RESOURCE REPORT

NUMBER 3 NovemMBER 1970

OCCURRENCE OF GYPSUM IN THE
JOHNSON SHALE (PERMIAN)
IN NEMAHA COUNTY, NEBRASKA

By

R. R. BURCHETT

PUBLISHED BY THE UNIVERSITY OF NEBRASKA
CONSERVATION AND SURVEY DIVISION, LINCOLN



THE UNIVERSITY OF NEBRASKA

D. B. VARNER, Chancellor
JosEPH SOSHNIK, President,
Lincoln Campuses and Outstate Activities

BOARD OF REGENTS

RoBerT RAUN, Minden, Pres. J. G. ErLiOTT, Scottsbluft
B. N. GreEENBERG, M.D., York, Vice Pres. RicHArRp HErRMAN, Omaha
RicHARD ADKINS, Osmond EDWARD SCHWARTZKOPF, lL.incoln

CONSERVATION AND SURVEY DIVISION

V. H. DreEszen, Director and State Geologist
M. P. CARrLSON, Asst. Director and Principal Geologist
J. A. ELDER, Principal Soil Scientist
R. R. BurcHETT, Research Geologist
W. J. BurreiNp, Hydrogeologist
H. M. DeGraw, Research Geologist
J. W. Gokke, Hydrogeologist
R. W. HANSEN, Basic-Data Supervisor
R. K. PaBiaN, Mineralogist
E. C. REED, Research Geologist
V. L. Soupers, Hydrogeologist
F. A. SmitH, Hydrogeologist
J. B. SwiNeHART, 11, Research Geologist
J. P. LeacH, Chief Cartographer
P. L. Povyner, Cartographer
E. P. DeBus, Drill Machine Operator
MAR JORIE SEIDEL, Asst. to the Directors
Doris Peasoby, Secretary
ARDETH STEINHAUER, Secretary

The Conservation and Survey Division of the University is the agency desig-
nated by statute to investigate and interpret the geologically related natural
resources of the state, to make available to the public the results of these investi-
gations, and to assist in the development and conservation of these resources.

The Division is authorized to enter into agreements with federal agencies to
engage in cooperative surveys and investigations in the state. Publications of the
Division and the cooperating agencies are available from the Conservation and
Survey Division, University of Nebraska, Lincoln 68508.

Publication and price lists are furnished upon request.



CONTENTS

Page
Abstract ... ... D e G e e e 1
Introduction e e e, 1
Location of Area L O SU PP 1
General Geology ... ... . OV PPPP T |
Bedrock Geology .. ... . ... OO 1
Structural Geology ... ... .. . .. . .. e . 3
Occurrence and Production of Gypsum in Central United States ... ... .3
Occurrence of Gypsum in Nemaha County, Nebraska 13
X-Ray Sample Analyses e e e 13
Conclusions . .. . . . : D P PRPON 13
Selected References . e s 17
Appendix (Logs of Test Holes) . . C e e 19
ILLUSTRATIONS
Figure Page
1. Topographic Map of Nemaha County, Nebraska, Showing Location of
Test Holes and Probable Area of Gypsum Occurrence ... ......... opposite 1
2. Bedrock Configuration Map of Nemaha County, Nebraska . ... ... 2
3. Geologic Bedrock Map of Nemaha County, Nebraska .. ... ... 6
4. Composite Section of Permian Rocks in Nemaha County, Nebraska ... 7
5. Structural Contour Map on the Base of the Kansas City Group (Base,
Hertha Limestone) in Nemaha County, Nebraska .. . PRI 8
6. Structural Contour Map on the Base of the Johnson Shale (Permian) in
Southwestern Nemaha County, Nebraska ... e, S 9
7. Gypsum Mines in Central United States PSPPI 11
8. North-South Stratigraphic Cross Section Near the Center of Nemaha
County, Nebraska SO PP PN 14
9. Electric Log of Test Hole 17-B-67 Showmg Gypsum in the ]ohnson Shale
Interval . . C e PR 15
10. X Ray Diffractogram of GypSum Samples from Test Hole 25-B-70 16
TABLES
Page
1. Production of Gypsum and Gypsum Products in the United States in 1967

and 1968 ...



ZwmA
|

P

fon Pa

Zo

RI12E

TOPOGRAPHIC

iJand
ral—

0 < F—
5 ILT Tﬁ X Contour Interval 50 Feet
e | Datum Mean Sea Level
] S S y S
—~r~1000 "
vﬂ
Contour Line and Elevation
e 25-B-70
W)
} st - C8 Test Hole Location
v AR and Designation
,( [ % : N p
TG 3 T 71/
; vl Wi |
o L g Probable Area of
%A E Gypsum  Occurrence
. i |
emah
j Im! e L7 0
RZ1E e
IR
b 7 —‘ ; o —_—
) TL\(\ i %‘H{'/%Rr 75
: 17J é‘jﬂi&? pull &1
RI3E RI4E RISE RIGE
S 3 10 MILES
| 1 ¥ 3
Scale
MAP OF NEMAHA COUNTY, NEBRASKA, SHOWING

LOCATION OF TEST HOLES AND PROBABLE AREA OF GYPSUM OCCURRENCE

Figure |



OCCURRENCE OF GYPSUM IN THE
JOHNSON SHALE (PERMIAN) IN
NEMAHA COUNTY, NEBRASKA

ABSTRACT

Recent subsurface investigation in Nemaha County has led to the discovery
of a gypsum bed in the lower part of the Johnson Shale (Permian). The gypsum
bed is about 10 feet thick and may cover approximately 118 square miles. This
report presents the geological and structural framework of this gypsum occur-
rence and suggests the necessity for additional exploration and drilling to deter-
mine the economic feasibility of development.

INTRODUCTION

Investigation of the Johnson Shale in Nemaha County began well over
100 years ago with study and mapping of the surface exposures. Since that
time, much more information has become available on the geology of Nemaha
County from continued surficial studies and subsurface investigation. Recent
subsurface investigation has led to the discovery of gypsum in the southwestern
portion of the county in the lower part of the Johnson Shale (Permian).

It is the purpose of this report to call attention to the gypsum-mining poten-
tial in Nemaha County, and to encourage further study and development of
this resource.

Much of the geological and structural information that is available on the
area is included in this report. Summary logs of test holes, including a detailed
description of the Johnson Shale, are given in the Appendix. The test holes
were drilled in cooperation with the Water Resources Division, U.S. Geological
Survey, as a part of the statewide program of groundwater exploration. Also
included in the report are X-ray analyses of gypsum samples made by the De-
partment of Geology, University of Nebraska.

LOCATION OF AREA

A topographic map of Nemaha County (see Figure 1) shows the area in the
southwestern part of the county where gypsum deposits probably may be found,
and also indicates the location of rotary test holes drilled by the Conservation
and Survey Division. Descriptions of these test holes are presented as an Appendix
to this report.

GENERAL GEOLOGY
Bedrock Geology

Bedrock is the consolidated rock at the surface or immediately below the soil
and unconsolidated mantlerock. A configuration map of the bedrock in Nemaha
County is shown in Figure 2. The map is based on information obtained from
systematic test drilling as a part of the statewide cooperative groundwater-
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investigation program, supplemented by studies of surface exposures and other
well records and samples. An understanding of the configuration of the bedrock
surface in Nemaha County and adjacent areas has been of great importance
and usefulness in finding groundwater supplies. This information is also useful
in determining the depth to and the location of rock or mineral deposits such
as sand and gravel, limestone, shale, coal, and gypsum. Elevations on top of the
bedrock range from less than 800 feet above mean sea level just south of the
town of Nemaha in eastern Nemaha County to more than 1150 feet above sea
level in the western part of the county. The greatest depth to bedrock in Nemaha
County is over 300 feet below the present-day land surface. Another use of
information gained from the bedrock configuration map, in conjunction with
surface studies, is in preparing a bedrock geologic map that will aid mineral-
resource exploration. A geologic bedrock map of Nemaha County, illustrated in
Figure 3, shows the distribution of groups ranging from younger Permian to
the older Pennsylvanian-age rocks. Outcropping areas of bedrock, generally occur-
ring along the valley sides, are shown in solid black. Most of the upland and
valley lowland areas are mantled by variable thicknesses of Quaternary deposits.

A composite section of the rocks of Permian age that are exposed or occur
in the subsurface of Nemaha County and their relationship to the complete
Permian section of Nebraska are shown in Figure 4.

Structural Geology

The general bedrock structure in Nemaha County is shown by the structural
contour map on the base of the Hertha Limestone (Pennsylvanian) (Figure 5).
Sedimentary rocks in this county lie within the Forest City Basin. The deepest
part of this Basin is just into Richardson County to the south. The faulted east-
ern flank of the Table Rock Arch is present in the extreme western part of
Nemaha County. Structure in the area of gypsum potential, as shown in Figure
5, indicates minor folding in southwestern Nemaha County with regional dip
into the Forest City Basin.

The local structure, as shown in Figure 6, was determined from elevations
on the base of the Johnson Shale (Permian). These elevations were based on
information from outcrop study, shallow drilling data, and oil tests, and over
much of the study area would represent the base of the gypsum. From this map
it is evident that the dip and strike vary considerably in southwestern Nemaha
County.

OCCURRENCE AND PRODUCTION OF GYPSUM
IN CENTRAL UNITED STATES

Gypsum is a widely distributed mineral in the United States and has been
produced chiefly in areas of dense population.

Gypsum is mined in the surrounding states of Colorado, Kansas, Iowa, and
South Dakota (see Figure 7). Gypsum production, based on figures of the U.S.
Bureau of Mines for the United States in 1967 and 1968 (Allsman, 1969) is shown
in Table 1. Total gypsum production in 1968 reached 10 million tons from 76
active mines, 59 of which were open pit, 16 were underground, and one was both.






TapLE. 1. Production of Gypsum and Gypsum Products in the United States in
1967 and 1968. (Thousand short tons and thousand dollars).

1967 1968
Use Quantity Value Quantity Value
Uncalcined:
Portland-cement retarder ................. 3,154 $14,704 3,439 $16,037
Agricultural gypsum ......... .. ... 1,280 5,466 1,388 6.222
Other uses' ... ciiiiii i 77 712 108 886
Total .. 4511 20,882 4,935 23,145
Calcinated (industrial):
Plate-glass and terra-cotta plasters ......... 33 498 30 464
Pottery plasters ............... .ol 50 1,246 54 1,400
Dental and orthopedic plasters ............ 15 614 15 624
Industrial molding, art, and casting plasters 108 2,408 119 3,078
Other industrial uses? ... ... ... ... 87 3,522 83 3,348
Total ... 293 8,288 301 8,914
Building:
Plasters:
Basccoal ... 561 10,928 536 10,522
Veneer plaster (basccoat and finishes). .. 34 1,664 46 2,315
Mill-mixed basecoats (sanded and perlited) 328 8,485 301 7,977
To mixing plants ..................... w w w w
Gaging and molding .................. 80 2,006 76 1,974
Prepared fimishes ............ ... ... ..., 8 758 8 694
Roof deck ................... .. ... .. 334 5,582 319 5,432
Keene's cement . ...l 16 462 17 517
Other? .o 12 583 11 576
Total ... 1,373 30,468 1,314 30,007
Prefabricated productst ................... 7,647° 302,630 8,776 342,673
Total ... 333,098 372,680
Grand total, value ..................... 362,268 404,739

W Withheld to avoid disclosing individual company confidential data; included with ‘‘Other.”

1 Includes uncalcined gypsum for use in filler and rock dust, in brewer’s fixe, in color manufacture, and
for unspecified uses.

2 Includes dead-burned filler, granite polishing, and miscellaneous uses.

4 Includes joint filler; patching, painter's, insulating, and unclassified building plasters; and quantity and
value indicated by symbol W.

+ Excludes tile.
5 Includes weight of paper, metal, or other materials.
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OCCURRENCE OF GYPSUM IN
NEMAHA COUNTY, NEBRASKA

Although thick deposits of gypsum are not exposed in Nemaha County,
Nebraska, subsurface drilling along a north-south line in southwestern Nemaha
County indicates that gypsum is present in the lower part of the Johnson Shale
8 to 10 feet in thickness and extending for a distance of about 9 miles. The
descriptions of these test holes are presented in the Appendix. A north-south
cross section summarizing the drilling across the southwestern part of the county
is shown in Figure 8. Electric logs of the test holes indicate that no thick shale
seams occur within the main body ot the gypsum where drilled. A typical electric
log showing the gypsum in Test Hole 17-B-67 is shown in Figure 9.

X-RAY SAMPLE ANALYSES

Samples from Test Hole 25-B-70 from a depth of 95.7 to 105.0 feet were
analyzed by Dr. Samuel B. Treves of the University of Nebraska Geology
Department.

Ten grams of wet sample were dried at 100° Centigrade for approximately
three hours and then pulverized. X-ray analyses were then accomplished by a
General Electric XRDb5 unit using nickel-filtered copper radiation.

Results of these analyses show that the samples are almost pure gypsum
with traces of quartz and clay. See Figure 10.

CONCLUSIONS

Gypsum and anhydrite normally occur as sedimentary strata precipitated
from saline water and generally have a wide lateral extent because of their
sedimentary mode of origin. Using this as a hypothesis, it is predicted that gypsum
deposits in southwestern Nemaha County could cover as much as 118 square
miles and have a thickness of 8 to 10 feet.

The gypsum bed in the rotary-drilled test holes (see Appendix) is white and,
based upon the X-Ray analyses of samples from Test Hole 25-B-70, appears to
be sufficiently pure for the manufacture of gypsum products.

The maximum thickness of overburden in the area of probable gypsum is
believed to be about 350 feet. However, detailed exploration may result in
finding areas suitable for stripping. Thick deposits of gypsum are not exposed
in the outcrops, probably due to the fact that the gypsum is readily leached
away when exposed to weathering.

Adequate service facilities including highways, railroads, gas, and electricity
are available in the area.

Development of this deposit as a gypsum source requires a more thorough
investigation than this study has entailed. Chemical and physical testing of the
gypsum to determine its quality would be required. Core drilling on the site
would be necessary to determine thickness, purity, and uniformity of the gypsum,
the thickness of overburden, groundwater conditions, and areal extent of the
deposit.

13



14!

+975

N

North South
~
TSN, © 4N, ,
+1175 3N & TAN |
~
- I
- |
3 |
b
<
+1150 b !
1
1
+1125 BEATTIE
~
© ~
< @
L @
h @
+1100 A
)
e
¢ H
N
b -
+1075 S
N
+1050
—— s o
$ oz =
A S 2 o
—
(2]
+1025 S >
RECENT AND | PLEISTOCENE n
(cloy,silt, sand|and gravel )
>
ROCA S
z
+1000 [4
w
(=
<«
>
<]

= \\%
’1]
-
+950 | -
> 1
<
=2 l
x
L -
e " \\:
+900
+875 ADMIRE GROUP M\
+ 850

PERMIAN SYSTEM

+ 175

+ 1150

+ 1125

+ 1100

+ 1075

+ 1050

+1025

+ 1000

+ 975

+ 950

+925

+ 900

+875

+ 850

NORTH-SOUTH STRATIGRAPHIC
CROSS SECTION NEAR THE
CENTER OF NEMAHA COUNTY,
NEBRASKA

INDEX MAP OF NEMAHA COUNTY,SHOWING
TEST HOLES, AND LINE OF CROSS SECTION

N
. \
[ R ————
'~
T 2 N
6
N (
| \
15-8-67 |
T, | is5-a-672)]| . AususN *
g 15--67 (2), v )
5
M 15-A-67 (1) re»%w \
. 25-8-70 \
17-8-67 )
; | 16-a-67 ';/"
4 —a-
'
N 17-a-67 AN
I__ I : 2 R P (N
RI2E. RI3E RI4E. RISE. RIGE.

EXPLANATION
Datum Mean Sea Leve/

g Limestone
D Shale
[]I[]:[l Gypsum

Fig

ure 8




ELECTRIC LOG OF TEST HOLE 1[7-B-67 SHOWING
GYPSUM IN THE JOHNSON SHALE INTERVAL

Location: NW-NW-NW-NW Sec. 6, T 4 N, R. 14 E., Nemaha County, Nebraska

GROUP

SYSTEM
SERIES

BLUE
GROVE

PERMIAN

BIG
COUNCIL

Total Depth: 270.5 feet Elevation: 11656 feet (ground level)
T T~ =~~~ =~ 7 7 7 7 TSponfaneous Pofenfiai |~ [ Resistivity ]
wl
(L]
=
(2 — 100—
>
w
15)
f
<
-
o
2
wl
14
(&) /‘
==
—
=
]
S 150 —
=
19
o
('
<
O
e}
o
4 =
0
L COf
- <||
e
=
o
2]
=
o= 200
o ’_IW
o
=
=)
l...
<<
s
o
o
'S

FORAKER

— 250—

'ADMIRE

!

IHAMLIN
|
I
|
|
|
I
1|
|
|
|
|
L
|
|
t
MY
|
|
I
|
|
|
|
I
|
I
|
|
|
|
|
L




91

INTENSITY

29.2°

.70

Depth 957 - 100.0 feet

234°

nrze

Depth 100.0-105.0 feet

234°

10.5°

35 30

25

20 15
| | | | | I 1 1 | | |

X-Ray

Diffractogram

DEGREES 2 ©

of Gypsum Samples from Test Hole 25-B-70.

Figure 10



SELECTED REFERENCES

Allsman, P. L., 1969, Gypsum: Minerals Yearbook 1968, p. 559-570.

Burchett, R. R., 1968, Directory of Nebraska quarries, pits, and mines: Nebraska
Geol. Survey Resource Report No. 1, 29 p.

————— , Comp., 1969, Geologic bedrock map of Nebraska: Nebraska Geol.
Survey: Scale 1:1,000,000.

————— , 1970, Guidebook to the geology along the Missouri River bluffs of
southeastern Nebraska and adjacent areas: Nebraska Geol. Survey Guide-
book, 21 p.

————— , and Carlson, M. P., 1966, Twelve maps summarizing the geologic
framework of southeastern Nebraska: Nebraska Geol. Survey Rept. of
Invest. No. 1, 14 p.

————— , and Reed, E. C., 1967, Centennial guidebook to the geology of south-
eastern Nebraska: Nebraska Geol. Survey Guidebook, 83 p.

Condra, G. E, and Reed, E. C., 1959, The geological section of Nebraska: Ne-
braska Geol. Survey Bull. No. 14A, 92 p.

Hornady, A. C., 1932, Geology of Nemaha County, Nebraska: University of
Nebraska, Lincoln, Unpublished M.Sc. Thesis.

Kottlowski, F. E., and Foster, R. W., Comp. and Ed., 1969, Exploration for
mineral resources: New Mexico Bureau of Mines and Mineral Resources
Cir. No. 101, 126 p.

Kulstad, R. O., Fairchild, P., and McGregor, D., 1956, Gypsum in Kansas:
Kansas Geol. Survey Bull. No. 113, 110 p.

McGregor, D. J., 1954, Gypsum and anhydrite deposits in southwestern Indiana:
Indiana Geol. Survey Rept. of Progress No. 8, 24 p.

Scott, G. J,, Jr., and Ham, W. E., 1957, Geology and gypsum resources of the
Carter area, Oklahoma: Oklahoma Geological Survey Circ. No. 42, 64 p.

Sendlein, L.V.A., 1968, Geology of U.S. Gypsum Company’s Sperry Mine: in
a field trip guidebook prepared for the second annual meeting of the North-
Central Section of the Geological Society of America (Walter L. Steinhilber,
Editor), University of Iowa, lowa City, Iowa, p. 1-17.

Wilder, F. A, 1918, Gypsum: Iowa Geol. Survey vol. XXVIII, p. 47-558.

17






APPENDIX

TEST HOLE AH-18-70

Location: C-EL-NE-NW-SE sec. 35, T. 4 N, R. 12 E, Nemaha County, Nebraska.
Total Depth: 57.0 feet.
Elevation: 1118.0 feet (ground level).

Depth (feet)
Quaternary System

® Recent and PleiStOCene SEIis .. ..........vueourieneaneoneoneansennenns 0.0- 95

Permian System
Big Blue Series
Council Grove Group
Foraker Limestone Formation

Long Creek Limestone Member .................... ... oo .. 95- 115
Hughes Creek Shale Member ................ ... ..o i, 11.5- 57.0
Americus Limestone Member (no penetration) ...................... 57.0

TEST HOLE 16-A-67

Location: 267 feet south of north section line, 6.5 feet west of east section line (NE-NE-NE
sec. 13, T. 4 N, R. 13 E)), Nemaha County, Nebraska.

Total Depth: 11100 feet.

Elevation: 10334 feet (ground level).

Depth (feet)
Quaternary System

Recent and Pleistocene Seri€s .. ...........ouuevririrenennennenenunnnns 0.0- 444

Permian System
Big Blue Series
Council Grove Group

Roca Shale Formation ...............ciiiiiiniiiiiniiiiniineiaenann 44.4- 62.2
Red Eagle Limestone Formation
Howe Limestone Member ................. .. ... .. it 62.2- 64.0
Bennett Shale Member ...............ciiiiiiiiiiiiiii i, 64.0- 72.7
Glenrock Limestone Member ...................... ... ... .. 72.7- 74.0
Johnson Shale Formation
Shale, very light-gray with interbedded limestone scams .......... 74.0- 76.4
Shale, light greenish-gray ................ ... ... i 76.4- 85.2
Shale, light greenish-gray with interbedded limestone seams ...... 85.2- 86.9
Gypsum, white with interbedded light greenish-gray shale ....... 86.9— 90.0
Shale, light greenish-gray ................... .. ... ... . 90.0- 92.0
Gypsum, white with interbedded light greenish-gray shale and light
brownish-gray dolomitic limestone ........................... 92.0- 96.0
Gypsum, white ...... ... 96.0-100.0
Foraker Limestone Formation
Long Creek Limestone Member ..................... ... ..., 100.0-108.5
Hughes Creek Shale Member ........... ... ... ... .. ... i 108.5-110.0

TEST HOLE 17-B-67

Location: 198 feet south of north section line, 8.5 feet east of west section line (NW-NW-NW-
NW sec. 6, T. 4 N, R. 14 E), Nemaha County, Nebraska.

Total Depth: 270.5 feet.

Elevation: 1165.6 feet (ground level.

Depth (feet)
Quaternary System

Recent and Pleistocene Series . ...........viirvieieenneeenineeeannons 0.0- 67.0

Permian System
Big Blue Series
Council Grove Group
Eskridge Shale Formation ..................ccciiiiiiiiin i, 67.0-107.4
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17-B-67 (continued)

Grenola Limestone Formation

Neva Limestone Member ...........coiiiiiieniiieiiiiieainenan.. 107.4-122.3
Salem Point Shale Member ........... ... ... .. i, 122.8-127.3
Burr Limestone-Legion Shale-Sallyards Limestone Members ......... 127.3-1374
Roca Shale Formation ..............oiiiiiiiiiiiiiiiii i 137.4-173.5
Red Eagle Limestone Formation
Howe Limestone Member ........... .. ... ... oo i, 173.5-176.5
Bennett Shale Member .......... ... ... i i 176.5-185.0
Glenrock Limestone Member ........ ... .. ... .. o 185.0-186.1
Johnson Shale Formation
Shale, light greenish-gray with interbedded gray limestone scams. . 186.1-191.1
Shale, light greenish-gray ...................... . ... ... .. 191.1-196.6
Gypsum, white ... .. ... ... 196.6-197.5
Shale, light greenish-gray ...................................... 197.5-198.8
Gypsum, white with interbedded light greenish-gray shale ....... .. 198.8-200.0
Gypsum, white ....... .. ... 200.0-209.9
Foraker Limestone Formation
Long Creck Limestone Member ................................. ... 209.9-220.0
Hughes Creek Shale Member ...................................... 220.0-259.4
Americus Limestone Member ........ ... .. . i i 259.4-261.1

Admire Group
Hamlin Shale Formation
Qaks Shale Member ...... ...t e i 261.1-270.5

TEST HOLE AH-16-70

Location: 370 feet south of the north section line, 6.0 feet west of the east section line (NE-
NE-NE scc. 10, T. 4 N, R. 14 E)), Nemaha County, Nebraska.
Total Depth: 30.5 feet.
Flevation: 999.5 feet (ground level).
Depth (feet)
Quatcrnary System
Recent and Pleistocene Series . ........c.viiiirn i iieeiinn, 0.0- 115

Permian System
Big Blue Series
Council Grove Group
Johnson Shale Formation

Shale, pale-olive .......... ... ... . ... 115- 18.0
Shale, pale-olive, with gypsum nodules ................ ... ... 18.0- 21.5
Shale, pale-olive mottled yellowish-brown ....................... 21.5- 25.0
Shale, pale-olive mottled yellowish-brown with greenish-gray lime-

SEOME  SCAIMIS .« et vt e et et ettt e e et e et e e 25.0- 26.0
Shale, light greenish-gray ............. ... ... il 26.0- 28.0
Shale, pale-olive mottled pale-yellow with interbedded limestone

SCAIMS .« eve v e ettt e ae bt e e e e e e 28.0- 29.0
Shale, pale-olive with gypsum nodules . ....................... ... 29.0- 295
Shale, pale yellowish-brown ............ .. ... ... it 295~ 30.5

Foraker Limestone Formation
Long Creek Limestone Member (no penetration) .................... 30.5

TEST HOLE 17-A-67

Location: 367.5 feet north of south section line, 45 feet cast of west section line (NW-SW-
SW-SW sec. 19, T. 4 N, R. 14 E.), Nemaha County, Nebraska.
Total Depth: 1605 feet.
Elevation: 1103.1 feet (ground level).
Depth (feet)
Quatcernary System
Recent and Pleistocenc Series . ........o.ueuie i, 0.0-123.5
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17-A-67 (continued)

Permian System
Big Blue Series
Council Grove Group

Roca Shale Formation ...............oiiiiiiiunrieieiiniaanenannnnn 123.5-144.0
Red Eagle Limestone Formation
Howe Limestone MemDer . ........ouieiutiieinenenennanenenananens 144.0-146.0
Bennett Shale Member .......... ... .. .. i e 146.0-154.5
Glenrock Limestone Member ............. ... v iiiiiiiinnennnnnn. 154.5-157.3

Johnson Shale Formation
Shale, light greenish-gray ................. ... i, 157.3-160.5

TEST HOLE AH-17-70

Location: NE-NE-NW sec. 20, T. 4 N,, R. 15 E. Nemaha County, Nebraska.
Total Depth: 355 fect.
Elevation: 1050.0 feet (ground level).
Depth (feet)
Quaternary System

Recent and Pleistocene Series . ...........oiueeuiii e ennennen. 0.0- 165

Permian System
Big Blue Series
Council Grove Group
Johnson Shale Formation

Shale, pale-Olive .......... ... it 16.5- 24.5
Shale, light- to medium-gray ............... .. ... ... .. ... 24.5- 260
Shale, olive mottled yellow .................. ... ... .. ... ... 26.0— 295
Shale, light-gray mottled greenish-gray .......................... 295- 355

Foraker Limestone Formation
Long Creek Limestone Member (no penetration) .................... 35.5

TEST HOLE 15-B-67

Location: 107 feet south of north section line, 11.0 feet west of east section line (NE-NE-NE-NE
sec. 1, T. 5 N, R. 13 E.), Nemaha County, Nebraska.

‘Total Depth: 805 feet.

Elevation: 1062.1 feet (ground level).

Depth (feet)
Quaternary System

Recent and Pleistocene Series . ..........ieiiiininnnitnninrinanann 00- 7.0

Permian System
Big Blue Series
Council Grove Group
Grenola Limestone Formation
Burr Limestone-Legion Shale-Sallyards Limestone Members ......... 7.0- 175

Roca Shale FOrmation ............c.uunioiieoniianiienee i, 17.5- 495

Red Eagle Limestone Formation

Howe Limestone Member .................ooiiiiiiiiiiiiiiei., 49.5- 52.7
Bennett Shale Member ............coiiiiiiiiiiiineinaniaaiinen. 52.7- 60.8
Glenrock Limestone Member ............................. 0oL 60.8- 62.0
Johnson Shale Formation
Shale, pale-yellow ............ ... i 62.0- 64.5
Shale, pale-yellow with interbedded pale-yellow limestone seams ... 64.5- 70.0
Shale, pale-olive ........ ... i i e 70.0- 71.3
Limestone, pale-olive, very finely crystalline ..................... 71.3- 71.6
Shale, pale-olive ........... ... i 71.6- 774
Shale, pale-olive with interbedded light-gray shale .............. 774- 1795

Foraker Limestone Formation,
Long Creck Limestone Member .............. ... ................. 79.5- 80.5
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TEST HOLE 15-A-67 (1)

Location: 1663.5 feet south of north section line, 9.0 feet west of east section line (SE-NE-SE-NE
sec. 13, T. 5 N., R. 13 E.), Nemaha County, Nebraska.
Total Depth: 30.0 feet.
Elevation: 1145.0 feet (ground level).
Depth (feet)
Quaternary System
Recent and Pleistocene Series .................. . ittt 0.0— 14.5

Permian System
Big Blue Series
Council Grove Group
Beattie Limestone Formation
Cottonwood Limestone Member ...............citiiiiinurnennnen, 145- 25.0

Eskridge Shale Formation ............... ... ... . ... ... 25.0- 30.0

TEST HOLE 15-A-67 (2)

Location: 250.0 feet south of north section line, 9.0 feet west of east section line (NE-NE-NE-NE
sec. 13, T. 5 N., R. 13 E.), Nemaha County, Nebraska.

Total Depth: 80.5 feet.

Elevation: 1073.3 feet (ground level).

Depth (feet)
Quaternary System

Recent and Pleistocene Series . .............oovuiiiiiiteeiiiienas 0.0- 11.3

Permian System
Big Blue Series
Council Grove Group
Grenola Limestone Formation

Salem Point Shale Member ........ .. it 11.3- 17.3

Burr Limestone-Legion Shale-Sallyards Limestone Members ........ 17.3- 264
Roca Shale Formation . ...... ...t iiineeanann 26.4—- 57.5
Red Eagle Limestone Formation

Howe Limestone Member . .............iiiiioeriineenneeenenennn. 57.5- 63.0

Bennett Shale Member ............... ... 63.0- 70.6

Glenrock Limestone Member . .............oeuiinereeenenenenen.. 70.6- 72.6
Johnson Shale Formation

Shale, light greenish-gray with interbedded limestone seams ........ 72,6~ 75.0

Shale, pale-olive .......... ... .. . 75.0- 80.5

TEST HOLE 25-B-70

Location: 2375 feet south of north section line, 6.5 feet west of east section line (C-EL-SE-SE-NE
sec. 25, T. 5 N., R. 13 E), Nemaha County, Nebraska.
‘I'otal Depth: 110.0 feet.
Elevation: 1054.5 feet (ground level).
Depth (feet)
Quaternary System
Recent and Pleistocene Series ......... . i 0.0- 153

Permian System
Big Blue Scries
Council Grove Group
Grenola Limestone Formation

Neva Limestone Member ............ .. .. ... . . i 15.3— 18.8
Salem Point Shale Member ............. ... i . 18.8- 23.1
Burr Limestone Member .. ............ ittt e, 23.1- 29.6
Legion Shale Member .................o i 29.6- 30.7
Sallyards Limestone Member ..............oiviiiieiiiiiineean. .. 30.7- 329
Roca Shale Formation . ..............iuiiimeianeeniiniiiaaneenanannn, 32.9- 67.6
Red Eagle Limestone Formation
Howe Limestone Member . ........ ..., 67.6—- 72.3
Bennett Shale Member . ...t et 72.3— 81.0
Glenrock Limestone Member ....... ... i 81.0- 82.6
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25-B-70 (continued)
Johnson Shale Formation
Shale, light greenish-gray with interbedded thin greenish-gray lime-

SEONE SEATMS ...\ttt it ie et 82.6— 88.5
Shale, light greenish-gray with interbedded thin, white, gypsum
SEAMMS .+ v et tiite ettt e e e e 88.5—- 89.0
Shale, light greenish-gray, clay ................ ... ... ... 0. 89.0- 90.0
Shale, light greenish-gray with interbedded light greenish-gray
SIIESOME ... e 90.0- 92.1
Shale, light-gray with interbedded greenish-gray siltstone .......... 92.1- 925
Shale, light- to medium-gray with some interbedded white gypsum
SEAIMS 4wt v ettt et it ettt e e e e 92.5- 94.8
Shale, light greenish-gray .................. .. ... ... ... ..... 94.8- 95.7
Gypsum, white ... ... ... . . 95.7-105.3
Foraker Limestone Formation
Long Creck Limestone Member ................... ... ... ..o, 105.3-110.0

TEST HOLE 16-B-67

Location: 443 feet south of north section line, 5.0 feet east of west section line (SW-NW-NW-NW
sec. 30, T.5 N, R. 14 E.), Nemaha County, Nebraska.

Total Depth: 70.5 feet.

Elevation: 1042.0 feet (ground level).

Depth (feet)
Quaternary System

Recent and Pleistocene Series . ...........iuievienvniineenieneannnns 0.0- 234
Permian System

Big Blue Series
Council Grove Group

Roca Shale Formation ...............cuiiiirneiniininirneennnenns 23.4- 54.1
Red Eagle Formation
Howe Limestone Member .................viiiiiennanann. e 54.1- 56.3
Bennett Shale Member . ..........oiiiiiniiiit e 56.3— 66.7
Glenrock Limestone Member ................iiiiiiiitiiinniaienns 66.7— 68.0

Johnson Shale Formation
Shale, light greenish-giay with interbedded, very finely crystalline,
gray HmMeStone ...............iiiiiiiiiii i 68.0- 70.5

TEST HOLE 18-B-67

Location: 7.5 feet south of north section line, 696 feet east of west section line (NW corner
NE-NW-NW sec. 6, T. 3 N, R. 14 E)), Richardson County, Nebraska.

Total Depth: 2505 feet.

Elevation: 1099.7 feet (ground level).

Depth (feet)
Quaternary System

Recent and Pleistocene Series . ...............c.uriieiirinreiiuninnnnn. 0.0-179.3

Permian System
Big Blue Series
Council Grove Group
Red Eagle Limestone Formation

Bennett Shale Member ............. ... i 179.3-189.0
Glenrock Limestone Member ............... 0o 189.0-190.5
Johnson Shale Formation
Shale, light greenish-gray with interbedded limestone seams ...... 190.5-192.8
Shale, light greenish-gray ................ ... ... . o 192.8-198.0
Limestone, light-gray, very finely crystalline .................... 198.0-198.4
Shale, light greenish-gray, silty ................... ... .. ... ..., 198.4-202.1
Shale, light greenish-gray with interbedded siltstone seams ....... 202.1-202.7
Shale, light greenish-gray with interbedded white gypsum ........ 202.7-205.5
Shale, light greenish-gray ...................... ... . ... ... 205.5-206.5
Gypsum, white ...... ... s 206.5-216.4
Foraker Limestone Formation
Long Creek Limestone Member ............... ... ... 216.4-227.2
Hughes Creek Shale Member ........................ ... ... ..., 227.2-250.5
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