member: ......

E Shale, light to medium gray.................... 112.5 - 119.5i Taylor Branch Member:
T
- Limestone, medium gray, very finely crystal-

line; contains brachiopods and 119.5 - 120.5_--

Shale, medium gray............... pyrite........
120.5 - 122.5..............-

Limestone, bluish gray, pebbly texture; con-_

- tains algal material......................... 122.5 - 123.56 Shale, light to medium gray.................... 123.5 - 125.0

v

_
Test Hole 25-78

_

.

-

Location: Richardson County, NW NW SW SW sec. 26, T. 2 N., R. 13
E., approximately 1,056 feet north of south section-

i line and 20 feet east of west section line.
- Ground-level elevation: 973.0 feet above mean sea level.

Started: May ll, 1978. Completed: May ll, 1978.
=
-

Total depth: 122.0 feet.
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Description Depth, in feet

From _T _o
Quaternary System:

Soil ( n o s a mp l e ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0- 4.0

Clay, brown, sandy............................. 4.0 - 7.0

Sand, very fine to very coarse................. 7.0 - 12.0

Sand, very fine to very coarse and gravel, very
fine to medium............................... 12.0 - 17.0

Iennsylvanian System - Virgil Series - Wabaunsee Group:
Stotler Formation:
Dry Member:
Shale, reddish brown........................... 17.0 - 18.0
Shale, reddish brown mottled with olive........ 18.0 - 19.0
Shale, medium gray............................. 19.0 - 34.3

uover Member:
Lin.e s tone , medium to dark gray, irregularly crys-

talline; contains brachiopods and crinoids... 34.3 - 35.0

Fillsbury Formation:
Shale, olive gray.............................. 35.0 - 37.0
Shale, light greenish gray..................... 37.0 - 39.0
Shale, reddish brown................. 39.0 - 43.0........

Shale, reddish brown mottled with green, gray
and olive.................................... 43.0 - 45.0

Shale, medium gray............................. 45.0 - 54.5
Jeandale Formation:
Maple Hill Menier :
oimestone, mediuu gray, irregularly crystalline;
contains brachiopods, crinoids, and
fusulinids................................... 54.5 - 56.3

Wamego Member:
Coal, b1ack.................................... 56.3 - 56.4
Snale, light gray.............................. 56.4 - 62.0
Shale, light to medium gray.................... 62.0 - 65.5

'Jarkio Member:
Limestone, cream, iregularly crystalline;
contains fusulinids and Osagia............... 65.5 - 70.0

Willard Formation:
Sandstone, reddish brown interbedded with

greenish gray, very fine grained............. 70.0 - 72.0
Shale, light gray.............................. 72.0 - 76.0
Shale, light to medium gray, silty, interbedded
with sandstone, gray, very fine grained,
thin......................................... 76.0 - 92.0

Shale, light to medium gray, slightly silty.... 92.0 - 103.0
Emporia Formation:
Elmont Merier:
Limestone, light to medium bluish gray,

irregularly crystalline: contains brachiopods
and fusul1nids............................... 103.0 - 105.3

Shale, light gray.............................. 105.3 - 107.0
Limestone, light gray and light greenish gray,

very finely crystalline...................... 107.0 - 109.0
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Description Depth, in feet

From To
Harveyville Merber : --

Shale, medium gray............................. 109.0 - 113.6Reading Member:

Limestone, bluish gray, irregularly crystalline:
contains brachiopods and crinoids............ 113.6 - 116.8Shale, medium gray............................. 116.8 - 117.6Limestone, medium gray, irregularly crystalline;
contains brachiopods and crinoids............ 117.6 - 118.6Auburn Formation:

Shale, medium gray............................. 118.6 - 122.0

Test Hole 26-78

Location: Pawnee County, NE cornet SE sec. 14, T. 2 U., R. 12 L.,
approximately 1,330 feet south of north section line and
8 feet east of west section line.

Ground-level elevation: 991.0 feet above mean sea level.
Starteu: May ll, 1978. Completed: !!ay 11, 1978.

Total depth: 122.0 feet.

Description Depth, in feet

From ToCuaternary System: --

Soil (nosample)............................... 0- 5.0Clay, brown.................................... 5.0 - 15.0Clay, brown, sandy............................. 15.0 - 20.0Clay, greenish brown, very sandy............... 20.0 - 28.5

Nnnsylvaniac System - Virgil Series - Wabaunsee Group:
Scrantcn Formation:
White Cloud Member:
Shale, dark olive gray......................... 28.5 - 33.0Shale, light to medium gray.................... 33.0 - 40.3

howard Formation:
Limestone, bluish gray, irregularly crystalline;

contains brachiopods, crinoids, fusulinids... 40.3 - 42.7Severy Formation:
Coal, black.................................... 42.7 - 43.1Shale, light gray.............................. 43.1 - 43.5Shale, light gray; contains black carbonaceous
material..................................... 43.5 - 45.0Shale, light gray, interbedded with sandstone,
gray, very fine grained...................... 45.0 - 48.0Shale, light gray to light greenish gray;
contains black carbonaceous material......... 43.0 - 62.0
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Description Depth, in feet

From _T _o

bhale, light gray.............................. 62.0 - 74.3
Shawnet Group:
Topeka Formation:
Coal Creek Member:
uimestone, light to medium bluish gray, irregu-

larly crystalline; contains fusulinids....... 74.3 - 76.1
Shale, light gray, sandy....................... 76.1 - 77.5
Limestone, bluish gray, very finely crystalline;
contains brachiopods and crinoids............ 77.5 - 78.5

Shale, dark gray to black...................... 78.5 - 76.7
uimestone, bluish gray, very finely crystalline;
contains brachiopods and crinoids............ 78.7 - 79.4

liolt Member:
Shale, black........................ 79.4 - 82.0..........

DuBois Member:
Limestone, bluish gray, irregularly crystalline;
contains brachiopods and crinoids............ 82.0 - 82.8

Shale, medium gray............................. 82.8 - 83.0
Limestone, light gray, very finely
crystalline.................................. 83.0 - 83.7

Shale, medium gray............................. bl.7 - 84.3
Limestone, light tannish gray, very finely
crystalline to dense......................... 84.3 - 84.9

Turner Creek Member:
Shale, light greenish gray, limy............... 84.9 - 87.5

Sheldon-Iowa Point Members:
Limestone, light gray and light bluish gray,

irregularly to very finely crystalline,
interbedded with shale, gray; contains
brachiopods and algal material............... 87.5 - 95.4

Limestone, bluish gray, finely crystalline;
contains brachiopods and fusulinids........ . 95.4 - 96.5

Shale, medium gray............................. 90.5 - 97.2
Li.ne s tone , medium gray, very finely crystalline;
contains brachiopods......................... 97.2 - 97.5

Shale, light gray.............................. 97.5 - 99.1
liartford Member :
Limestone, bluish gray, irregularly crystal-

line; contains brachiopous and pyrite........ 99.1 - 99.6
Shale, light gray; contains black carbonaceous
material..................................... '9.6 - 99.9

Limestone, light tannish gray, irregularly
crystalline; contains brachiopods............ 99.9 - 100.7

Calhoun Formation:
Shale, dark gray............................... 100.7 - 101.0
Shale, light greenish gray..................... 101.0 - 102.2
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Description Depth, in feet

From To
Deer Creek Formation:
Ervine Creek Member:
Limestone, light gray to 11gnt tannish c r'i ,
irregularly crystalline; contains Osagia,
algal material, and black inclusions......... 102.2 - 110.0Limestone, light tannish gray, finely to very
finely crystalline; contains crinoids and
fusulinids................................... 110.0 119.0

Shale, dark gray; contains black
carbonaceous material........................ 119.0 - 119.6Limestone, light to medium gray, finely crystal-
line; contains brachiopods................... 119.6 - 120.0Larsh Member:

Shale, light gray; contains black carbonaceous
material..................................... 120.0 - 121.0

Shale, black................................... 121.0 - 122.0

Test liole 27-78

Location: Richardson County, NW corner sec. 19, T. 2 N., R. 13 E.,
approximately 35 feet south of north section line and
12 feet east of west section line.

Ground-level elevation: 1,047.0 feet above mean sea level.

Started: May 14, 1^'8. Completed: May 14, 1978.

Total depth: 177.5 feet.

Description Depth, in feet

From _T _ovuaternary System:
Soil (no sample)............................... 0 - 4.0Clay, brown, sandy............................. 4.0 - 11.0

Pe .sylvanian System - Virgil Series - Wabaunsee Group:
Scranton Formation:
Silver Lake-Cedarvale Members:
Shale, yellowiah olive............ 11.0 - 17.0............
Shale, medium gray mottled with ol.ive.......... 17.0 - 19.0Shale, light gray.............. 19.0 - 21.0...............
Shale, light greenish gray..................... 21.0 - 23.0Shale, reddish brown........................... 23.0 - 26.4Happy Hollow Member:

Limestone, light greenish gray, very finely
crystalline, stained red and green........... 26.4 - 27.6
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Description Depth, in feet

From _T _o
Scranton-Severy Formations:

Shale, reddish brcwn........................... 27.6 - 28.0
Shale, yellowish 01ive......................... 28.0 - 30.0
Shale, red mottled with olive.................. 30.0 - 31.0
Shale, light gray.............................. 31.0 - 34.0
Shale, uudium gray............................. 34.0 - 39.5
Limestone, dark bluish gray, irregularly crys-

tal]ine; contains brachiopods, crinoids, and
fusulinids................................... 39.5 - 41.4 -

Shale, light gray.............................. 41.4 - 53.0
Shale, light gray interbedded with sandstone,

gray, very fine grained...................... 53.0 - 57.2
Sandstone, light gray, very fine to fine
grained, limy, interbedded with shale, light
gray, silty.................................. 57.2 - 59.2

Shale, light gray, silty....................... 59.2 - 77.0
Shale, light gray, silty, sandy................ 77.0 - 92.0
Shale, light to medium gray, silty, sandy...... 92.0 - 104.5
Shale, light gray, limy; contains black
carbonaceous material........................ 104.5 - 106.5

Shale, light greenish gray, silty...... 106.5 - 132.0.......

bhale, light to medium gray intertedded with
sandstone, gray, very fine, grained.......... 132.0 - 152.0

Shawnee Group:
Topeka Formation:
Coal Creek Member:
Limestone, medium to dark gray, irregularly
crystalline; contains brachiopods and
fusulinids................................... 152.0 - 156.0

Holt Member:
Shile, black............................... 156.0 - 158.8..

DuDais Member:
Limestone, bluish gray, fine to very finely
crystalline; contains brachiopods and
crinoids..................................... 158.8 - 161.2

Turner Creek Member:
Shale, light greenish gray..................... 161.2 - 164.6

Sheldon-Curzon Members:
Limestone, cream, irregularly crystalline and
medium gray, finely crystalline, interbedded
with sbale, greenish gray; contains
brachiopods and algal material............... 164.6 - 171.0

Limestone, light to medium gray, irregularly
crystalline interbedded with shale, gray;
contains brachiopods, crinoids, and
fusulinids................................... 171.0 - 177.5

m<r
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Test ' sole 28-78

Location: itichardson County, NW corner sec. 21, T. 2 U., 11 . 13 L.,
approximately 65 feet south of north section line and 15
feet east of west section line.

Ground-level elevation: 1,133.0 feet above mean sea level.

Started: May 15, 1978. Ccmpleted: May 15, 1978.

Total depth: 212.0 feet.

Description Depth, in feet

From To
Vuaternary System: __

Soil ( n o s a mp l e ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0- 2.0
Clay, yellowish brown, silty, sandy............ 2.0 - 12.0
Sand, fine to very coarse and gravel, fine to

coarse; contains reworked limestone.......... 12.0 - 19.5
Clay, brownish gray............................ 19.5 - 32.0
Clay, medium gray, silty....................... 32.0 - 47.0
Silt, medium gray, clayey...................... 47.0 - 62.0
Silt, rc.edium to dark gray, clayey, limy........ 62.0 - 67.0
3and, medium to very coarse and gravel, fine to

very coarse; contains reworked limestone..... 67.0 - 79.0

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

Shale, olive................................... 79.0 - 81.0
Shale, medium to dark gray mottled with olive.. 81.0 - 86.0
Shale, medium to dark gray..................... 86.0 - 95.3

Wakarusa Formation:
Limestone, gray, very f'.nely crystalline; con-

tains brachiopods, crinoids, and fusulinids.. 95.3 - 98.4
Soldier Creek Formation:
Shale, medium gray............................. 98.4 - 106.0
Shale, medium gray interbedded with brown...... 106.0 - 108.0

Burlingame Formation:
South Fork Member:
Limestone, cream, irregularly crystalline;

contains algal material...................... 108.0 - 110.0
Winnebago Member:
Shale, light greenish gray..................... 110.0 - 112.0
Shale, medium to dark gray..................... 112.0 - 115.0

Taylor branch Member:
Limestone, gray, very finely crystalline....... 115.0 - 115.5
Shale, medium gray............................. 115.5 - 116.5

. Limestone, gray, very finely crystalline;

.

contains brachiopods......................... 116.5 - 117.5
Shale, medium to dark gray..................... 117.5 - 120.7
Limestone, bluish gray, irregularly crystalline;
contains brachiopods and algal material...... 120.7 - 121.5
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Description Depth, in feet

From T__o

Shale, medium to dark gray, sandy.............. 121.5 - 122.,

Limestone, light greenish gray, very finely
crystalline.................................. 122.8 - 123.5

Shale, medium to dark gray..................... 123.5 - 125.5
Limestone, light brownish gray, very finely
crystalline; contains red staining........... 125.5 - 127.0

Scranton Formation:
Silver Lake-Cedarvale Members:
Shale, light to medium gray.................... 127.0 - 132.0
Shale, medium to dark gray, silty.............. 132.0 - 142.0
Shale, light gray.............................. 142.0 - 149.0
Shale, light greenish gray..................... 149.0 - 151.0
Shale, reddish brown........................... 151.0 - 157.6
happy Hollow Member:
Limestone, light greenish gray, very finely
crystalline, stained red and yellow,
interbedded with shale reddish yellow and
green........................................ 157.6 - 161.0

White Cloud Member:
Shale, medium gray............................. 161.0 - 169.5
Limestone, bluish gray, irregularly crystal-

line; contains brachiopods, crinoids, and
fusulinids................................... l';9.5 - 170.6

Shale, light to medium gray.................... 170.6 - 181.0
Shale, medium gray, silty, interbedded with

sandstone, gray, very fine grained, thin..... 181.0 - 191.0
Shale, light to medium gray, silty, sandy...... 191.0 - 212.0

Test Hole 29-78

Location: Richardson County, NE corner NW sec. 21, T. 2 N., R. 13
E., approximately 25 feet south of north section line
and 2,639 feet east of west section line.

Ground-level elevation: 1,125.0 feet above mean sea level.

Started: May 15, 1978 Completed: May 16, 1978.

Total depth: 302.0 feet.

Description Depth, in feet

From To
Quaternary System:

--

Soil (no sample)............................... 0 - 4.0
Sand, brown, very fine to medium grained,

silty........................................ 4.0 - 9.0
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D ription Depth, in feet

From T_o

Sand, fine to very coarse, and gravel, fine to
medium.... 9.0 - 26.0..................................

Silt, brownish olive, sandy.................... 26.0 - 34.0
Silt, light gray, sandy........................ 34.0 - 74.0
Silt, light bluish gray........................ 74.0 - 84.0
Silt, light bluish gray interbedded with

brownish gray................................ 84.0 - 90.0

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

Shale, light co medium oray.................... 90.0 - 99.2
Emporia Formation:

Limestone, bluish gray, irregularly crystalline;
contains brachiopods, crinoids, and
fusulinids................................... 99.2 - 101.6

Shale, light gray.............................. 101.6 - 103.0
Limestone, light gray to cream, irregularly
crystalline; contains algal material......... 103.0 - 105.5

Harveyville Member:
Shale, light to medium gray.................... 105.5 - 109.2
Reading Member:
Limestone, medium gray, finely to very finely

crystalline; contains brachiopods and
crinoids........................... 109.2 - 112.5.........

Shale, medium gray............................. 112.5 - 113.0
Limestone, light to medium gray, finely to very

finely crystalline; contains brachiopods and
crinoids..................................... 113.0 - 114.6

Willard Formation:
Shale, medium gray............................. 114.6 - 117.4
Shale, light greenish gray..................... 117.4 - 117.6
Shale, reddish brown........................... 117.6 - 122.0
Shale, olive mottled with red.................. 122.0 - 125.0
Shale, medium to dark gray..................... 125.0 - 138.5

Wakarusa Formation:
Limestone, bluish gray, finely to very finely
crystalline; contains brachiopods, crinoids,
and fusulinids............................... 138.5 - 142.0

Soldier Creek Formation:
Snale, medium gray............................. 142.0 - 147.0
Shale, light to medium gray.................... 147.0 - 150.0
Limestone, brownish gray, very finely

crystalline to dense......................... 150.0 - 151.0
Shale, reddish brown mottled with olive........ 15].0 - 152.0

Burlingame Formation:
South Fork Member:
Limestone, white to light gray, finely to very

finely crystalline; contains algal material.. .'52.0 - 154.0
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Description Depth, in feet

From To
Winnebago Member:

~~

Shale, light greenish gray..................... 154.0 - 158.0
Shale, medium gray................ 158.0 - 160.5............

Taylor Branch Member:
Limestone, medium gray, very finely crystalline;
contains brachiopods and pyrite.............. 160.5 - 162.2

Shale, medium to dark gray..................... 162.2 - 164.8
Limestone, light gray, very finely crystalline;
contains algal material...................... 164.8 - 167.4

Ehale, medium gray............................. 167.4 - 169.5
Limestone, light tannish gray, very finely
crystallite to dense......................... 169.5 - 170.5

Scranton Formation:
Silver Lake-Cedarvale Members:
Shale, medium gray............................. 170.5 - 189.1
Shale, medium gray interbedded with siltstone,
brown........................................ 189.1 - 195.0

Shale, light greenish gray..................... 195.0 - 197.0
Shale, reddish brown........................... 197.0 - 202.2

Happy hollow Member:
Limestone, light greenish gray, very finely
crystalline to dense, stained red, interbedded
with shale, reddish gray..................... 202.2 - 203.0

White Cloud Member:
Shale, light olive gray........................ 203.0 - 206.0
Shale, light to medium gray.................... 206.0 - 214.2
Limestone, bluish gray, pebbly texture
contains brachiopods, crinoids, fusulinids,
and pyrite..... 214.2 - 215.0.............................

Shale, light to medium gray.................... 215.0 - 229.5
Shale, light gray, limy........................ 229.5 - 231.0
Shale, light gray, si1ty....................... 231.0 - 262.0
Shale, light to medium gray, silty............. 262.0 - 283.2

Howard Formation:
Limestone, dark bluish gray, irregular
crystalline; contains brachiopods, crinoids,
fusulinids, and pyrite....................... 283.2 - 285.6

Severy Formation:
Coal, b1ack.................................... 285.6 - 286.2
Shale, light to medium gray, Silty............. 286.2 - 292.0
Shale, light gray, silty interbedded with
sandstone, gray, very fine grained, thin..... 292.0 - 302.0

Test Hole 30-78

Location: Pawnee County, NE corner SE sec. 26, T. 2 N., R. 12 E.,
approximatel_ 2,655 feet south of north section line and
5 feet west of east section line.
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Ground-level elevation: 1,178.0 feet above mean sea 1- el.

Started: May 16, 1978. Completed: May 16, 1973.

Total depth: 122.0 feet.

Description Depth, in feet

From T _oyuaternary System: _

Soil (no sample)............................... 0- 2.0
Clay, yellowish brown, silty, sandy............ 2.0 - 7.0
Clay, reddish brown, silty, sandy.............. 7.0 - 12.0
Clay, light brown, silty, sandy................ 12.0 - 13.0
Sand, fine to very coarse and gravel very fine

to medium.................................... 18.0 - 25.0
Clay, olive brown, silty, candy................ 25.0 - 32.0

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

Shale, reddish brown mottled with olive........ 32.0 - 37.0
Shale, olive yellow............................ 37.0 - 39.5
Shale, medium gray............................. 39.5 - 47.0
Shale, medium to dark gray mottled with gray... 47.0 - 51.5

Wakarusa Formation:
Limestone, bluish gray, irregularly crystal-

line; contains brachiopods, crinoids,
fusulinids,and pyrite........................ 51.5 - 54.5

Soldier Creek Formation:
Shale, light to medium gray.................... 54.5 - 61.0
Shale, reddish brown............-.............. 61.0 - 63.0

Burlingame Formation:
South Fork Member:
Limestone, white to cream, finely to very

finely crystalline; contains algal material.. 63.0 - 65.0
Winnebago Member:
Shale, maroon interbedded with limestone, pale

red, dense, thin............................. 65.0 - 67.0
Shale, medium gray............................. 67.0 - 73.1

Taylor Branch Member:
Limestone, medium gray, very finely crystal-

line; contains brachiopods................... 73.1 - 74.2
Shale, medium gray............................. 74.2 - 76.0
Limestone, bluish gray, irregularly crystal-

line; pebbly, contains brachiopods,
crinoids, and algal material................. 76.0 - 77.9

Shale, medium gray............................. 77.9 - 82.5
bhale, light gray, limy, interbedded with line-

stone, gray, dense, thin..................... 82.5 - 83.5
Scranton Formation:
Silver Lake-Cedarvale Members:
Shale, light gray.............................. 83.5 - 86.0
Shale, medium gray............................. 86.0 - 99.2

q p -.] ---
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Description Depth, in feet

From To

Shale, medium gray, interbedded with siltstone,
brown........................................ 99.2 - 100.5

Shale, light gray, limy........................ 100.5 - 103.0
Shale, light greenish gray... ................. 103.0 - 104.0
Shale, reddish brown........................... 104.0 - 107.0

Happy liollow Member :
Limestone, light tannish gray, very finely

cry-talline to dense............. 107.0 - 107.2...........

White Cloud Member:
Shale, reddish brown........................... 107.2 - 108.0
Shale, light greenish gray..................... 108.0 - 109.0
Shale, olive interbedded with red.............. 109.0 - 110.0
Shale, olive gray.............................. 110.0 - 115.0
Shale, medium to light gray.................... 115.0 - 119.8
Limestone, dark bluish gray, irregularly
crystalline; contains brachiopods, crinoids,
fusulinids, and algal material............... 319.8 - 121.0

Sha.a medium gray, interbeddec' with siltstone,
gray......................................... 121.0 - 122.0

Test Hole 31-78

Location: Richardson County, SE corner SW sec. 15, T. 2 N., R. 13
E., approximately 60 feet north of south section line
and 2,630 feet east of west section line.

Ground-level elevation: 1,120.0 feet above mean sea level.

Started: May 17, 1978. Completed: May 17, 1978.

Total depth: 32.0 feet.

Description Depth, in feet

From T_o_
Uuaternary System:

Soil (no sample)............................... 0 - 1.0
Clay, light brown, silty....................... 1.0 - 3.0
Clay, dark brown, silty........................ 3.0 - 9.5
Silt, light brown, sandy....................... 9.5 - 12.5

Permian System - Big Blue Series - Council Grove Group:
Beattie Formation: s

Cottonwood Member:
Limestone, pale yellow, finely to very finely

crystalline; contains fusulinids............. 12.5 - 17.0

50'4 22i"'~
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Description Deoth, in feet

From To
Eskridge Formation: ~~

Shate, light olive............................. 17.0 - 22.0
Shale, reddish brown........................... 22.0 - 26.2
Si . ale , light olive............................. 26.2 - 29.5
Limestone, light tannish gray, very finely

crystalline to dense......................... 29.5 - 30.4
Shale, olive..... 30.4 - 32.0.. ..........................

Test Hole 32-78

Location: Richardson County, UL corner sec. 21, T. 2 N., R. 13 L.,
approximately 91 feet south of north section line and 49
feet west of east section line.

Ground-level elevation: 1,115.0 feet above mean sea level.

Started: May 18, 1978. Completed: May 18, 1978.

Total depth: 100.0 feet.

Description Depth, in feet
.

From To
Quaternary System:

Soil (no sample)............................... 0 - 2.0
Clay, reddish brown, silty 2.0 - 6.5....................
Clay, light brown, rilty....................... 6.5 - 14.0
Clay, brownish gray.................... 14.0 - 22.8.......

Permian System - Big Blue Series - Admire Group:
Five Point Formation:
Limestone, cream, irregularly crystalline;

contains algal 1aterial...................... 22.8 - 23.4
West Branch Formation:

Shale, light olive............................. 23.4 - 26.7
Shale, dark greenish gray, interbedded with

siltstone, dark brown........................ 26.7 - 28.0
Shale, light olive gray........................ 28.0 - 31.0
Shale, yellow.................................. 31.0 , 32.0
Shale, light olive gray to greenish gray....... 32.0 36.0
Shale, meuium to dark gray..................... 36.0 - 45.0
Shale, olive mottled with yellow............... 45.0 - 45.3

Falls City Formation:
Lehmer Member:
Limestone, yellow, very finely crystalline;
pseudo-oolitic............................... 45.3 - 46.2

Reserve Member:
Shale, medium 9ray............................. 46.2 - 51.0
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Description Depth, in feet

From 'I o
_

Miles Member:
Limestone, bluish gray, pebbly texture; con-

tains black inclurions.......... 51.0 - 51.4.. .........

Cnaga Formation:
llauxby-Towle Membe r s :
Shale, light greenish gray..................... 51.4 - 55.4

bhale, greenish gray interbedded with reddish
55.4 - 63.5gray.........................................

Shale, reddish brown........................... 63.5 - 68.5

Shale, greenish gray........................... 63.5 - 69.0

Shale, olive mottled with gray................. 69.0 - 70.0

Pennsylvanian System - Virgil Series - Wabaunsee Group:
Wood Siding Formation:
Brownville Member:
Limestone, light gray, very finely crystalline;
contains brachiopods and glauconite.......... 70.0 - 72.1

Pony Creek-Plumb Menbers:
Shale, medium to light gray.................... 72.1 - 75.0
Shale, reddish brown mottled with olive........ 75.0 - 75.4
Shale, olive mottled with gra ................. 75.4 - 76.0
Shale, medium gray............................. 76.0 - 76.5
Shale, reddish brown interbedded with gray..... 76.5 - 67.0

Shale, light greenish gray mottled with olive.. 87.0 - 88.0
Shale, medium gray............................. 88.0 - 90.5

Nebraska City Merber :
Limestone, medium gray, very finely crystalline;
contains brachiopods and crinoids........ ... 90.5 - 92.5

Root Formation:
French Creek Member:
Coal, black.................. 92.5 - 93.0...............

Shale, light greenish gray..................... 93.0 - 98.0
Coal, black.................................... 98.0 - 98.'

93.1 - 100.0Shale, medium to light gray........ ...........

Test IIole 33-78

Location: Richardson County, NE IiW hE NE sec. lC, T. 2 N., R. 13
F., approximately 15 feet south of north section line
and 600 feet west of east section line.

Ground-level elevation: 1,004.0 feet above mean sea level.

Started: May 18, 1978. Completed: May 18, 1978.

Total depth: 107 0 feet.
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Description Depth, in feet

From T _oUuaternury System: _

Soil (no sample)............................... 0- 5.0
Clay, reddish brown, silty..................... 5.0 - 15.0'

Clay, reddish crown, silty, sandy.............. 15.0 - 20.0

rennsylvanian System - Virgil Series - Wabaunsee Group:
Root Formation:
French Creek Menber:
Shale, medium to dark gray..................... 20.0 - 25.5Jim Creek Member:
Limestone, bluish gray, irregularly crystalline;

contains brachiopods and crinoids............ 25.5 - 26.2
Friedrich Member:
Shale, light gray.............................. 26.2 - 38.0Shale, light gray rao t tled wi th red . . . . . . . . . . . . . 38.0 - 40.0
Shale, light gray.............................. 40.0 - 46.0Shale, reddish gray............................ 46.0 - 46.5Limestone, light gray stained pale red, very

finely crystallind......... 46.5 - 46.7.................
Shale, maroon interbedded with gray............ 46.7 - 47.2
Shale, light greenish gray................... 47.2 - 48.7.

Shale, reddish brown........................... 48.7 - 49.5,

Stotler Formation:
Grandhaven Menter:
Limestone, reddish brown, dense, interbedded
with shale, reddish brown.................... 49.5 - 51.0

Dry Mer.ier :
Shale, reddish brown........................ 51.0 - 56.0Shale, olive................................

..

56.0 - 57.0..

Shale, light gray.............................. 62.0Shale, light to medium gray.................... - 67.5.

Dover Member:
Limestone, bluish gray, regularly crystalline;

contains brachicpods < crinoids............ 67.5 - 68.4Pillsbury Formation:
Shale, light gray.............................. 68.4 - 70.0Shale, light greenish gray..................... 70.0 - 70.5Shale, reddish brown................ 70.5 - 75,5..........
Shale, olive................................... 75.5 - 76.5Shale, light to medium gray............. 76.5 - 85.1......

/eandale I'ormation:
Maple Ifill Member :

Limestone, medium gray, v 'nely crystalline;
contains brachiopods anu . olds............ 85.1 - 85.4Shale, dark gray............ .................. 85.4 - 86.5Limestone, bluish gray to medium gray, fine to
very finely crystalline; contains brachiopods,
crinoids, and fusulinids..................... 86.5 - 88.1Wamego Member:

Shale, light gray.............................. 88.1 - 100.0

-) 3 %r e\ .p Lu%rnt.) u 4
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Description Depth, in feet

From T _o_

. JI K io Mend'er :

1restone, crear, ir egularly crystalline;1.

' n a i r.s fusulinids and Osagia............... 100.0 - 104.5
,1 Lum E c rrua tion :

ana u light gray.............................. 104.5 - 107.0

Test llole 34-78

m ot_on. Richardson County, NE NW NW SW sec. 2, T. 2 N., R. 13 E.,
approximately 2,660 feet south of north section line and
650 feet east of west section line.

.- l cce l elevation: 1,013.0 feet above mean sea level.

May 19, 1978. Completed: May 19, 1978.at r-

. .t th. 92.0 feet.r

Description Depth, in feet

From T _o_

. tm ary System:
. _ 2. (no sample)............................. 0 - 2.0.

. .l ar System - Big Blue Series '- Admire Group:
ta is City Formation:
me: ner Menier:
. .c.e s tone , dark yellow, pebbly texture,

orous....................................... 2.0 - 3.0
w erve Menter.
-..ae, light olive............................. 3.0 - 7.7
.1 e s cerrim r :

.. .e s t o r.e , light tannish gray, irregularly
cry s ta l . . .e ; contains brachiopods and

7.7 - 8.3cryczoans. .................................

.asj a o rma t ic:e'

n. sty-;owle 'ce mbers :
5.aie, yellowish olive......................... 8.3 - 10.7
Jnale, olive................................... 10.7 - 14.0
shale, greenish gray mottled with red.......... 14.0 - 16.0
0: ale , greenish gray and light gray mottled

with olive................................... 16.0 - 18.5
. ale, reddish brown mottled with olive........ 18.5 - 20.0

Snale, reddish brown........................... 20.0 - 26.0
bhaie, olive gray.............................. 26.0 - 26.8

-p 9OCbOi 'Ls
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Description Depth, in feet [:

_ t
-

&
.J From To b
,

!

_

-

' -

Pennsylvanian System - Virgil Series - Wabaunsee Group: [
Wood Siding Formation: ?'

; Brownville Member:
1

Limestone, pale yellow, very finely crystalline,
| contains brachiopods and manganese staining.. 26.3 - 29.0

,

Pony Creek-Plumb Members:
-

: ,

,
j Shale, olive mottled with gray................. 29.0 - 32.0'

g Shale, medium gray........ 32.0 - 34.0 -.......... ........,

} Shale, reddish brown interbedded with creenish|
'

i gray......................................... 34.0 - 42.0
1 Shale, olive................ 42.0 - 43.0_ ... ... ..........
j Shale, light gray.......... 43.0 - 45.0 -. . . . ..............'

Shale, medium gray........ 45.0 - 48.0 t. ...............q Nebraska City Member: -

Limestone, medium to dn~ % finely crystal- i
-

line, impure; co r.t. T i rt s t -hacpods........... 48.0 - 51.0
i Root Formation:

_

-j French Creek Member: I; Coal, black.............. 51.0 - 51.5..... ................
1 Shale, light gray.............................. 51.5 - 53.2-j Coal, black............................ 53.2 - 53.5.......

i Shale, light gray.............................. 53.5 - 64.0
i Shale, light to medium gray.................... 64.0 - 67.2

.

--

-

Jim Creek Member:
J Limestone, medium gray, very finely crystalline,

-

-

J_ impure; contains brachiopods................. 67.2 - 68.0f m

- Friedrich Member:
-

- Shale, light gray.............................. 68.0 - 78.0
-

-

Shale, light greenish gray..................... 78.0 - 79.0
-

-

- Shale, reddish brown........................... 79.0 - 81.0 -~

Shale, light gray.............................. 81.0 - 83.5j Stotler Formation: '

Grandhaven Member:=

1 Limestone, light gray, very finelcrystalline....................y ;
83.5 - 83.8

-

..............
5 Shale, light gray.............................. 83.8 - 86.5

_

-
Limestone, light gray, very finely crystalline;_:

contains red and green staining.............. 86.5 - 86.8" Dry Member: '

i Shale, light gray mottled with red............. 86.8 - 87.5 --

Shale, light gray.............................. 87.5 - 92.0 -
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Test Hole 35-78

Location: Richardson County, SE corner NW sec. 2, T. 2 N., R. 13
E., approximately 2,595 feet south of north section line
and 2,545 feet east of vest section line.

Ground-level elevation: 990.0 feet above mean sea level.

Started: May 19, 1978. Completed: May 19, 1978.

Total depth: 167.0 feet.

Description Depth, in feet

Frou T _o_

Quaternary System:
Soil (no sample)............................... 0- 5.0
Silt, dark brown, clayey, sandy................ 5.0 - 22.0
Silt, light brown, clayey, sandy............... 22.0 - 40.0
Clay, light gray............................... 40.0 - 45.0
Sand, fine to very coarse, and gravel, very

fine to medium, interbedded .ith silt, dark
gray......................................... 45.0 - 55.0

Permian System - Big Blue Series - Admire Group:
Hamlin Formation:
Stine Member:
Shale, olive mottled with gray................. 55.0 - 60.0
Shale, light reddish brown mottled with olive.. 60.0 - 61.0
Shale, light gray.............................. 61.0 - 63.0

Five Point Formation:
Limestone, white to light gray, irregularly
crystalline; contains brachiopods and algal
material..................................... 63.0 - 63.5

West Branch Formation:
Shale, light greenish gray..................... 63.5 - 64.0
Shale, light gray.............................. 64.0 - 67.0
Shale, light greenish gray, limy............... 67.0 - 70.0
Shale, light greenish gray interbedded with
pale reddish brown........................... 70.0 - 72.0

Shale, light greenish gray, limy............... 72.0 - 76.0
Shale, medium gray, limy....................... 76.0 - 79.0
Shale, light to medium gray.................... 79.0 - 86.0

Falls City Formation:
Lehner Member:
Limestone, light gray, finely to very finely
crystalline, pseudo-colitic in part.......... 86.0 - 88.2

Shale, light gray.............................. 88.2 - 88.4
Limestone, light gray, very finely

crystalline.................................. 88.4 - 89.1
Reserve Member:
Shale, medium gray............................. 89.1 - 92.5
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Description Depth, in feet [

From ToMiles Member: -~

'

Shale, light greenish contains hard Elimy zones.......... gray;
......................... 92.5 - 93.5Onaga Formation: "

If auxby-Towle Members : [Shale, light greenish gray..................... 93.5 - 98.0
Shale, light gray interbedded with red and

green........................................ 98.0 - 103.0 -

Shale, light gray to light 103.0 - 106.0Shale, brown............... greenish gray.......
.................... 106.0 - 112.0Shale, olive mottled with gray................. 112.0 - 113.5

t

Pennsylvanian System - Virgil Series - Wabaunsce Group:
Wood Siding Formation:
Brownville Member: F

FLimestone, pale yellowish gray, finely to very
finely crystalline; contains b andbryozoans.....................rachiopods

113.5 - 116.0...............
Shale, olive mottled with gray................. 116.0 - 119.2 "

Limestone, yellow, finely crystalline, sand
contains bryozoans.......................y; l

118.2 - 118.8. . . .

Pony Creek-Plumb Members:
Shale, light gray.............................. 118.8 - 121.0Shale, light greenish gray..................... 121.0 - 122.0 -Shale, reddish brown interbedded with ,

gray................................
greenish

122.0 - 130.0 -.

Shale, olive...........................
.......

-

130.0 - 131.0
_

.......
Shale, light gray.............................. 131.0 - 132.0 -Shale, light to medium gray.................... 132.0 - 136.4Nebraska City Member:
Limestone, medium to dark gray, very finely _

Ecrystalline, impure; contai.is brachiopcds, -

crinoids, and bryozoans...................... 136.4 - 137.3Root Formation. .-

French Creek Member: m

LCoal, black.................................... 137.3 - 137.5 -

Shale, light gray........................... 137.5 - 140.0 F=

-

Coal, black.................................... 140.0 - 140.2
-

. . .

Shale, light gray.............................. 140.2 - 143.0 tSandstone, light gray, very fine grained, line -

cemented, very finely micaceous.............. 143.0 - 144.0 -

Shale, medium gray, silty............... 144.0 - 152.0 '_Shale, medium gray......................
......

_

152.0 - 156.3 --

......Jim Creek Member:
Limestone medium gray, very finely crystalline;

-

m

contains brachiopods and crinoids............ 156.3 - 158.0 uFriedrich Member:
fShale, light greenish gray..................... 158.0 - 163.0Shale, light gray.............................. 163.0 - 167.0
c

q O -

_
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Test Hole 36-76

Location: Richardson County, SE corner SW sec. 35, T. 3 N., R. 13
E., approximately 85 feet north of south section line
and 2,515 feet east of west section line.

Ground-level elevation: 1,071.0 feet above mean sea level.

Started: May 24, 1978. Coupleted: May 24, 1978.

Total depth: 92.0 feet.

Description Depth, in feet

From _T _o
vuaternary System:

Clay, yellowish brown, silty, sandy............ 0- 2.5

l'ermian System - Big Blue Series - Admire Group:
Hamlin Formation:
Stine member:
Limestone, dark brown, irregularly crystalline. 2.5 - 10

Shale, light gray.............................. 3.0 - d.0
Limestone, light tannish gray, very finely
crystalline.................................. 4.0 - 4.3

Shale, light greenish gray..................... 4.3 - 5.0
3 hale, light gray.............................. 5.0 - 6.0
Lin,e s tone , light gray, very finely crystalline;
contains fossil fragments.................... 6.0 - 6.2

Shale, olive mottled with gray and brown....... 6.2 - 9.5
Limestone, pale yellow, irregularly crystal-

line; contains algal material................ 9.5 - 9.6
Shale, gray mottled with red, brown, and
olive........................................ 9.6 - 13.2

Five Point Formation:
Limestone, cream, irregularly crystalline;
contains brachiopods and algal material...... 13.2 - 14.1

West Branch Formation:
Shale, olive gray.........................,.... 14.1 - 15.5
Shale, medium gray............................. 15.5 - 18.0
Shale, greenish gray........................... 18.0 - 21.0
Shale, pale reddish brown...................... 21.0 - 21.5
Shale, iight greenish gray, limy............... 21.5 - 25.4
Shale, dark gray............................... 25.4 - 27.2
Shale, light gray, 1imy........................ 27.2 - 30.0
Shale, dark gray............................... 30.0 - 31.0
Shale, medium gray............................. 31.0 - 34.7

Falls City Formation:
Lehmer Member:
Limestone, light and medium gray, irregularly to
very finely crystalline; contains pelecypods. 34.7 - 37.5

Reserve Member:
Shale, dark gray............................... 37.5 - 41.2

)7^')~ <j ,1bi t
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Description Depth, in feet

From To
Miles Member:

~~

Limestone, light to medium gray, irregularly
crystalline; contains brachiopods............ 41.2 - 41.8

Onaga Formation:
Ifauxby-Towle Members:
Shale, light greenish gray..................... 41.8 - 47.0
Shale, light greenish gray interbedded with

pale red..................................... 47.0 - 52.0
Shale, light greenish gray to light gray....... 52.0 - 54.0
Shale, reddish brown........................... 54.0 - 58.0
Shale, greenish gray mottled with olive........ 56.0 - 59.5

Pennsylvanian System - Virgil Series - Wabaunsee Group:
Wood Siding Formation:
Brownville Member:
Limestone, light greenish gray and yellow, very

finely crystalline; contains brachiopods and
g1auconite................................... 59.5 - 61.3

Pony Creek-Plumb Members:
Shale, olive mottled with green and gray....... 61.3 - 68.0
S'aa le , reddish brown........................... 68.0 - 76.0
Shale, olive................................... 76.0 - 76.5
Shale, light to medium gray.................... 76.5 - 79.0

Nebraska City Member:
Limestone, medium to dark gray, finely
crystalline, impure; contains brachiopods.... 79.0 - 80.2

Root Formation:
French Creek Member:
Shale, light gray.............................. 80.2 - 80.7
Coal, black.................................... 80.7 - 81.2
Shale, light gray.............................. 81.2 - 85.0
Coal, black.................................... 85.0 - 85.3
Shale, light greenish gray........... ........ 85.3 - 86.0
Shale, light gray, silty....................... 86.0 - 92.0

Test Hole 37-78

Location: Richardson County, SE SW SW SE sec. 34, T. 3 N., R. 13
E., approximately 75 feet north of south section line
and 2,040 feet west of east section line.

Ground-level elevation: 1,068.0 feet above mean sea level.

Started: May 24, 1968. Completed: May 24, 1978.

Total depth: 107.0 feet.
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Description Depth, in feet

From _T _o
Quaternary System:

Soil (no sample)............................... 0 - 4.0
Clay, light brown, silty....................... 4.0 - 7.0
Clay, reddish brown, silty..................... 7.0 - 12.0
Clay, yellowish olive, si1ty................... 3'.0 - 17.5

Permian System - Big Blue Series - Council Crove Group:
Foraker Formation:
Americus Member:
Limestone, medium gray, very finely crystalline;
contains brachiopods and crinoids............ 17.5 - 18.0

Admire Group:
Hamlin Formation:
Oaks-Stine Members:
Shale, black................................... 18.0 - 19.0
Shale, brownish olive.......................... 19.0 - 19.3
Shale, medium gray............... 19.3 - 23.0.............

Shale, light gray.............................. 23.0 - 24.J
Shale, light greenish gray..................... 24.0 - 29.0
Shale, light greenish gray interbedded with

pale red....................... 29.0 - 32.0.............

Shale, light greenish gray, interbedded with
siltstone, tan............................... 32.0 - 36.0

Shale, light greenish gray..................... 36.0 - 43.0
Shale, medium to dark gray................... 43.0 - 47.4.

Limestone, light to medium gray, very finely
crystalline; contains brachiopods............ 47.4 - 48.0

Shale, medium gray............................. 40.0 - 50.5
.i mestone, light to tedium gray, very finely
crystalline....................... 50.5 - 52.2..........

Shale, greenish gray........................... 52.2 - 54.0
Limestone, light gray, fine to very finely
crystalline.................................. 54.0 - 54.5

Shale, gray interbedded with greenish gray..... 54.5 - 58.0
Shale, olive................................... Sd.J - 61.7
Shale, medium gray............................. 61.7 - 62.4

Five Point Formation:
Limestone, white to light gray, irreaularly
crystalline; contains brachiopods and algal
material..................................... 62.4 - 67.0

West Branch Formation:
Shale, light greenish gray, interbedded with

claystone, gray.............................. 67.0 - 69.:
Shale, light greenish gray..................... 69.5' - 75.0
Shale, light to medium gray.................... 75.0 - 84.2

Falls City Formation:
Lehmer Member:
Limestone, medium to dark gray, oebbly

texture, porous.............................. 84.2 - 87.8
Reserve Member:
Shale, medium to dark gray..................... 87.8 - 92.0
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Description Depth, in feet

From To
Miles Member:

~~

Limestone, light to medium gray, irregularly
crystalline; contains brachiopods, crinoids,
algal material, and black inclusions......... o'.0 - 93.2

Onaga Formation:
liauxby-Towle Members:
Shale, light greenish gray interbedded with pale

red.......................................... 93.2 - 97.0
Shale, light greenish gray..................... 97.0 - 102.0
Shale, reddish brown........................... 102.0 - 107.0

Test Hole 38-78

Location: Pawnee County, SE SW SE sec. 1, T. 2 N., R. 12 E.,
approximately 15 feet north of south section line and
1,640 feet west of east section line.

Ground-level elevation: 1,107.0 feet above mean sea level.

Started: May 24, 1978. Completed: May 24, 1970.

Total depth: 100.0 feet.

Description Dep'h, in feet

From To
vuaternary System:

~~

Soil (no sample)............................... 0 - 0.5

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

Limestone, yellowish brown, fine to very finely
crystalline, highly weathered; contains
brachiopods, crinoids, and fusulinids........ 0.5 - 3.5

Burlingame-Soldier Creek Formations:
Shale, olive yellow............................ 3.5 - 8.0
Shale, gray mottled with olive, red, and

green........................................ 8.0 - 15.0
Shale, light gray.............................. 15.0 - 20.0
Shalc, medium gray............................. 20.0 - 26.5

T aylor Branch Member :
Limestone, bluish gray, irregularly crystalline;

contains brachiopods and algal material...... 26.5 - 27.3
Shale, light gray.............................. 27.3 - 28.0
Limestone, light gray, very finely
crystalline.................................. 28.0 - 28.8

Shale, light greenish gray..................... 28.8 - 29.0
Shale, medium to dark gray..................... 29.0 - 30.4

L 1
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Description Depth, in feet

From To
Limestone, light tannish grey, dense; contains

--

glauconite................................... 30.4 - 32.0
Scranton Formation:

Shale, light grec.nish gray, cilty.............. 32.0 - 34.0
Shale, light gray, s11ty....................... 34.0 - 44.0
Shale, medium gray, silty interbedded with

sandstone, gray, very fine grained, thin..... 44.0 - 66.0
Limestone, light tannish gray, very finely

crystalline to dense......................... 66.0 - 66.8
Shale, light greenish gray..................... 66.8 - 73.0
Shale, reddish brown........................... 73.0 - 76.0
Limestone, light tannish gray, very finely

crystalline; contains brachiopods and
fusulinids................................... 76.0 - 77.3

Shale, olive................................... 77.3 - 79.0
Shale, medium gray............................. 79.0 - 92.0
Shale, medium gray, silty interbedded with

sandstone, gray, very fine grained, thin..... 92.0 - 100.0

Test Hole 39-78

Location: Richardson County, SE corner NE, sec. 33, T. 3 N., R.
13 E., approximately 2,565 feet south of ncrth section
line and 10 feet west of east section line.

Ground-level elevation: 1,055.0 feet above mean sea level.

Started: May 25, 1978. Completed: May 25, 1978.

Total depth: 92.0 feet.

Description Depth, in feet

From T__o
@2aternary System:

Road fill (no sample).......................... 0 - 4.0
Sand, very fine to nedium silty................ 4.0 - 7.0
Clay, brown, silty, sandy...................... 7.0 - 20.0

Permian ( ? ) -Pennsylvanian (? ) Systems:
Shale, light gray, silty....................... 20.0 - 25.0
Shale, light gray mottled with olive........... 25.0 - 30.0
Shale, light gray, silty, interbedded with

sandstone, brown very fine grained.......... 30.0 - 35.0
Shale, light gray, silty.......... 3F.0 - 46.7............

Sandstone, light gray, very fine g 2ined, lime
cemented, interbedded with silt, gray., 46.7 - 49.6.....

Shale, ligh. ;-ay, silty interbedded with
sandstone, gray, very fine grained........... 49.6 - 70.2

q'7,
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Description Depth, in feet

From To
Sandstone, medium gray fine to medium grained;

--

contains black carbonaceous material......... 70.2 - 73.0
Coal, black.................................... 73.0 - 73.2
Shale, light gray.............................. 73.2 - 74.0
Shale, medium gray............................. 74.0 - 79.0

Pennsylvanian System - Virgil Series - Habaunsee Group:
Zeandale Formation:
Maple Hill Member:

Limestone, light to medium gray, irregularly
crystalline; contains brachiopods, crinoids,
fusulinids, and pyrite....................... 79.0 - 81.0

Wamego Member:
Coal, black.................................... 81.0 - 82.0
Shale, light gray........................... 82.0 - 86.0..

Shale, light to medium gray.................... 86.0 - 92.0

Test Hole 40-78

Location: Richardson County, SE col.er SW sec. 27, T. 3 N., R. 13
E., approximataly 10 feet north of south section lir'
and 2,900 feet west of east section line.

Ground-level elevation: 1,113.0 feet above mean sea level.

Started: May 25, 1978. Completed: May 25, 1978.

Total depth: 107.0 feet.

Description Depth, in feet

From _T _oQuaternary System:
Soil ( n o s amp l e ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 - 2.0
Silt, yellowish brown, sandy................... 2.0 - 9.f

Permian System - Big Blue Series - Council Grove Group:
Foraker Formation:
Long Creek Member:
Limestone, yellow, very finely crystalline hiweathered...............................,...ghly9.6 - 10.0. .

Hughes Creek Member:
Shale, yellow.................................. 10.0 - 17.0
Shale, yellowish olive......................... 17.0 - 22.5
Shale, light gray.............................. 22.5 - 24.4
Limestone, medium to dark gray, very finely
crystalline; contains brachiopods............ 24.4 - 25.0

Shale, b1ack................................... 25.0 - 27.0
Shale, light to medium gray.................... 27.0 - 27.5
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Description Depth, in feet

From To__

Limestone, light gray, finely crystalline;
contains brachiopods and fusulinids.......... 27.5 - 29.0

Shale, medium gray............................. 29.0 - 32.0
Shale, medium gray, interbedded with limestone,
gray, irregularly crystalline; contains
brachiopods.................................. 32.0 - .0

Limestone, light gray, irregularly crystalline;
contains brachiopods, interbedded with shale,
medium gray.................................. 35.0 - 39.0

Shale, medium to dark gray..................... 39.0 - 42.0
Limestone, bluish gray, pebbly texture;
contains brachiopods, crinoids, and aigal
material..................................... 42.0 - 42.8

Shale, medium gray............................. 42.8 - 50.6
Americus Member:
Limestone, dark gray, irregularly crystalline,

iupure; contains brachiopods and crinoids.... 50.6 - 51.5
Shale, light gray.............................. 51.5 52.0
Limestone, medium to dark gray, irregularly
crystalline; contains brachiopods and
crinoids..................................... 52.0 - 53.0

Shale, dark gray to black...................... 53.0 - 53.8
Limestone, bluish gray, irregularly cry.;talline;

contains brachiopods and crinoids............ 53.8 - 54.1
Admire Group:
Hamlin Formation:

Shale, dark gray............................... 54.1 - 57.5
Shale, light gray, limy........................ 57.5 - 62.0
Shale, greenish gray, limy..................... 62.0 - 63.0
Shale, pale red, limy.......................... 63.0 - 65.0
Shale, light greenish gray, limy............... 65.0 - 70.0
Shale, pale reddish brown, limy................ 70.0 - 70.7
Shale, light gray to light greenish gra 70.7 - 74.0
Shale, medium gray.....................y....... 74.0 - 82.0........

Shale, medium gray, limy....................... 82.0 - 85.9
Limestone, light gray, very finely
crystalline.................................. 85.9 - 88.0

Shale, light gray to light greenish gray....... 88.0 - 90.0
Shale, light gray interbedded with olive....... 90.0 - 92.0
Shale, medium te dark gray.................. 92.0 - 93.5..

Five Point Formation:
Limestone, cre m, finely crystalline; contains
brachiopods and crinoids............ 93.5 - 94.0........

West Branch Formation:
Shale, olive gray.............................. 94.0 - 98.0
Shale, pnle red................................ 98.0 - 98.4
Shale, greenish gray........................... 98.4 - 100.0
Limestone, cream, very finely crystalline;

contains glauconite.......................... 100.0 - 100.5
Shale, greenish gray........................... 100.5 - 101.0
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Description Depth, in feet

From
_T_o

Share, greenish grared..............y interbedded with pale

............................ 101.0 - 104.0Shale, greenish gray............... 104.0 - 105.0Shale, light to medium gray.................. . 105.0 - 107.0
.........

.

Test IIole 41-78

Location: Richardson County, Si corner sec. 26, T. 3 N., R. 13 E.,approximately 20 feet north of south section line and
100 feet east of west section line.

Ground-level elevation: 1,142.0 feet above mean sea level.
Started. May 25, 1978. Completed: May 25, 1978.

Total depth: 152.0 feet.

Description Depth, in feet

From
_T _oguaternary System:

Soil (no sample)................... 0- 2.0Clay, light brown....................
..........

......... 2.0 - 9.0Clay, reddish brown, silty..................... 9.0 - 14.0Clay, reddish brown, silty, sand
to coarse..........y.............. 14.0 - 17.0band, medium

............... 17.0 36.5-

1-ermian Svstom - Big Blue Series - Council Grove Group:Foraker Formation:
Ilughes Creek Member:
Limestone, medium gray, very finely crystal-line, impure; contains brachio
Shale, medium gray.............. pods........... 36.5 - 37.0

............... 37.0 - 40.5Limestone, medium gray, finely crcontains crinoids..............ystalline;
.............. 40.5 - 41.0Shale, light to medium gray, lim

Shale, medium to dark gray......y.............. 41.0 - 46.0
............... 46.0 - 50.0Limestone, medium to dark gray, finely crystal-

line; contains brachiopods and crinoids...... 50.0 - 52.0Shale, light to medium gray.................... 52.0 - 59.3Shale, medium gray, limy....................... 59.3 - 61.0Americus Member:
Limestone, medium to dark gray, finely crystal-line; contains brachio

dark g ray . . . . . . . . pods and crincids . . . . . . 61.0 - 61.7Shale,
....................... 61.7 - 62.5Limestone, medium to dark gray, irregularly

crystalline; contains brachiepods and
crinoids, .nterbedded with shale, black...... 62.5 - 63.0
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Description Depth, in feet

From T_ _o

Admit. Group:
llamlin Formation.

Oaks Member:
63.0 - 66.0Shale, medium gray.............................
66.0 - 70.0Shale, greenish gray....... ...................

Shale, light gray interbedded with pale red,
70.0 - 75.0limy.........................................

Shale, light greenish gray to cream, limy...... 75.0 - 78.0

ilouchens Creek Member:
Limestone, light tannish gray, very finely

78.0 - 79.5crystalline..................................
Stine Member:

79.5 - 83.0Shale, light gray..............................
83.0 - 88.0Shale, light to medium gray....................
88.0 - 93.0Shale, medium to dark gray.....................

Limestone, light to medium gray, very finely
crystalline; contains brachiopods............ 93.0 - 93.5

93.5 - 9';.0
Shale, light gray..............................
Limestone, light gray, very finely

96.0 - (7.0crysta.'line..................................-

97.0 - 9~.5Shale, light gray..............................
Limestone, light gray, very finely

97.3 99.5crystalline..................................
99.5 - 101.0Shale, medium gray.............................

Five Point Formation:
Limestone, cream, irregularly crystalline...... 101.0 - 101.8

West Branch Formation:
101.8 - 108.0Shale, light gray..............................

Shale, light greenish gray interbedded with
pale red, limy............................... 108.0 - 111.0

Snale, light to medium gray.................... 111.0 - 113.6

Shale, light gray, limy........................ 113.6 - 115.0
Shale, medium gray............................. 115.0 - 122.0

Falls City Formation:
Lehr.er elember :
Limastone, gray, very finely crystalline....... 122.0 - 124.5

Reserve Member:
124.5 - 129.0Shale, light gray............. ................

Miles Member:
Limestone, light to medium gray, irregularly

crystalline ; contains b'.ack inclusions. . . . . . . 129.0 - 131.0
Onaga Formation:
llausby-Towle Members:
Shale, light greenish gray, lity............... 131.0 - la9. 0

Shale, light greenish gray interbedded with
134.0 - 138.0pale red.....................................

Shale, reddish brown........................... 138.0 - 143.0
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Description Depth, in feet

From _T _o

Pennsylvanian System - Virgil Series - Wabaunsee Group: .

Wood Siding Formation:
Brownville Member:
Limestone, light gray and greenish gray, very ,

finely crystalline; contains brachioglauconite.......................... pods and
143.0 - 145.0.........Pony Creek-Plumb Members:

Shale,
olive................................... 145.0 - 147.0Shale, reddish

brown........................... 147.0 - 152.0
i

Test IIole 42-78

Location: Richardson County, NE corner NW sec. 35, T. 3 N., R. 13

.

E., approximately 15 feet south of north section line
and 2,695 feet west of east section line.

Ground-level elevation: 1,112.0 feet above mean sea level.
Started: May 26, 1978. Completed: May 26, 1978.

Total depth: 152.0 fee t .

Description Depth, in feet

From _T _oQuaternary System:
Soil (no sample)............................... 0 - 5.0 j
Silt, yellowish brown, silty, sandy............ 5.0 - 10.0Sandstone, yellowish brown, very fine

-highly weathered.................... grained,
10.0 - 15.3.........

i

Permian System - Big Blue Series - Council Grove Group:Foraker Formation:
Long Creek Member-

Limestone, yellow, irregularly crystalline,
porous. vuggy.................... 15.3 - 16.0Silt, yellow...................................

............ 16.0 - 19.5Limestone, pale yellow, ver ;crystalline..............y finely
................... 19.5 - 20.0

_.

Hughes Creek Member: _

Shale, light gray................ .

20.0 - 25.0Shale, medium gray...............
.............

25.0 - 29.5 i
.........

Shale, light gray.............................. 29.5 - 33.0 "

Limestone, medium to dark gray, finely crystal-....

line contains brachiopods....... y
33.0 - 33.6

__Shale, black.......................
...........

33.6 - 36.0 7Limestone, light to medium gray, finely to very
......... .

finely crystalline; contains brachiopods..... 36.0 - 37.0 g
Shale, light gray.............................. 37.0 - 40.0 -

,
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Description Depth, in feet

From _T o_
Limestone, medium gray, finely crystalline;
contains brachiopods and crinoids............ 40.0 - 40.4

Shale, light gray.............................. 40.4 - 42.0
Limestone, medium gray, finely crystalline;
contains brachiopods, crinoids, and
fusulinids................................... 42.0 - 42.6

Shale, light gray.............................. 42.6 - 43.5
Limestone, medium gray, finely crystalline;

contains brachipods.......................... 13.5 - 44.9
Shale, dark gray............................... 14.9 - 49.0
Limestone, bluish gray, i r r e g u la r l ', crystal-

line; pebbly texture; contains brachiopods and
algal material............................... 49.0 - 51.0

Shale, medium to dark gray............. 51.0 - 56.0.......

Shale, dark gray............................... 56.0 - 59.0
Americus Member:
Limestone, medimn gray, finely crystalline;
contains brachiopods and crinoids............ 59.0 - 60.2

Shale, black................................... 60.2 - 61.0
Limestone, medium gray, irregularly crystalline;

contains brachiopods and algal material...... 61.0 - 61.2
Admire Group:
llamlin Formation:
Ocks Member:
Snale, medium gray............................. 61.2 - 65.0
Shale, greenish gray........................... 65.0 - 69.5
Shale, light , ray interbedded with pale red.... 69.5 - 72.0
Shale, light greenish gray..... 72.0 - 76.0...............

Houchens Creek Member:
Limestone, tannish gray, very finely
crystalline.................................. 76.0 - 77.0

Stine Member:
Shale, licht gray to greenish gray, silty...... 77.0 - 80.0
Shale, medium gray............................. 80.0 - 87.0
Shale, dark gray............................... 87.0 - 88.0
Shale, light gray, limy........................ 88.0 - 90.0
Shale, medium gray, silty...................... 90.0 - 92.0
Shale, light gray, limy........................ 92.0 - 94.5
Gypsum, white...................... 94.5 - 9E.8...........

Shale, light gray to greenish gray............. 95.8 - 98.0
Shale, olive................................... 98.0 - 100.0
Shale, medium gray............................. 100.0 - 102.0

Five coint Porration:
Limestone, cream, irregularly crystalline;

contains brachiopods and algal material...... 102.0 - 104.0
West Branch Formation:

Shale, light gray.............................. 104.0 - 108.0
Shale, greenish gray........................... 108.0 - 109.0
Shale, light greenish gray interbedded pale red,

limy......................................... 109.0 - 114.0
Shale, dark gray to black...................... 114.0 - 115.0
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Description Depth, in feet

From T_o_

Shale, light gray, limy........................ 115.0 - 120.0
Shale, light gray.............................. 120.0 - 123.0

Falls City Formation:
Lehmer Member:
Limestone, gray, very finely crystalline,

colitic...................................... 123.0 - 126.0
Reserve Member:
Shale, medium to light gray.................... 126.0 - 130.0Miles Member:
Limestone, bluish gray, finely crystalline,
pebb?/ texture contains black inclusions.... 130.0 - 132.0

Onaga Formation:
Hauxby-Towle Menters :
Shale, greenish gray........................... 132.0 - 135.0
Shale, medium gray interbedded with pale red... 135.0 - 13'.0Shale, light gray interbedded with greenish

gray, limy............ 137.0 - 139.0.....................
Limestone, cream, very _inely crystalline...... 139.0 - 140.0
Shale, reddish brown........................... 140.0 - 245.5

Pennsylvanian System - Virgil Series - Wabaunsee Group:
Wood Eiding Formation:
Brownville Member:
Limestone, pale yellowish gray, t .elv to very

finel.y crystalline; contains btuchio
and ccino1ds........................ pods 145.5 - 147.5.........

Pony Creek-Plumb Members:
Shale, light gra3.......................... 147.5 - 148.0Shale, olive............................... ... 148.0 - 149.5..

Shale, light gray mottled with red............. 145.5 - 150.0
Shale, light greenish gray..................... '. 6 0 . 0 - 152.0

Test Hole 43-78

Location: Richardson County, SW NW SW sec. 35, T. 3 N., R. 13 E . ,
approximately 1,700 feet north of south section line and
20 feet east of west section line.

Ground-level elevation: 1,110.0 feet above maan sea level.

Started: May 26, 1978. Completed: May 26, 1,' 7 8 .

Total depth: 92.0 feet.

504 240
129

--



. . . _ . _ _ . _ _ _ _ _ _ _ _

Description Depth, in feet
:

From T _o_

- vuater:iary System:
1 Soll (no sample)............................... 0 - 1.0

= Permian System - Big Blue Series - Council Grove Group:
Foraker Formation:
Long Creek Member:
Limestone, yellow, very finely to irregularly

crystalline, porous, vuggy................... 1.C - 2.0

Shale, yellow.................................. 2.0 - 6.0

Limestone, pale yellow, irregularly
crystalline.................................. 6.0 - 7.5

Hughes Creek Member:
Shale, yellow brown............................ 7.5 - 10.0
Shale, olive yellow............................ 10.0 - 14.0
Shale, medium gray............................. 14.0 - 17.0
Shale, olive................................... 17.0 - 21.2
Limestone, medium to dark gray, very finely

crystalline; contains brachiopods.. 21.2 - 21.7.........

Shale, black................................... 21.7 - 23.0
Shale, medium gray..................... 23.0 - 24.0......

Limestone, light to medium gray, fine
crystalline; contains brachiopods............ 24.0 - 26.0

Shale, medium gray............................. 26.0 - 28.5
Limestone, medium gray, finely crystalline;

contains brachiopods and crinoids............ 28.5 - 29.5
Shale, medium gray............................. 29.5 - 32.0
Limestone, medium gray, finely crystalline-
contains brachiopods, crinoids, and
fusulinids................................... 32.0 - 33.0

Shale, light gray, 1imy........................ 33.0 - 35.0
Shale, medium to dark gray..................... 35.0 - 39.0
Limestone, bluish gray, finely crystalline:

~ contains brachiopods, crinoids, and
fusulinids................................... 39.0 - 41.0

Snale, medium to daik gray..................... 41.0 - 48.4
Americus Member:
Limestone, bluish gray, irrigularly crystalline
contains brachiopods, crinoids, and algal
material..................................... 48.4 - 49.1

Shale, black................................... 49.1 - 50.0
Limestone, dark gray, finely crystalline;
contains brachiopods and crinoids............ 50.0 - 50.1

Admire Group:
Hamlin Formation:
Oaks-Stine Members:
Shale, medium gray.......... 50.1 - 54.0.................

Shale, greenish gray........................... 54.0 - 58.0
Shale, greenish gray interbedded witF. pale

red............................. ........... 58.0 - 61.0
Shale, greenish gray, interbedded with limestone,

tan, dense................................... 61.0 - 66.0
. .
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Description Depth, in feet

From _To_

Shale, light greenish gray, silty.............. 66.0 - 70.0
Shale, light to medium gray.................... 70.0 - 74.0
Shale, medium to dark gray..................... 74.0 - 78.0
Limestone, light brownish gray, very finely
crystalline.................................. 78.0 - 78.4

Shale, light gray.............................. 78.4 - 81.0
Limestone, light brownish gray, very finely
crystalline.................................. 81.0 - 82.3

Shale, light greenish gray..................... 82.3 - 83.7
Limestone, light tannish gray, very finely
crystalline; contains fossil fragments....... 83.7 - 84.1

Shale, light greenish gray..................... 84.1 - 84.6
Shale, medium gray............................. 84.6 - 85.0
Shale, greenish gray tottled with olive........ 25.0 - 87.0
Limestone, cream, irregularly crystalline...... 87.0 - 89.0
Shale, pale reddish brown............... 89.0 - 91.0......

Shale, dark gray............................... 91.0 - 92.0

Test Hole 44-78

Location: Richardson County, SW corner NE sec. 10, T. 2 1; . , R. 13
E., approximately 2,440 feet soutn of north section line
and 2,665 feet east of west section line.

Ground-level elevation: 930.0 feet above mean sea level.

Started: May 30, 1978. Completed: Mev 30, 1978.

Total depth: 152.0 feet.

Description Depth, in feet

From _T o
vuaternary System:

Soll (no sample)............................... 0 - 10.0
Silt, dark brown, clayey...... 10.0 - 16.0................

Silt, light brown, clayey...................... 16.0 - 21.0
Silt, dark gray to dark brown.................. 21.0 - 31.0
Silt, dark greenish gray....................... 31.0 - 36.0
Sand, medium to caarse and gravel, very fine

to medium............................ 36.0 - 40.0.......

Permian System - Big Blue Series - Council Grove Group:
Foraker Formation:
Hughes Creek flember:
Shale, b1ack................................... 40.0 - 41.0
Shale, medium gray............................. 41.0 - 42.7

7 * ^6
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Description Depth, in feet

From T_o_
Limestone, light to medium gray, very finely
crystalline; contains brachiopods, f usu -
linids, and pelecypods............. .........

42.7 - 44.0
Shale, medium gray, interbedded with sandstone,

gray, very fine grained.. 44.0 - 54.0.................

Shale, dark gray............................... 54.0 - 59.0
Shale, medium to dark gray..................... 59.0 - 66.0

Ame ricus tiember :
Limestone, medium gray, very finely crystalline;
contains brachiopods, crinoids, and
pelecypods................................... 66.0 - 68.3

Shale, black................................... 68.3 - 69.0
Shale, medium gray............................. 69.0 - 72.8

Admire Group:
If amlin Formation:
Oaks-Stine Members:
Limestone, medium to dark gray, finely crystal-

line, interbedded with shale, greenish gray.. 72.8 - 73.1
Shale, greenish gray, limy..................... 73.1 - 77.0
Shale, greenish gray to medium gray............ 77.0 - 80.0
Shale, light gray interbedded with pale red;

80.0 - 85.0containa gypsum. ............................

Shale, light greerish gray, interbedded with
claystone, tan............................... 85.0 - 88.0

Shale, Jight to medium gray.................... 88.0 - 92.0
Shale, mediura to dark gray..................... 92.0 - 96.0
Limestone, medium gray, very finely crystalline;

contains fossil fragments, interbedded with
shale, greenish gray......................... 96.0 - 100.5

Limestone, light tannish gray, very finely
crystalline.................................. 100.5 -101.0

Shale, medium to dark gray..................... 101.0 - 105.0
Shale, olive................................... 105.0 - 107.0
Shale, medium to dark gray..................... 107.0 - 109.0

Five Point Formation:
Limestone, cream, irregularly crystalline;
contains algal material...................... 109.0 - 109.3

West Blanch Formation:
Shale, medium gray............................. 109.3 - 112.5
Shale, greenish oray........................... 112.5 - 113.0
Shale, Tedium to dark gray interbedded with

pale red..................................... 113.0 - 117.0
Shale, medium gray, limy....................... 117.0 - 122.0
Shale, medium gray............................. 122.0 -128.7

Falls City Formation:
Lehmer Member:
Limestane, gray, very finely crystalline,

porous; contains gypsum...................... 128.7 -131.0
ReseJve Member:
Shile, medium gray............................. 131.0 -133.3
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Description Depth, in feet
'

From To
Miles Member: --

Limestone, light gray, very finely crystalline,
interbedded with shale, greenish gray........ 133.3 - 134.5

Onaga Formation:
Shale, greenish gray, limy..................... 134.5 - 139.0
Shale, greenish gray interbedded with

red.................................
pale

139.0 - 141.0.........

Shale, light greenish gray..................... 141.0 - 144.0
Shale, reddish brown........................... 144.0 - 149.6
Shale, light gray nottled with olive........... 149.6 - 152.0

Test Hole 45-78

Location: Richardson County, NW NE NE sec. 3, T. 2 N., R. 13 E.,
approximately 20 feet south of north section line and
780 feet west of east section line.

Ground-level elevation: 1,068.0 feet above mean sea level.

Started: ' lay 30, 1978. Completed: May 30, 1978.

Total depth: 100.0 feet.

Description Depth, in feet

From _To_Quaternary System:
Soil (no sample)............ .................. 0 - 1.0

Permian System - Big Blue Series - Admire Group:
IIamlin Formation:
Oaks-Stine Members:
Shale, greenish gray........................... 1.0 - 3.0Shale, reddish brown........................... 3.0 - 4.0
Shale, yellowish brown......................... 4.0 - 10.01 Shale, yellowish brown interbedded with

greenish gray................................ 10.0 - 12.0
Shale, pale olive.............................. 12.0 - 15.0
Shale, light to medium gray.................... 15.0 - 20.0
Shale, nedium to dark gray..................... 20.0 - 24.0Limestona, medium gray, very finely crystalline;

contains brachiopods......................... 24.0 - 24.5Shale, medium gray............................. 24.5 - 26.8
Limestone, light to medium gray, ver fine.'.ycrystalline.......................y 26.8 - 29.0...........
Shale, greenish gray..................... 29.0 - 29.5.....

Limestone, light gray, very finely crystalline;
contains fossil fragments..................,. 29.5 - 30.2

Shale, olive................................... 30.2 - 34.0
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Description Depth, in feet

From T_o_

Shale, medium to dark gray..................... 34.0 - 36.2
Five Point Formation:

Limestone, cream, irregularly crystalline;
contains algal material...................... 36.2 - 37.0

West Branch Formation:
Shale, light gray.............................. 37.0 - 41.0
Shale, greenish gray........................... 41.0 - 45.0
v.. ale , light greenish gray interbeddeC with

pale red..................................... 45.0 - 48.0
Shale, medium gray, interbedded with claystone,

tan.......................................... 48.0 - 54.0
Shale, light gray.............................. 54.0 - 58.0

Falls City Formation:
Lehmer Member:
Limestone, medium to dark gray, ir'agularly

crystalline; contains fossil fragments....... 58.U 61.0
Reserve Member:
Shale, medium gray............................. 61.0 - 65.1

Miles Member:
Limestone, light to medium gray, irregularly

crystalline, impure; contains brachiopods.... 65.1 - 66.0
Onaga Formation:
liauxby-Towle Merters:
Shale, light greenish gray, limy............... 66.0 - 70.0
Shale, light greenish gray interbedded with

pale red..................................... 70.0 - 75.0
Shale, reddish brown........................... 75.0 - 81.0
Shale, greenish gray interbedded with olive.... 81.0 - 82.0

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

crystalline; contains brachiopods and
glauconite................................... 82.0 - 84.0

Pony Creek-Plumb Members:
Shale, olive................................... 84.0 - 87.0
Sandstone, yellowish brown, very fine grained.. 87.0 - 87.5
Shale, greenish gray interbedded with pale

red.......................................... 87.5 - 90.0
Shale, reddish brown........................... 90.0 - 99.0
Shale, elive................................... 99.0 - 100.0
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Test Hole 46-78

Location: Richardson County, NW corner NE sec. 4, T. 2 N., R. 13
E., approximately 15 feet south of north section line
and 2,565 feet west of east section line.

Ground-level elevation: 1,005.0 feet above mean sea level.

Started: May 30, 1978. Completed: May 30, 1978.

Total depth: 92.0 feet.

Description Depth, in feet

From _T _o
Quaternary System:

Soil (no sample)............................... 3 - 3.0
Clay, reddish brown, silty..................... 3.0 - 9.0
Silt, brownish gray, sandy................... 9.0 - 10.0.

Sand, fine to very coarse, and gravel, very
10.0 - 23.0fine to fine........... ... ............. ..

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

Wamego Group:
Shale, yellowish brown......................... 23.0 - 24.0
Shale, light gray...................... 24.0 - 32.0.......

Shale, medium gray................... 32.0 - 37.0.......

Shale, greenish gray........................... 37.0 - 37.3
Tarkio Member:
Limestone, cream, irregularly crystalline;
contains fusulinids, Osagia, pseudo-oolites,
and glauconite............................... 37.3 - 41.6

Willard Formation:
Shale, reddish brown......... 41.6 - 42.7.................

Shale, greenish gray, silty.................... 42.7 - 47.0
Shale, medium gray............................. 47.0 - 62.0
Shale, medium gray, interbedded with siltstone,

gray......................................... 62.0 - 67.0
Shale, medium gray............................. 67.0 - 75.0

Emporia Formation:
Elmont Member:
Lirestone, light to medium bluish gray, finely
to very finely crystalline; contains
brachiopods and crinoids..................... 75.0 - 77.1

Shale, light gray.............................. 77.1 - 79.0
Limestone, light tannish gray, very finely

crystalline to dense......................... 79.0 - 79.5
Shale, light greenish gray..................... 79.5 - 81.0
Limestone, light greenish gray to tannish gray,

very finely crystalline...................... 81.0 - 81.6
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Description Depth, in feet

From _T _o
Harveyville Member:
Shale, greenisn gray........................... 81.6 - 84.4
Shale, medium gray............................. 84.4 - 84.8
Reading Member:
Limestone, bluish gray, fine to very finely
crystalline; contains brachiopods,
crinoias, and pyrite......................... 84.8 - 66.7

Shale, medium gray............................. 86.7 - 89.0
Limestone, bluish gray, irregularly crystal-

line; contains brachiopods and crinoids...... 89.0 - 90.2
Auburn Formation:

Shale, greenish gray to light gray............. 90.2 - 92.0

Test Hole 47-78

Location, Richardson County, UE corner sec. 33, T. 3 N., R. 13 E.,
approximately 15 feet south of north section line and
30 feet west of east section line.

Ground-level elevation: 1,101.0 feet above mecn sea level.

Started: May 30, 1978. Completed: May 30, 1978.

Total depth: 137.0 feet.

Description D pth, in feet

From _T _o
yuaternary System:

Soil (no sample)............................... 0 - 2.0
Silt, reddish brown, clayey, sandy............. 2.0 - 7.0
Silt, reddish brown, sandy..................... 7.0 - 11.0
Sand, fine to very coarse, and gravel. very

fine to medium, interbedded with silt, brown. 11.0 - 16.0
Silt, light brown, clayey...................... 16.0 - 26.0
Silt, light tan, clayey........................ 26.0 - 62.5

Pe :mian (?) - Pennsylvanian (?) Systems:
Shale, medium gray............................. 62.5 - 67.c
Shale, medium gray, silty...................... 67.0 - 70.9
Sandstone, light gray, very fine to fine

grained, lime cemented; contains black
carbonaceous material........................ 70.9 - 72.0

Shale, light gray, silty....................... 72.0 - 77.0
Shale, light gray, silty, interbedded with

sandstone, gray, very fine grained........... 77.0 - 82.0
Shale, light gray, silty....................... 82.0 - 116.0
Sandstone, light gray, very fine to fine
grained; contains pyrite................... 116.0 - 116.4.
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Description Depth, in feet

From T_o

Shale, light gray, silty................ 116.4 - 127.0.....

Shale, light gray, silty; contains trace of
coal.. 127.0 - 132.8.......... ...... .......... .. ....

Sandstone, ligh t gray, very fine to fine
grained, lime cemented; contains pyrite..... 132.8 - ]33.9

Pennsylvanian Systen - Virgil Series - Wabaunsee Group:
Coal, black.. .. ....................... ... . 133.9 - 134.8
Shale, light gray.. 134.8 - 137.0.. .......................

Test Hole 48-78

Location: Richardson County, NE corner sec. 35, T. 3 N., R. 13 E.,
approximately 15 feet south of north section line and
190 feet west of east section line.

Ground-level. elevation: 1,153.0 feet above mean sea level.

Started: June 5, 1978. Completed: June 5, 1978.

Total depth: 137.0 feet.

Description Depth, in feet

From To
Ouaternary System: __

Soil (no sample).............................. 0- 3.0
Sand, very fine to very coarse, and gravel,

very fine to medium......................... 3.0 - 22.0
Sand, ver; fine to fine, silty................ 22.0 - 32.0
Silt, yellowish brown, sandy.................. 32.0 - 48.0
Silt, medium gray and yellowich brown, sandy.. 48.0 - 55.0

Permian System - Big Blue Series - Council Grove Group:
Crouse Formation:

Limestone, cream, irregularly crystalline,
contains brachiopods and algal material..... 55.0 - 56.7

Easly Creek Formation:
Shale, light gray, silty.. 56.7 - 60.0..................
Shale, light olive gray....................... 60.0 - 63.0
Shale, reddish brown.......................... 63.0 - 64.0
Shale, light greenish gray.................... 64.0 - 64.5
Shale, reddi.sh brown.......................... 64.5 - 66.0
Shale, greenish gray.......................... 66.0 - 66.5
Shale, reddish brown.......................... 66.5 - 70.0
Shale, olive gray, silty...................... 70.0 - 72.0
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Description Depth, in feet

From To
bader Formation.

--

Middleburg Member:
Limestone, yellow, coarse to very finely crys-

talline, porous.............................. 72.0 - 74.0
Hooser Member:
Shale, lignt gray to olive gray................ 74.0 - 77.0
Shale, white to light gray, jnterbedded with

sandstone, light gray, very fine grained..... 77.0 - 79.0
Snale, gray interbedded witn green, red and
olive........................................ 79.0 - 84.9

Eiss Meuber:
Limestone, white, very finely crystalline,

porous....................................... 84.9 - 87.3
Shale, light olive............................. 87.3 - 89.0
Shale, medium gray............................. 89.0 - 94.5
Limestone, medium gray, finely to very finely
crystalline; contains brachiopods............ 94.5 - 96.3

Stearns Formation:
Shale, light gray and greenish gray............ 96.3 - 102.0
Shale, reddish brown........................... 102.0 - 105.0
Shale, cream, limy............................. 105.0 - 108.0

Beattie Formation:
Morrill-Florena Members:
Limestone, light tannish gray, very r.nely
crystalline.................................. 108.0 - 108.6

Shale, light gray to white..................... 108.6 - 109.0
Limestone, light tannish gray, very finely
crystalline; contains gypsum................. 109.0 - 111.0

Cottonwood flember :
Limestone, cream to light gray, finely to ir-

regularly crystalline; contains fusulinids... 111.0 - 122.5
Eskridge Formation:

Shale, pale red interbedded with gray.......... 122.5 - 128.0
Shale, greenish gray........................... 128.0 - 137.0

Test Hole 49-78

Location: Richardson County, SW corner I&i sec. 26, T. 3 N., R. 13
E., approximately 2,635 feet south of north section line
and 20 feet east of west section line

Ground-level elevation: 1,145.0 feet above mean sea level.

Started: June 6, 1978. Completed: June 6, 1978.

Total depth: 152.0 feet.
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Description Depth, to feet
_

From _T _oQuaternary System:
Soil ( n o s amp l e ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 - 2.0
Silt, brown, clayey............................ 2.0 - 9.0
Silt, reddish brown, sandy..................... 9.0 - 14.0
Sand, medium to very coarse and gravel, very fine

to coarse, interbedded with clay, brown...... 14.0 - 25.0
Sand, medium to very coarse, and gravel, very

fine to coarse............................... 25.0 - 53.0

Permian System - Big Blue Series - Council Grove Group:
Red Lagle Formation:
Eennett Member:
Shale, pale yellow, sandy, silty............... 53.0 - 55.]Shale, black................................... 55.0 - 59.7

Glenrock herber:
Limestone, pale yellow, very finelcrystalline.....................y 59.7 - 60 2.............
Shale, light gray, limy........................ 60.2 - 62.0

?..anson Formation:
Shrle, yellowish olive......................... 62.0 - 74.5

Foraker Formation:
Long Creek Member:
Limestone, yellowish brown, irregularly to very

finely crystallinc, porous, vuggy; contains
algal material............................... 74.5 - 80.0Hughes Creek Menier:

Shale, pale yellow, interLedded with limestone
yellow, dense................................, 80.0 - 84.0

Shale, light to medium gray.................... 84.0 - 92.0
Shale, light gray.............................. 92.0 - 96.5Limestone, medium to dark gray, finely
crystalline; contains brachiopods............ 96.5 - 97.5Shale, black................................... 97.5 - 100.0brachiopods and fusulinids................... 100.0 - 101.2Shale, medium gray............................. 101.2 - 104.0

Limestone, medium gray, finely crystalline;
contains brachiopods and crinoids............ 104.0 - 104.5chale, light gray.............................. 104.5 - 106.0
mestone, medium gray, finely crystalline;
contains brachiopods and crinoids............ 106.0 - 109.3shale, medium gray............................. 109.3 - 113.5

Limestone, medium gray, finely crystalline;
antains brachiopods and algal material...... 113.5 - 115.5

Sh ale , medium gray............................. 115.5 - 124.5Americus Member:
Limestone, bluish gray, irregularly crystalline-
contains brachiopods and crinoids............ 124.5 - 125.0Shale, black................................... 125.0 - 125.5Limestone, light to medium gray, finely crystal-
line; contains brachiopods and crinoids...... 125.5 - 126.0
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DescriptiGn Depth, in feet

From To
Admire Group:

_

Ifamlin Formation:
Oaks-Stine Menters :
Shale, medium to dark gray..................... 126.0 - 129.4
Shale, light gray, limy........................ 129.4 - 130.3
Shale, greenish gray, limy..................... 130.3 - 135.0
Shale, greenish gray interbedded with pale

red.......................................... 135.0 - 139.0
Shale, light tan to crean...................... 139.0 - 143.0
Shale, light tan to cream, interbedded with

siltstone, tan............................... 143.0 - 106.0
Shale, medium gray............................. 146.0 - 149.0
Shale, olive gray.............................. 149.0 - 152.0

Test liole 50-78

Location: Richardson County, NE corner NW sec. 32, T. 3 N., R. 13
E., approximately 20 feet south of north section line
and 2,560 feet east of west section line.

Ground-level elevation: 1,085.0 feet above mean sea level.

Started: June 6, 1978. Ccmpleted: June 6, 1978.

Total depth: 152.0 feet.

rescription Depth, in feet

From _T o
Quaternary System:

Soil (no sample)............................... 0 - 2.0
Silt, reddish brown, clayey.................... 2.0 - 7.0
Silt, pale brown, sandy........................ 7.0 - 15.0
Sand, medium to coarse, and gravel, very fine

to fine...................................... 15.0 - 16.0
Clay, light brown.............................. 16.0 - 29.0
No sample, lost circulation.................... 29.0 - 42.0

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

Shale, pale olive, interbedded with siltstone,
olive........................................ 42.0 - 44.0

Shale, medium gray, silty....... 44.0 - 47.0..............

Shale, medium gray mottled with olive.......... 47.0 - 62.0
Shale, light gray.............................. 62.0 - 72.0

m+1
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Description Depth, to feet

From ToLuporia Formation: --

Elmont : enter :
Limestone, brownish gray, very finely crystalline,

contains brachiopods, fusulinids,and pyrite.. 72.0 - 74.3Shale, medium to light gray.................... 74.3 - 76.3Claystone, light gray.......................... 76.3 - 77.0Lirco s tone , light tannishcrystalline............ gray, very finely
...................... 77.0 - 77.5Clays tone , light greenish gray................. 77.5 - 78.5Limestone, light gray, vercrystalline.............y finely
..................... 78.5 - 79.3liarveyville Menter:

Shale, greenish gray............. 79.3 - 79.7Shale, medium gray.............................
.............. 79.' - 81.3Reading Member:

Lirue s tone , medium gray, very finely crystalline;
contains brachiopods and crinoids............ 81.3 - 81.5Shale, medium gray............................. 84.5 - 83.5Limestone, light gray, irregularly crystalline;
contains trachiopods, crinoids, and pyrite... 85.5 - 86.5Auburn Formation:

Shale, medium gray............................. 86.5 - 88.0Shale, greenish gray...................... 88.0 - 91.3Shale, dark reddish brown...................... 91.3 - 94.0Snale, reddish brown mottled w .....

brown.......................ith green and

................. 94.0 - 95.3Shale, greenish gray, interbedded with limest
greenish brown, dense......................one,

95.3 - 102.0Shale, light gray................ 102.0 - 107.0
..

Shale, medium gray.............................
.............. 107.0 - 117.2Wakarusa Formation:

Limestone, light to medium gray, irregularly
crystalline; contains brachiopods, crinoids,fusulinids, and pyrlte, interbedded with
shale, gray.................................. 117.2 - 121.3Soldier Creek Fcrmation:

Shale, light gray.............................. 121.3 - 128.0durlingame Formation:
South Fork Member:
Limestone, tan, verdense............y finely crystalline to

....................... 128.0 - 129.0Shale, light greanish gray.....................
..... 129.0 - 130.8Lin:es tone , crear, irregularly crystalline;

contains Osagia, oolites and almaterial......T..........,........ gal
............ 130.8 - 132.5Winnebago Member:

Shale, light greenish gray, interbedded wi
limestone, tan dense....................th 132.5 - 138.0Taylor Branch Men .....

er:

Limestone, medium to dark gray, very finely
crystalline to dense; contains bryozoans..... 138.0 - 138.4

,
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j Description Depth, in feet
-

_a From T_o_d

g
138.4 - 139.0

] a. light gray..............................,

> tone, n.edium gray, very finely crystalline1 .

139.0 - 141.0
j- tm :ense.............-.......................

141.0 - 147.0
mi ale, light gray..............................

147.0 - 150.03 Ladium gray.............................,

d . stone, dark gray, irregularly crystalline;
algal material and brachiopods...... 150.0 - 152.0s v *ains

t

h Test llole 51-78
%
2

) 1. . :1 : lawnee County, SI: corner sec. 24, T. 3 N., R. 12 E.,
,

3 approximately 150 feet north of south section line and
4 60 feet west of east section line.
7

} nel elevation: 1,074.0 feet above mean sea level.

June 7, 1978. Completed: June 7, 1978.**

4 . a. in 182.0 feet..

-

Description Depth, in feet
=

0
. ( Frcm _T _o

o

t .
at, a r ', dystem:

.1. t :;o sample)............................... 0- 3.0j
1 crown, clayey............................ 3.0 - 17.0

2
*

,

- .t, medium gray.............................. 17.0 - 27.0

t .t, uudium gray, sandy.............,......... 27.0 - 32.0

u. , *ine to very coarse and gravel, very fine/
d < tedlun.................................... 32.0 - 36.0

$ raecium gray, sandy....................... 36.0 - 62.0
.. ,

62.0 - 96.0.t, light gray...............g ........... ...

fine to very coarse and gravel very fine~ .,

96.0 - 107.03 to meaium. ..................................
t

j% - .s,. <anian
a

System - Virgil Series - Wabaunsee Group:<

# <> .; ton lortation:

M W: .te Clouc Member:
ale, 11aht to medium gray.................... 107.0 - 122.0

-?
,

mestone, brownish gray, very finelyg{ 1-

N ctystalline to dense......................... 122.0 - 122.1

K aie, light to medium gray.................... 122.1 - 155.0

a mc a r . Formation:
.1. e s t: o n e , medium to dark bluish gray,, j

_3 >>gularly crystalline; contains brachiopods,

4 cr1nolus, fusulinids, and pyrite............. 155.0 - 160.0

Sh
h
=

b b

$.y , 142 509 "c; u s

;

%- ---



. . . . - - '

'

.

5

i

i

Description Depth, in feet

From ToSevery Formation: -~

Shale,
black................................... 160.0 - 161.0Shale, light gray, silty................. 161.0 - 162.0Shale, black............................. ..... 162.0 - 163.0.....Coal, black......... .......................... 163.0 - 164.0Shale, light gray.............................. 164.0 - 167.0 : ;Sandstone, light gray, very fine grained,

interbedded with shale, light gray........... 167.0 - 168.2 - -

Shale, light gray, silty, sandy................ 168.2 - 172.0Shale, light to mediun gray, silty............. 172.0 - 182.0

Test IIole 52-78

Location: Richardson County, NL corner sec. 30, T. 3 N., R. 13 L.,approximately 90 feet south of north section line and
15 feet west of east section line.

Ground-level elevation: 1,125.0 feet above mean sea level.
Started: June 8, 1978. Completed: June 8, 1978.
Total depth: 197.0 feet.

7 .-

Description Depth, in feet L

From T _oQuaternary System: _

Soil (no sample)............................... 0 - 2.0Silt, reddish brown, clayey.................... 2.0 - 7.0Silt, reddish brown, sandy..................... 7.0 - 12.0Silt, brown, clayey, sand
Silt, medium gray........y..................... 12.0 - 52.0

............... 52.0 - 62.0Silt, brownish gray............................ 62.0 - 67.0Silt, light gray, sandy........................ 67.0 - 72.0
.......

Pennsylvanian System - Virgil Series - Wabaunsee Group:
Soldier Creek Formation:

Shale, greenish gray interbedded with olive.... 72.0 - 78.0Burlingame Formation:
South Fork Member:
Limestone, light gray to cream, finely crystal- --

line, porous; contains crinoids, interbedded .

-

with shale, red and green.................... 78.0 - 85.0Winnebago Member:
Shale, brown...................... 85.0 - 86.0Shale, medium gray.............................

86.0 - 92.0 c-__
_

..........Shale, medium to dark gray..................
..

92.0 - 97.0..

504 2E4
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Description Depth, in feet

From To
_

Taylor Branch ' der et.

Limestone, dark gray, irregularly crystalline;
contains a] gal material.. 97.0 - 59.0..... ....... .... .

Shale, medium grai... 98.0 - 98.5.... ...... ....... .. ..

Limestone, light c; r a v. , v e r s. finelv.
... .... ................. . 98.5 - 99.3crystalline.....

99.3 - 101.8Shale, medium grai.... ...................... ..

Limestone, light tannish gray, finely
crystalline to dcase................... 101.8 - 103.0.....

Scranton Formation:
Cedarvale-White Cloud Memberc.

103.0 - 107.0Shale, medium to light gray..... ...... . .. ..

107.0 - 112.0Shale, medium gray, silty... . . ....... .. ..

Shale, medium gray, silty, interbedded with
sandstone, gray, very fine grained........... 112.0 - 117.0

Shale, medium gray, silti. ... 117.0 - 134.5
134.5 - 135.0Shale, black........ . ..... .. .. ..... ......

Shale, redium gray 135.0 - 139.7...... . ... .. ............

Limestone, light greenish gray, very finely
crystalline, interbedded with shale, greenish

139.7 - 150.0gray. . .. .... . .... . ........... . . ...

Limestone, cream, irregularly crystalline;
contains algal material. 150.0 - 151.2............ .......

........... ... .. . 151.2 - 153.0Shale, brownish olive...
Shale, medium to dark gray 153.0 - 154.0... ...... .....

Limestone, bluish gray, irregularly crystalline;
contains crinoids and fusulinids.. 154.0 - 155.5.... .. ..

Shale, medium gray............. 155.5 - 131.4........... .

Shale, medium gray, interbedded with limestone,
brown, dense, thin.... 181.4 - 197.0......................

Cf/ q
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Test l' ole 33-78

Location: Itichardson County, SI: corner NI sec. 21, T. 3 L., R. 13
E., approxinately 5 feet north of south section line and
22 feet west of east section line.

Grouru-level elevation: 1,107.0 feet above rean sea level.

Started: June 8, 1978. Completed: June 9, 1978.

Total depth: 122.0 fcet.

Description Depth, in fee t

From
_T_o_Quaternary System.

Soil ( r. o s a m p l e ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 - 1.0Clay, brown, silty............................. 1.0 - 13.0
Sanu, fine to ver; coarse, and gravel, 'ri

fine to medium
Silt, light tan........................

. . . 13.0 - 54.0.. . . . .

54.0 - 58.0.......
Silt, gray................................ 58.0 - 60.0....

1:ernian System - Eig Blue Series - Council Grove Group:
Stearns Formation.

Shale, light greenish gray..................... 66.0 - 68.0Shale, reddish brown........................... 68.0 - 70.0Shale reddish brown interbedded with greenish
gray......................................... 70.0 - 72.0Beattie Formation:

.1crrill-Florena Members:
Shale, cream to

white.......................... 72.0 - 74.3Limestone, white to light gra very finelycrystalline................y,
.................. 74.3 - 75.0Lirestone, whitt to light gray, very finely

crystalline, interbedded with shale, ligray...................................ght 75.0 - 76.2......

Limestone, white to light gray, very finely
crystalline, porous.......... ............... 76.2 - 77.0Cottonwood Member:

Limestone, crean, fine to irregularly crystal-
line; contains

fusulinids.................... 77.0 - 88.0
EsKridce Forma. tion:s

Shale, light bluish gray....................... 88.0 - 93.0Shale, reddish'
brown........................... 93.0 - 99.0Shale, light gray.............................. 99.0 - 102.0Shale, gray interbedded with black............. 102.0 - 103.2Limestone, medium gray, ver finelycrystalline..............y

.................... 103.2 - 104.0Shale, dark gray.......
...................... 104.0 - 104.8Litestone, brownish gray, very finel

crystalline to dense..............y
104.8 - 105.5...........
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Description Depth, in feet

From Tc
Shale, medium gray, interbedded tiith likestone,

-

tannish gray, dense.......................... 105.5 - 107.0
Shale, yellowish clive, si1ty.................. 107.0 - 112.0
Shale, green interbedded with red.............. 112.0 - 114.0
Lin.e s tone , light tannish gray, very finely
crystalline to dense......................... 114.0 - 116.0

Lin.e s tone , light greenish gray, dense.......... 116.0 - 116.7
Shale, pale olive......... 116.7 - 117.5....................

Shale, reddish brown........................... 117.5 - 120.0
Shale, greenish gray, limy..................... 120.0 - 122.0

Test liole 54-78

Location: Richardson County, NW corner sec. 26, T. 3 N., R. 13 E.,
approximately 15 feet south of north section line and
10 feet east of west section line.

Grouna-level elevation: 1,154.' feet above mean sea level.

Started: June b, 1978. Ccmpleted: June 8, 1978.

Total depth: 137.0 feet.

Description Depth, in feet

From To
yuaternary fystem:

_

Soil (no sample)............................... 0- 3.0
Silt, brown, clayey............................ 3.0 - 6.0
Silt, readish brown, clayey.................... 8.0 - 12.0
Silt, orangish brown, clayey................... 12.0 - 19.0

Permian System - Big Blue Series - Council Grove Group:
Funston r arn ation:

Limestone, pale yellow, irregularly crystal-
line; porous................... 19.0 - 24.0.............

Blue Rapids Formation:
Shale, greenish gray........................... 24.0 - 30.5
Limestone, pale yellow, coarsely crystalline... al.5 - 31.0
Shale, pale olive.............................. 31.0 - 35.0
Limestone, light gray, very finely
crystalline.................................. 35.0 - 35.4

Shale, olive interbedded with beige............ 35.4 - 39.0
Limestone, light gray, very finely
crystalline.................................. 39.0 - 40.0

Shale, yellowish olive......................... 40.0 - 41.0
Shale, reddish brown raot tled with gray. . . . . . . . . 41.0 - 46.0
Shale, medium gray............................. 46.0 - 48.0
Shale, light greenish gray..................... 48.0 - 50.5

146 504 257



. .

_ . _ . _ _ _ _

_

_

-

-

-

-

Description Depth, in feet
~

_

Prom To
a Crouse Formation. ~

Lin.e s tone , white to light gray, finel
-

finely crystalline.................y to very
_

50.5 - 51.0..........'

Limestone, light tan, dense, interbedded with
-

shale, cream................................. 51.0 - 54.0T Shale, yellowish olive......................... 54.0 - 56.5
Limestone, acdium gray, finely to very finely

m crystalline; contains crinoids............... 56.5 - 57.4
Shale, dark gray............................... 57.4 - 59.0
Shale, dark gray mottled with olive............ 59.0 - 61.1
Limestone, light tannish gray, very finely

- crystalline to dense................ 61.1 - 62 4........
- Easly Creek Formation:
-'

Shale, brown................................... 62.4 - 63.0_

Shale, cream................................... 63.0 - 69.0
i Shale, pale olive.............................. 69.0 - 71.0'

Shale, , ale olive interbedded with gray........ 71.0 - 73.0
Shale, reddish brown........................... 73.0 - 76.0

-

- Shale, reddish brown interbedced with greenish
gray......................................... 76.0 - 78.0Shale, clive interbedded with sandstone, brown
fine grained................................., 78.0 - 60.0

Bader Formation:
- Middleburg Member:
-

Limestone, licht gray, fine to very finely-

crystalline; contains red and yellow; staining..................................... 80.0 - 81.5Shale, medium gray............................. 81.5 - 82.5
Limestonc, light to mediun gray, very finely-

crystalline.......... ....................... 82.5 - 84.2
Hooser Menber:
Shale, light to nedium gray.................... 84.2 - 87.5
Shale, light gray, limy........................ 87.5 - 90.0Shale, reddish brown mottled with greenish
gray......................................... 90.0 - 92.0<

- Eiss Member:
Limestone, cream, finely to coarsely crvstal-

line; contains red staining.............. 92.0 - 96.0...-

Shale, n.edium gray.. ........................ 96.0 - 105.0.

Limestone, light to medium gray, finelv 'o very
finely crystalline; contains brachiopods..... 105.0 - 106.5

Stearns Formation:
Shale, light greenish gray..................... 106.5 - 111.0

. Shale, reddish brown........................... 111.0 - 116.6
Beattie Formation:
Morrill-Florena Members:
Limestone white, very finely crystalline to

dense, interbedded with shale, greenish
gray....................................... 116.6 - 121.3.

i Cottonwood Member:
Limestone, cream, irregularly crystalline;

porous; contains fusulinids and gypsum....... 121.3 - 132.0
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Description Depth, in feet

From To
Eskridge Formation:

~~

Shale, olive gray.............................. 132.0 - 133.0
Shale, lightgray.............................. 133.0 - 137.0

Test Hole 55-78

Location: Dawnee County, SE corner sec. 12, T. 3 N., R. 12 E.,

approximately 15 feet north of south section line and
30 feet west of east section line.

Ground-level elevation: 1,156.0 feet above mean sea level.

Started: June 9, 1978. Completed: June 9, 1978.

Total depth: 257.0 feet.

Description Depth, in feet

From To
Quaternary System:

_

Soil (no camp 1e)............................... 0 - 5.0
Silt, brown, clayey............................ 5.0 - 27.0
Silt, grayish brown, clayey sandy............. 27.0 - 32.0
Silt, grayish brown, clayey.................... 32.0 - 37.0
Silt, gray, clayey...........................,. 37.0 - 47.0
Silt, medium to dark gray...................... 47.0 - 58.0
Sand, medium to very coarse, and gravel, fine

to very coarse............................... 58.0 - 76.0
Clay, brown.................................... 76.0 - 77.0
Sand, medium to very coarse, and gravel, fine

to very coarse............................... 77.0 - 98.0
Silt, medium gray.............................. 98.0 - 107.0
Silt, light gray............................... 107.0 - 120.0
Sand, fine to very coarse, and gravel, fine to
medium....................................... 120.0 - 122.0

Silt, light gray............................... 122.0 - 132.0
Silt, light gray interbedded with brown........ 132.0 - 137.0
Silt, light gray, sandy........................ 137.0 - 142.0
Sand, medium to very coarse, and gravel, fine

to medium.................................... 142.0 - 152.0

Pennsylvanian System - Virgil Series - Wabaunsee Gr7up:
Burlingame Formation-
Winnebago Member:
Shale, medium gray............................. 152.0 - 161.5

Taylor Branch Member:
Limestone, light gray, finely crystalline...... 161.5 - 164.0
Shalc, light gray.............................. 164.0 - 165.8
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Description Depth, in feet

From To
Limestone, light tannish gray, finely

~~'

crystalline to dense......................... 165.8 - 168.0
Scranton Formation: .

Cedarvale-White Cloud Members:
Shale, light to medium gray, silty............. 168.0 - 193.0
Shale, black................................... 193.0 - 194.0
Shale, light to medium gray.................... 194.0 - 197.0
Shale, light greenish gray..................... 197.0 - 199.0
Shale, light greenish gray interbedded with

olive and gray............................... 199.0 - 202.0
Shale, medium to dark gray............... ..... 202.0 - 213.5
Limectone, dark gray, finely crystalline; con-

, tains brachiopods, bryozoans, and fusulinids. 213.5 - 215.0
Shale, light gray.............................. 215.0 - 230,0

.

Limestone, brownish gray, very finely
crystalline.................................. 230.0 - 230.5

Shale, light gray.............................. 230.5 - 234.0
Limestone, brown, dense........................ 234.0 - 234.5
3 hale, light to medium gray.................... 234.5 - 242.0
Snale, medium gray, silty...................... 242.0 - 257.0

Test Hole 56-78
-

. -

Location: Richardson County, SW corner NU sec. 7, T. 3 N., R. 13 )E., approximately 2,590 feet south of north section line
and 22 feet east of west section line.

_ ]

Ground-level elevation: 1,135.0 feet above mean sea level, a
_

Started: June 12, 1978. Completed: June 12, 1978.
_

Total depth: 242.0 fect.

Description Depth, in feet -

- -

From _T _o
_

Quaternary System:
Soil ( n o s a mp l e ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 - 2.0

,

Silt, brown, clayey............................ 2.0 - 8.0
'

Sand, very fine to mediun...................... 8.0 - 62.0
_

_

Sand, very fine to very coarse, and gravel,
.fine to medium............................... 62.0 - 92.0

Sand, very fine to coarse, interbedded with -

clay, brown.................................. 92.0 - 10 d . 0 '

Silt, light brown, sandy....................... 108.0 - 130.0 '
Sand, very fine to very coarse, and

to medium.................... gravel,fine ,

130.0 - 138.0 g...........

s
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Description Depth, in feet

From T_o_

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

Shale, medium gray............................. 138.0 - 139.0
Emporia Formation:

Lin es tone , light to medium gray, finely
crystalline; contains brachiopods, crinoids,
and fusulinids............................... 139.0 - 141.0

Shale, light gray.............................. 141.0 - 142.9
Limes'~ae, lignt gray, finely to very finely

crystalline.................................. 142.9 - 143.5
Shale, light greenish gray..................... 143.5 - 144.2
Limestone, light tannish gray, finely crystal-

line to dense................................ 144.2 - 144.6
Harveyville Mer&er :
Shale, medium gray............................. 144.6 - 147.2
Reading Member:
Limestone, medium gray, finely to very finel'

crystalline; contains brachiopods, crinoids,
fusuliniJs, algal material, pyrite, and black
inclusions................................... 147.2 - 152.4

Auburn Formation:
Shale, medium gray intetbedded witb greenish

gray......................................... 152.4 - 155.5
Shale, reddish brown........................... 155.5 - 159.0

' Shale, medium gray............................. 159.0 - 176.0
Wakarusa Formation:

Lin.e s tone , medium gray, very finely crystalline,
'

contains brachiopods, crinoids, and
fusulinids........................... 176.0 - 180.0.......

; Burlingame-Soldier Creek Formations:
! Shale, light bluish gray....................... 180.0 - 184.5
: Shale, reddish brown........................... 184.5 - 186.0
| Siltstone, greenish gray....................... 386.0 - 190.0
j Shale, greenish gray mottled with olive........ 190.0 - 194.0
I Shale, medium gray............................ 194.0 - 204.0

Taylor Branch Member:
Limestone, medium to dark gray, irregularly

crystalline; contains brachiopods, crinoids,
and algal material........................ . 204.0 - 204.5

Shale, medium gray............................. 204.5 - 206.0
Limestone, light cannish gray, very finely

crystalline to dense......................... 206.0 - 208.5
Scranton Formation:
Cedarvale-White Cloud Members:
Shale, light to medium gray, silty............. 208.5 - 221.0
Shale. b1ack................................... 221.0 - 222.0
Shale, greenish gray........................... 222.0 - 225.0
Shale, greenish gray mottled with red, olive,

and yellow................................... 225.0 - 235.0
Shale light gray.............................. 235.0 - 242.0
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Test Ifole 57-78

Location: R.ichardson County, SE SE SE SE sec. 6, T. 3 N., R. 13
E., approximately 300 feet north of south section line
and 2 feet west of east section line.

Ground-level elevation: 1,110.0 feet above mean sea level.

Started: June 12, 1978. Completed: June 13, 1978.

Total depth: 212.0 feet.

Description Depth, in feet

From _T_oQuaternary System:
Soil (no sample)............................... 0 - 2.0Sand, very fine to very coarse siltclayey.......................,.....y, 2.0 - 7.0...........
Silt, brown, sandy............................. 7.0 - 17.0Sand, medium to very coarse, and gravel, fine

to coarse.......... ......................... 17.0 - 32.0
Silt, beige, clayey............................ 32.0 - 42.0
Silt, gray, clayey............................. 42.0 - 57.0Silt, medium to dark gray, clayey.............. 57.0 - 67.0
Silt, light bluish gray, clayey................ 67.0 - 82.0
Silt, light bluish gray interbedded with

yellowish green, clayey...................... 82.0 - 87.0
Silt, medium gray. clayey...................... 87.0 - 96.0
Sand, very fine to medium.. ................... 96.0 - 97.0Silt, medium gray, clayey ................... 97.0 - 107.0

Pennsylvanian System - Virgil Series - Wabaunsee Group:
Root Formation:
French Creek Member:
Shale, reddish brown........................... 107.0 - 109.0
Shale, light gray mottled with olive........... 109.0 - 113.0Shale, medium gray, interbedded with black..... 113.0 - 116.5
Sandstone, light gray, very fine grained....... 116.5 - 118.0Shale, light gray.............................. 118.0 - 127.0Shale, dark gray............................... 127.0 - 129.3Jim Creek Member:
Limastone, medium gray, very finely crystalline,

impure; contains brachiobryozoans............... pods, crinoids, and+

..................... 129.3 - 129.8
Friedrich Member:V

*
Shale, light gray.............................. 129.8 - 139.5

Stotler Formation:
Grandhaven Member:
Limestone, light gray to cream, finelv to very

finely crystalline; contains brachiopods,
crinoids, and red and green sta' 139.5 - 141.5........
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Description Depth, in feet

Fron To
Dry Flember :

-

Shale, reddish brown interbedded with gray... 141.5 - 146.2.

Limestone, light gray to cream, very finely
cyrstalline, contains black inclusions and
red and green staining. 146.2 - 149.0.....................

Shale, reddish bcoun........................... 149.0 - 152.0
Shale, reddish rrcwn, interbedded with lime-

stone, greenisP brown, dense................. 152.0 - 155.0
Shale, olive interbedded with lirr e s ;one , gray,

finely crystalline........................... 155.0 - 157.7
Shale, light to nedium gray.................... 157.7 - 167.0
Shale, light gray.............................. 16'/.0 - 177.0
Shale, light gray, silty....................... 177.0 - 184.0

Dover Member:
Lirae s tone , medium gray, finely crystalline;

contains brachiopods............. 184.0 - 184.5.. .......

Pillsbury Formation:
Sl.a l e , light gray.............................. 134.5 - 186.5
Shale, light greenish gray, interbedded with

limestone, greenish gray, dense.............. 186.5 - 190.0
Shale, olive and gray, interbedded with lire-

stone, tun, dense..................... 190.0 - 193.0......

Shale, greenish gray........................... 193.0 - 194.0
Shale, medium gray............................. 194.0 - l'3.C

Zeandale Formation:
Maple Hill Member:
Limestone, light to medium gray, finely to very

finely crystalline; contains brachiopods,
crinoids, fusulinids, and pyrite............. 190.0 - 200.5

Shale, medium to dark gray..................... 200.5 - 203.0
Limestone, nediun gray, finely crystalline;

contains brachiopods, crinoids, fusulinids,
and black carbonaceous material.............. 203.0 - 208.0

Wauego Member:
Coal, black.................................... 20E.0 - 209.5
Shale, light gray.............................. 209.5 - 212.0

Test Hole 5b-78

Location: Pawnee County, UU :orner sec. 12, T. 3 U., R. 12 E.,
approximately 61 feet south of north section line and
18 feet east of west section line.

Ground-level elevation: 1,186.0 feet above nean sea level.

Started: June 13, 1978. Completed: June 14, 1978.

Total depth: 376.0 feet.
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Description Depth, in teet

P_om _T o
Quaternary System:

Soil (no sample).... 0 - 2.0..........................

Silt, yellowish brown, clayey.................. 2.0 - 27.0
Silt, yellowish brown, sandy................ 27.0 - 32.0..

Silt, yellowish brown.......................... 32.0 - 47.0
Sand, fine to very coarse, and gravel, fine to

n,edium....................................... 47.0 - 57.0
Silt, gray to olive gray....................... 57.0 - 83.0
Sand, medium to very coarse, and gravel, very

fine to fine................................. 83.0 - 145.0
Clay, light gray............................... 145.0 - 152.0
Clay, light gray, interbedded with silt, nedium

gray......................................... 152.0 - 165.0
Sand, very fine to coarse, and gravel, very

fine to fine................................. 165.0 - 202.0

Pe rmian ( ? ) - Pennsylvanian (?) Systems:
di. ale , light gray to white..................... 202.0 - 207.0
Shale, medium to dark gra;..................... 207.0 - 216.0
Shalt, medium gray, interbedded with siltstone,

licit gray............. 216.0 - 217.2.....................

Shale, .mdium gray.................... 217.2 - 222.7........

Shale, light greenish gray..................... 222.7 - 225.0
Shale, light greenish gray interbedded with

pale red..................................... 225.0 - 227.0
Shale, greenish gray mettled with red, olive

and brown.................................... 227.0 - 235.0
Shale, light gray to thite, interbedded with

sandstone, light gray, very fine grained..... 235.0 - 240.0
Shale, light gray.............................. 240.0 - 242.0
Shale, reddish brown........................... 242.0 - 259.0
Shale, reddish brown oottled with cljve and

gray......................................... 259.0 - 263.0
Shale, medium to dark gray..................... 263.0 - 282.0
Shale, medium gray interbedded with greenish

gray, limy................................... 282.0 - 284.0
Limestone, light tannish gray, irregularly
crystalline, contains brachiopods and
crinoids..................................... 280.0 - 285.0

Shale, light greenish gray..................... 2L5.0 - 288.0
Shale, olive brown............................. 288.0 - 291.0
Shale, medium gray............................. 291.0 - 317.0
Shale, light gray.............................. 317.0 - 327.0

Pensylvanian System - Virgil Series - Wabaunsee Group:
Stotler Formation:
Dover Member:
Limestone, dark gray, finely crystalline;

contains brachiopods and pyrite.............. 327.0 - 327.6
Pillsbury formation:
Shale, light greenish gray interbedded with light
gray......................................... 327.6 - 331.0
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Description Depth, in feet

From T_o_

Shale, reddish brown mottled with olive........ 331.0 - 334.0
Shale, light gray........ 334.0 - 337.5.....................

Zeandale Formation:
Maple Hill Menier:
Limestone, medium gray, finely crystalline,

impure; contains brachiopods, crinoids,
and pyrite................................... 337.5 - 338.3

Wamego Member:
Coal, black.... 338.3 - 338.9...............................

Shale, light gray interbedded with greenish
gray......................................... 333.9 - 346.1

Sandstone, light gray, very fine grained....... 346.1 - 348.0
Shale, light gray.............................. 348.0 - 358.3

Tarkio Member:
Limestone, cream, finely crystalline; contains

fusulinids and Osagia........................ 353.3 - 365.5
Willard Formation: ,

Shale, medium gray mottled with red..... 365.5 - 370.0......

Shale, medium gray............................. 370.0 - 276.0

Test Hole 59-78

Location: Pawnee County, SW NW SW NW sec. 1, T. 3 N., R. 12 E.,
approximately 1,915 feet south of north section line and
18 feet east of west section line.

Ground-level elevation: 1,173.0 feet above mean sea level.

Started: Jane 14, 1978. Completed: June 14, 1978.

*otal deptb: 242.0 feet.

Description Dcpth, in feet

From _T _o
Quaternary System:

Soil (no sample)............................... 0 - 5.0
Silt, brown, clayey............................ 5.0 - 20.0
Sand, very fine to medium...................... 20.0 - 42.0
Sand, very fine to very coarse................. 42.0 - 72.0
Sand, very fine to very coarse, and gravel,
very fine to medium.......................... 72.0 - 107.0

Sand, very fine to medium...................... 107.0 - 135.5

.
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Description Depth, in feet

From _T _o

Permian System Big Blue Series - Council Grove Group:
Foraker Formation:
Americus Member:
Limestone, medium to dark gray, finely crys-

talline; contains brachiopods................ 135.5 - 136.0
Shale, light to medium gray.................... 136.0 - 136.2
Limestone, light to medium gray, irregularly
crystalline; contains brachiopods and
crinoids..................................... 136.2 - 138.1

Shale, b1ack................................... 138.1 - 138.5
Limestone, bluish gray, finely crystalline;

et , cains brachiopods and crinoid s . . . . . . . . . . . . 138.5 - 138.9
Admire Group:
Hamlin Fo:mation:
Oaks-Stino Members:
Shale, medium gray............................. 138.9 - 143.0
Limestone, bluish gray, finely crystalline:

contains algal material and black
inclusions................................... 143.0 - 143.5

Shale, cream to light gray, limy............... 143.5 - 145.0
Shale, light greenish gray, limy............... 145.0 - 149.0
Limestone, light greenish gray, very finely
crystalline, interbedded with shale, greenish
grav ndy.................................. 149.0 - 156.0

" ' ive mottled with green................ 156.0 - 158.0
M. orownish olive.......................... 158.0 - 161.0,

St a, light gray.............................. 161.0 163.0
Shale, medium to dark gray..................... 163.0 - 164.0
Limestone, light to medium gray, vercrystalline.......................y finely

164.0 - 164.5...........

Shale, light g ay.............................. 164.5 - 166.0
Limestone, light to medium gray, very finely
crystalline......................... 166.0 - 167.0........

Shale, medium gray............................. 167.0 - 167.9
Limestone, bluish gray, irregularly crystal-

line; contains algal material and black
inclusions................................... 167.9 - 168.5

Shale, greenish gray........................... 168.5 - 169.1
Limestone, light tannish gray, very finely
crystalline.................................. 169.1 - 170.2

Shale, reddish brown interbedded with gray..... 170.2 - 172.3
Five Point Formation:

Limestone, cream, irregularly crystalline;
contains brachiopods, algal material, and
glauconite................................... 172.3 - 173.6

West Branch Formation:
Shale, pale red interbedded with olive,

and brown............................. gray 173.6 - 180.5.......

Shale, medium gray............................. 180.5 - 182.0
Limestone, cream, irrego'arly crystalline;

contains algal meterial...................... 182.0 - 182.8
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- Description Depth, in feet

-

From T_o_
-

- Shale, medium gray............................. 182.8 - 183.0r
-

Shale, green................................... 183.0 - 185.0
Limestone, white, very finely crystalline;

interbedded with shale, greenish gray........ 185.0 - 192.0
h Shale, dark gray............................... 192.0 - 194.0
- Shale, medium to dark gray, interbedded with

limestone, gray, dense....................... 194.0 - 197.0,
' Shale, medium gray............................. 197.0 - 201.5
-

Falls City Formation:
_

Lehmer Member:
-

-

E_ Limestone, light gray, very finely crystalline,
porous; contains oolites and gypsum.......... 201.5 - 204.2

- Onaga Formation:
-

Shale, medium gray............................. 204.2 - 206.5
- Shale, greenish gray, limy..................... 206.5 - 212.0

Shale, reddish brown........................... 212.0 - 215.7
Shale, greenish gray, limy..................... 215.7 - 216.7
Shale, reddish brown........................... 216.7 - 224.1

Wood Siding Formation.
Brownville Member:
Limestone, pale yellow, finely to very finely

crysta21ine; contains brachiopods and
_ glauconite................................... 224.1 - 226.0

Pony Creek-Plumb Members:
__

Shale, light gray.............................. 226.0 - 228.0
Sandstone, light gray to greenish gray, very

fine grained................................. 228.0 - 229.0
Shale, light greenish gray..................... 229.0 - 230.0
Claystone, light greenish gray................. 230.0 - 231.0
Shale, reddish brown........................... 231.0 - 239.0
Shale, dark olive gray, interbedded with

limestone, gray, dense....................... 239.0 - 242.0

Test Hole 60-78
_

Location: Nemaha County, SE corner SW SE sec. 35, T. 4 N., R. 12
E., approximately 15 feet north of south section line
and 1,345 feet west of east section line.

Ground-level elevation: 1,203.0 feet above mean sea level.

Started: June 20, 1978. Completed: June 20, 1978.

Total depth: 148.0 feet.

., 7
-

: _' t .( I, f.L V 'A

s

156

._



. . .

. . . . _ _ .

Description Depth, in feet

From .T_oQuaternary System:
Soil ( n o s a mp l e ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 - 2.0Silt, yellowish brown, clayey.................. 2.0 - 12.0Silt, yc110wish brown, sandy................... 12.0 - 16.0Sand, fine to very coarse a gravel, very fineto medium..............,...nd

16.0 - 19.0Clay, brown.................
..................
.................. 19.0 - 24.0Silt, brownish gray, si1ty............... 24.0 - 34.0Sand, medium to very coarse.................... 34.0 - 37.0Silt, olive brown, clayey..................

.....

37.0 - 42.0Sand, medium to very coarse, and gravel, very
...

fine to coarse............. 42.0 - 59.0Silt, olive gray...............................
59.0 - 62.0Silt, medium gray............

.................
62.0 - 87.0.

Silt, dark cray................................
87.0 - 96.0.....

Silt, brown, clayey.................
..........

.......... 96.0 - 101.0
Permian System - Big Blue Series
Roca Formation: Council Grove Group:
Limestone, white t pale yellow, irregularlycrystalline.... ...........
Shale, medium gray........... ................. 101.0 - 102.0

................. 102.0 - 105.0Limestone, tannish gray, very finel
crystalline to dense.............y

105.0 - 107.1Shale, yellowish green, clayey............... . 107.1 - 116.5
..........

Red Eagle Formation: .

I!cwe Member:
Limestone, dark yellowish oran irregularlyurystalline.................ge,

Bennett Member: ................. I'6.5 - 118.0
Saalei black

............................... 118.0 - 123*0Glenrock Member:
Limestone, medium gray, finelfusulinids.........y crystalline;contains

Johnson Formation: ................. 123.0 - 124.0
Shale, light to medium gray.................... 124.0 - 126.5Shale, light bluish gray, silt
Shale, light beige............y................ 126.5 - 131.5

Foraker Formation: ................. 131.5 - 135.6
Limestone, pale olive, ficrystalline.............nely to very finely

................ 135.6 - 137.0No sample, lost circulation............... ....

137.0 - 148.0....
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Test Hole 61-78

Location: Nemaha County, SW corner sec. 36, T. 4 N., R. 12 E.,

approximately 10 feet north cf south section line and 35
feet east of west section line.

Ground-level elevation: 1,178.0 feet above nean sea level.

Started: June 21, 1978. Completed: June 21, 1978.

Total depth: 242.0 feet.

Description Depth, in feet

ToFrom
-

Quaternary System:
0- 2.0Soil ( n o s amp l e ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Silt, grayish brown, clayey, sandy............. 2.0 - 17.0

Sand, fine to very coarse and gravel, very
fine to medium............................... 17.0 - 28.0

Silt, dark olive gray.......................... 28.0 - 42.0
42.0 - 57.0Silt, medium gray..............................
57.0 - 75.0Silt, pale brown...............................

Permian System - Big Blue Series - Council Grove Group:
Roca Formation:

Limestone, white to yellow, finely crystalline,
interbedded with shale, pale yellow.. 75.0 - 79.2.......

Shale, reddish brown mottled with pale creen... 79.2 - 82.5

' hale, pale green, interbedded with limestone,
.an , dense................................... 82.5 - 84.2

Shale, pale green mottled with red....... 84.2 - 88.0.....

Shale, pale green to light olive............... 88.0 - 93.0

Red Eaole Formation:
Howe Member:
Limestone, pale yellow, finely crystalline,

93.0 - 96.3porous, vuggy................................
Bennett Member:
Shale, brownish gray, silty.................... 96.3 - 101.5

Glenrock Member:
Limestone, pale yellow, finely to very finely

101.5 - 102.3crystalline, porous..........................
Johnson Formation:

Shale, pale olive............................. 102.3 - 116.5

Foraker Formation:
Long Creek Member:
Limestone, pale yellow, finely to very finely

crystalline, porous, vuggy................... 116.5 - 122.0
Hughes Creek Member:
Shale, light to mediun gray, limy.............. 122.0 - 127.0
Shale, medium gray............................. 127.0 - 137.0
Limestone, dark gray, very finely crystalline;

contains brachiopods......................... 137.0 - 137.9
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Description Depth, in feet

From To
__

Shale, dark gray to black...................... 137.9 _ 140.0Limestone, light to medium gray, very finely
crystalline; contains brachio

140.0 - 141.5Shale, medium gray............. pods............
................ 141.5 - 146.7Shale, light gray, interbedded with limestone,

light gray, dense................ 146.7 - 149.5Shale, medium gray.............................
149.5 - 153.5............Limestone, light to medium gray, finely

crystalline; contains brachiocrinoids..................... pods and
153.5 - 155.2....S h a '.e , nedium gray............................. 155.2 - 161.7............Americus Member:

Limestone, medium to dark gray, finely
crystalline; contains brachiocrinoids..................... pods and

................ 161.7 - 162.7Shale, dark gray to black...................... 162.7 - 163.3L i .ne s tone , bluish gray, finely crystalline;
contains brachiopods and crinoids............ 163.3 - 164.2Admire Group:

Hamlin Formation:
Oaks-; tine Members:
Shale, medium gray............................. 164.2 - 169.0Shale, light gray, liny........................ 169.0 - 176.0Shale, light greenish gray, interbedd

dense..............ed withlimestone, tan,
176.0 - 182.0Shale, light gray interbedded with olive....... 192.0 - 185.0

..........

Shale, light to medium gra
Shale, pale brown.........y, limy.............. 185.0 _ 195.0

..................... 195.0 - 196.0Shale, '.ight greenish gr(
................... 196.0 - 197.3Five Poir.t Formation:

Limestone, cream, irregularly crystalline;
contains brachiopods, algal material a
g l a u c o n i t e . . . . . . . . . . . . . . . . . . . . . . . . . . ,. . .n d

197.3 - 199.2West Branch Formation: ......

Shale, pale brown and greenish gray, interbedded
with limestone, gray, dense....

............. 199.2 - 202.0Shale, olive mottled with red, and
gray.........................

green,

202.0 - 205.0...
Shale, medium gray................

............

............ 205.0 - 207.7Limestone, light greenish gray, finely
crystalline; contains brachio

Shale, medium gray............. pods............ 207.7 - 208.5
................ 208.5 - 212.0Shale, light greenish gray, limy............... 212.0 - 218.0Shale, medium to light gray, limy.............. 218.0 - 227.0Falls City Formation:

Lehmer Member:
Limestone, dark gray, pebbly texture; contains

pseudo-oolites, interbedded with limestone ,
medium to dark gray,crystalline.............y finelyver

..................... 227.0 - 232.0
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Description Depth, in feet

From To
Onaga F ormation:

Shale, light greenish gray..................... 232.0 - 235.0
Shale, pale red, limy.......................... 235.0 - 242.0

t

Test Ilole 62-78

Location: Nemaha Count', SW corner sec. 35, T. 4 N., R. 12 E.,j

approximately 67 feet north of south section line and
24 feet east of west section line.

Ground-level el 7 tion: 1,240.0 feet above nean sea level.

Started: June 2 1978. Completed: June 22, 1978.,

Total ciepth: 250.0 feet.

Description Depth, in feet

From T_o_

Quaternary System:
Soil (no sample)............................... 0 - 3.0
Silt, reddish brown, clayey.................... 3.0 - 10.0
Sand, fine to very coarse...................... 10.0 - 14.0
Silt, light brown, clayey, sandy............... 14.0 - 37.0
Clay, yellowish brown, silty................... 37.0 - 42.0
Silt, brownish gray, 3andy..................... 42.0 - 67.0
Sand, very fine to medium...................... 67.0 - 92.0
Sand, very fine to coarse and gravel, very fine

to coarse.................................... 92.0 - 107.0
Sand, very coarse, and gravel, very fine to

coarse....................................... 107.0 - 137.0
Sand, medium to very coarse, and gravel, very

fine to fine................................. 137.0 - 217.0
Sand, medium to coarse, and gravel, very fine

to very coarse............................... 217.0 - 227.0

Pennsylvanian System - Virgil Series - Wabaunsee Group:
Zeandale Forrr.ation:
Wamego Member:
Shale, medium gray. 227.0 - 230.4..........................

Tarkio Member:
Limestone, cream, irregularly crystalliner
contains fusulinids and Osagia............... 230.4 - 237.5

Willard Formation:
Shale, reddish brown mottled with gray, green

and olive.................................... 237.5 - 239.0
Shale, light bluish gray, silt3................ 239.0 - 242.0
Shale, medium gray............................. 242.0 - 250.0
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Test IIole 6 3-78

Location: Richardson County, SW SW NW NW sec. 34, T. 3 N., R. 13L., approximately 1,205 feet south of north section line
and 20 feet east of west section line.

Ground-level elevation: 1,103.0 feet above mean sea level.
Started' June 23, 1978. Completed: June 23, 1978.

Total depth: 205.0 feet.

Description Depth, in feet

From T _oQuaternary Sys tem: _

Soil (no sample)............................... 0- 2.0Silt, reddish brown, clayey.................... 2.0 - 7.0Silt, yellowich brown, clayey.............. 7.0 - 11.0Silt, grayish brown........................
...

11.0 - 17.0Silt, light brown.............................. 17.0 - 31.0. ..

Permian (?) - Pennsylvanian (?) Systems:
Limestone, brownish gray, irregularly crystal-

line; contains fossil fragments.............. 31.0 - 32.0Shale, reddish brown................. 32.0 - 35.CShale, pale olive....................
.........

35.0 - 40.0Limestone, yellowish brown, finely crystalline-.........

contains brachiopods....................... 40.0 - 41.2Shale, olive-gray............................. 41.2 - 46.0Shale, medium to light gray.................... 46.0 - 62.0Shale, medium gray, silty, sandy............... 62.0 - 114.2Sandstone, medium gray, very fine grained...... 114.2 - 116.0Shale, greenish gray, silt limy.............. 116.0 - 122.0Shale, medium gray........y,
..................... 122.0 - 127.3

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

Maple Ifill Member:

Limestone, dark gray, very finely crystalline;
contains brachiopods, crinoids, fusulinids,
and pyrite..

................................ 127.5 - 128.5Wamego :lember:
Coal, b1ack.................................... 128.5 - 129.3Sandstone, gray to greenishgrained................... gray, very fine

................... 129.3 - 133.3Shale, light gray, silty....................... 133.3 - 146.1Tarkio Member:
Limestone, medium tc dark gray, irregularly

crystalline, pebbly, impure; contains
fossil fragments............................. 146.1 - 146.7Shale, greenish gray, interbedded w

dense.......................ith limestone,tan,
146.7 - 149.2............

504 2_ 1e1
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Description Depth, in feet

From _To_

Limestone, light gr. to cream, very finely tc
irregule.rly cryst .lline; contains fusulinids,
Osagia. and glauconite....................... 149.2 - 152.0

Willard F;rmation:

Shale, light gray to greenish gray, silty,
sandy, limy.......................... 152.0 - 157.0.......

Shale, medium gray, silty................... 157.0 - 133.4..

Emporia Formation:
Elmont Member:
Limestone, medium gray to tannish gray, irrogu-

larly to very finely crystalline; contains
brachiopods and crinoids..................... 183.4 - 185.5

Shale, medium gray............................. 185.5 - 188.0
Limestone, light greenish gray to tannish gray,

very finely crystalline................... 188.0 - 190.2..

IIarveyville Member:
Shale, dark greenish gray...................... 190.2 193.8

Reading Member:
Limestone, medium gray, very finely crystal-

line; contains brachiopods and crinoids...... 193.8 - 196.5
Shale, dark gray............................... 196.5 - 197.8
Limestone, medium gray, irregularly crystal-

line; contains brachiopods................... 197.0 - 198.2
Auburn Formation:

Shale, medium gray interbedded with greenish
gray, limy................................... 198.2 - 201.0

Shale, reddish brown........................... 201.0 - 205.0

Test Hole 64-78

Location: Richardson County, SE corner SU SW sec. 4, T. 2 N., R.

13 E., approximately 22 feet north of south section
line and 1,285 feet east of west section line.

Ground-level elevation: 985.0 feet above mean sea level.

Started: June 23, 1978. Completed: June 23, 1978.

Total depth: 107.0 feet.
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Description Depth, in feet

From To
Quaternary System: -~

Soil (no sample)............................... 0- 5.0
Silt, light brown, clayey...................... 5.0 - 17.0
Silt, gray to greenish gray........ .......... 17.0 - 28.0
Sand, fine to very coarse, and gravel, ver

to medium..........................yfine
.... 28.0 - 32.0

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

Shale, medium gray, silty...................... 32.0 - 59.0Emporia Formation:
Llmont Member:
Limestone, light brownish gray, very finely
crystalline; contains brachio 59.0 - 61.5Shale, uedium gray............. pods............

61.5 - 62.7................
Limestone, light gray, finely to very finely

crystalline; contains calcite crystals....... 62.7 - 64.0Shale, light greenish gray..................... 64.0 - 64.5Limestone, light greenish gracrystalline................y, very finely
.................. 64.5 - 65.0IIarveyville Member:

Shale, mediun gray............................. 65.0 - 68.2Reading Member:

Limestone, hedium gray to tannish gray, finely
to very finely crystalline; cor.tain s
brachiopods, crinoids, algal materials, and
pyrite interbedded with shale, gray......... 68.2 - 73.5Auburn Formation:

Shale, .a e d i um g r a y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73.5 - 76.0Shale, reddish
brown........................... 76.0 - 81.0Shale, olive to greenish gra 81.0 - 83.0Shale, medium gray..........y..................

................... 83.0 - 96.0Wakarusa Formation:
Limestone, light to medium bluish gray, finely

crystalline; contains brachio
and fusulinids............... pods, crinoids,

96.0 - 100.0................Soldier Creek Formation:
Shale, medium gray to dark greenish gray....... 100.0 - 107.0

50a 274
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