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GEOLOGY AND GROUND-WATER RESOURCES
OF PAWNEE AND EDWARDS COUNTIES,
KANSAS

By Tuap G. McLAUGHLIN

ABSTRACT

The report describes the geography, geology, and ground-water resources
of Pawnee and Edwards Counties in central Kansas. These counties have an .
area of about 1,368 square miles and had a population of 14,042 in 1945. The
area consists of gently rolling upland plains together with large areas of sand
hills and relatively flat flood plains and terraces. The climate is subhumid,
the average annual precipitation being between 20 and 24 inches. Farming and
the raising of livestock are the principal occupations in the area. Irrigation
from Pawnee River and from wells has been practiced extensively in Pawnee
Valley and irrigation from wells has been developed to a lesser extent in Ar-
kansas Valley and in the dune-sand areas south of the valley.

The rocks that crop out inr this area range in age from Cretaceous to Recent.
The Cretaceous rocks are exposed in the upland areas in northern Pawnee
County and in the area between Pawnee and Arkansas Rivers in southwestern
Pawnee County and northwestern Edwards County. The Ogallala formation
crops out only in small areas in northwestern Edwards County and southwest-
ern Pawnee County. The alluvium and terrace deposits underlie the princi-
pal valleys and the adjacent areas and dune sand covers the large area lying
south of the Arkansas Valley. The alluvium in Pawnee and Arkansas Valleys
and the Meade formation, which underlies the dune-sand area, yield large
quantities of water to wells. Other formations generally yield only small to
moderate quantities of water to wells. The report contains a map showing the
areas of outcrop of the rock formations and a diagrammatic cross section of
the area showing the distribution of the formations that lie above the Permian
redbeds, as determined by extensive test drilling.

The report contains a map of the area showing the locations of wells for
which records were obtained and the depths to water level. The depth to
water level in areas of Tertiary and Quaternary rocks generally is less than
50 feet. In other areas the depth to water may be only a few feet or may be
as much as 200 feet, depending upon which bedrock formation supplies water
to the well. A map showing by means of contours the shape and slope of the
water table is also included in this report. The map shows that ground water
moves eastward to northeastward through a large part of the area.

The ground-water reservoir is recharged principally from rair and snow that
fall within the area, by percolation from streams and depressions, and by
underflow from adjacent areas. Ground water is discharged from the ground-
water reservoir by seepage into perennial streams, by transpirationr and evap-
oration, by movement into adjacent areas, and by wells.

(9)
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Most of the wells in the area are drilled or driven, but a few are dug or
bored. Of the 360 wells listed in the report, 127 are irrigation wells. In 1943,
76 of these wells were used to irrigate about 3,380 acres of land, and about
3,400 acre-feet of ground water was pumped for this purpose. The areas most
favorable for the development of large supplies of water for irrigation and in-
dustrial use are the Arkansas Valley, the Pawnee Valley, and the dune-sand
area south of the Arkansas Valley.

Ground water in the Pawnee-Edwards area generally is hard, but is suit-
able for most uses. Waters from the Dakota formatior generally contain a
large amount of dissolved solids, but may be only moderately hard owing to
natural softening. These waters generally are high in fluoride. Water from
the alluvium is hard, but it is of slightly better quality in the Pawnee Valley
than in the Arkansas Valley. The formation that yields the largest quantities
of the most suitable water is the Meade formation, which underlies the area
south of the Arkansas Valley.

The report contains a section in which the character, distribution and
thickness, age and correlation, and water supply of the rock formations are
described. This discussion deals with all formations down to and including
the Permian redbeds.

The field data upon which this report is based are given in tables; they
include records of 360 wells, chemical analyses of water from 71 representative
wells, and logs of 144 wells, including 131 test holes put down as a part of this in-
vestigation and two test holes put down at the Edwards-Kiowa county line as
a part of the investigation of the geology and ground-water resources of Kiowa
County.

INTRODUCTION

PURPOSE AND SCOPE OF THE INVESTIGATION

An investigation of the geology and ground-water resources of
Pawnee and Edwards Counties was begun in July 1944 by the
United States Geological Survey and the State Geological Survey
of Kansas, with the codperation of the Division of Sanitation of the
Kansas State Board of Health and the Division of Water Resources
of the Kansas State Board of Agriculture.

Ground water is one of the principal natural resources of Kansas.
Almost the entire population of Pawnee and Edwards Counties ob-
tains its water supply from wells. Ground water is also used to
water livestock and to irrigate more than 3,000 acres of land. It is
replenished by precipitation, by streams, or by both. If with-
drawals of ground water are kept within safe limits, the supply will
last indefinitely.

The extended drought between 1931 and 1939 caused repeated
crop failures and a renewed interest in irrigation from wells in this
area, and the number of irrigation wells in Pawnee County increased
from 34 in 1930 to 69 in 1945. There is no record of the number of
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irrigation wells in Edwards County in 1930, but by 1945 there were
58 irrigation wells.

The investigation in Pawnee and Edwards Counties was made to
determine the quantity, quality, movement, and availability of
ground water, and the feasibility of further development of irrigation
from wells. It is hoped that the data given herein will facilitate
the development of the ground-water resources of these counties.

LocarioN AND EXTENT OF THE AREA
Pawnee and Edwards are adjacent counties in southwest-central
Kansas (Fig. 1). They are bordered on the north by Rush County,
on the east by Barton, Stafford, and Pratt Counties, on the south by
Kiowa County, and on the west by Ness, Hodgeman, and Ford
Counties. The area comprises 38 townships or 1,368 square miles.

;;;;;;

1
rt im‘preparq
A

" -
R N L

H Tlooan, Toove ™ Ames /b e AN
i ] f :‘vm: v (s TR ’);:,,...:_‘
H Repdrt published orin préss————* d e ’S&i i
i ; : ‘ | | @ oL
NI (i e s N SR

-

! |
i

=
NN Z77s e a e ! W
\ Z ; eryerson” Amamion L
This depor o )
- =2\
¥ TAFF ¢
¥ L GREENWOOD.

4 g s
%"/ wes " oo /

W
i/ "{;7 “7” WeAoE cLaRX. 495 (Ganetn _— B il ERY | L
7 “ l6q-3 Gwrnen T} 52-2
i H
i i

F1e. 1. Index map of Kansas showing area covered by this report and areas
for which cooperative ground-water reports have been published or are in
preparation.

N N

PrEVIOUS INVESTIGATIONS

Geologic and hydrologic studies in western Kansas were made in
1895 by Haworth (1897), who discussed the regional geology and
the occurrence of ground water in the Dakota and younger forma-
tions. Johnson (1901, 1902) reported on the utilization of the
southern High Plains with special reference to the source, availa-
bility, and use of ground water in western Kansas. Parker (1911)
briefly deseribed the geology and ground-water resources of this area
in his report on the chemical character of the water supplies of
Kansas.
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The geology of Pawnee and Edwards Counties was mapped by
M. K. Elias for use in the geologic map of Kansas (Moore and
Landes, 1937) and Courtier (1934) mapped this area as a part of
his study of south-central Kansas. No other studies of the geology
or ground-water resources of this area were published prior to this
investigation, but a report on the geology and ground-water resources’
of Ford County has been published (Waite, 1942).

MEeTHODS OF INVESTIGATION

Field work was begun in Pawnee County in July 1944 and con-
tinued until October 1944. The field work in Edwards County was
done during July and August 1945. During this season I was as-
sisted by Milton Sears and Nels Florell. Data were obtained for
360 wells, most of which were measured with a steel tape to de-
termine the depth of the well and the depth to the water level below
some fixed measuring point (generally the top of the casing). Addi-
tional data were obtained from well owners concerning the yield and
drawdown of wells and the character of the water-bearing materials.
Samples of water were collected from 74 representative wells and
were analyzed by Howard Stoltenberg, chemist in the Water and
Sewage Laboratory of the Kansas State Board of Health.

One hundred thirty-one test holes were drilled at strategic points
in the area by the portable hydraulic-rotary drilling machine of the
State Geological Survey, operated by Oscar S. Fent and James B.
Cooper. The drill cuttings were collected and studied in the field
by Oscar S. Fent and examined later with a microscope by William
J. Powell and me. The altitudes of the measuring points of the
measured wells and of the test-hole locations were determined with
a plane table and alidade by Charles K. Bayne and R. W. Ball.

The field data were recorded on maps prepared for the Kansas
Highway Planning Board by the Kansas Highway Department.
The data were then plotted on maps prepared by the Soil Conserva-
tion Service (Pls. 1 and 2). The roads were corrected by field ob-
servations.

The wells shown on Plate 2 were located within the sections by
use of an odometer, and the locations are believed to be accurate
within 0.1 mile. The wells in each county are numbered by town-
ships from north to south and by ranges from east to west, and
within a township the wells are numbered in the same order as the
sections. The wells in Pawnee County are numbered from 1 to 185
and the wells in Edwards County are numbered from 186 to 360.
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For each well shown on Plate 2 the number above the line corre-
sponds to the number of the well in the well tables and the number
below the line is the depth to the ground-water table below land
surface.

ACKNOWLEDGMENTS

Residents of the area were very cooperative in supplying informa-
tion about their wells and in permitting test drilling on their land.
Particular thanks are due Hugh Richwine and C. B. Dennis of the
Soil Conservation Service and Lytle Martin, Otis Shuck, and Roy
Delp, drilling contractors. Leo Myers, superintendent of the Larned
public utilities, supplied information on the municipal wells at
Larned and on several irrigation wells. '

The manuscript for this report has been critically reviewed by
several members of the Federal Geological Survey and the State
Geological Survey of Kansas; by George S. Knapp of the Division
of Water Resources, Kansas State Board of Agriculture; and by
Ben L. Williamson and Ogden S. Jones of the Division of Sanita-
tion, Kansas State Board of Health. The maps and illustrations
were prepared by Woodrow Wilson and Donald C. Forrey.

GEOGRAPHY

TOPOGRAPHY AND DRAINAGE

Pawnee and Edwards Counties are in the High Plains section of
the Great Plains physiographic province. For the purpose of de-
tailed description, Pawnee and Edwards Counties may be divided
into three areas based on topography: (1) upland area, (2) valley
area, and (3) dune-sand area.

Upland area.—This area includes most of Pawnee County lying
north of the Pawnee Valley and parts of Pawnee and Edwards
Counties lying between Pawnee Valley and Arkansas Valley. The
area consists primarily of low rounded hills which are separated by
the many valleys that have been carved by the tributaries of Pawnee
and Arkansas Rivers. The maximum relief in this area generally
is less than 100 feet and in a few places in northwestern Edwards
County the land is relatively flat. The maximum altitude in the
" area is about 2,300 feet at the Ford-Edwards county line north of
Offerle.

Valley area—The valley area consists primarily of the valleys of
Pawnee and Arkansas Rivers. The area contains flat, relatively
featureless bottomlands and terraces. The Arkansas Valley slopes
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from an altitude of about 2,260 feet at the Ford-Edwards county
line to about 1,920 feet at the Pawnee-Barton county line. The
average gradient of Arkansas River is about 7 feet per mile. The
Pawnee Valley enters Pawnee County near Burdett and converges
with the Arkansas Valley near Larned. It consists of a relatively
flat alluvial plain transected by many abandoned channels of Paw-
nee River. Adjacent to the bottomland is a broad flat terrace which
generally extends about a mile on each side of the bottomland.
The Pawnee Valley slopes from an altitude of about 2,080 feet at
the Pawnee-Hodgeman county line to about 1,990 feet at its con-
fluence with the Arkansas Valley. The average gradient of Pawnee
River is about 2 feet per mile.

Dune-sand area—The dune-sand area consists of the part of
Pawnee and Edwards Counties lying south of the Arkansas Valley.
The topography ranges from relatively flat areas to irregular areas
containing high sand hills. Most of the sand hills are adjacent to
Arkansas River and they contain many undrained basins (PL 4).
The areas of more moderate relief are flat to hummocky and are in
part drained by streams such as Hubbard Creek, Wild Horse Creek,
and Rattlesnake Creek.

CLIMATE

The climate in Pawnee and Edwards Counties is similar to that
in other parts of the High Plains section. The area has relatively
low precipitation, rapid evaporation, and a wide range of tempera-
tures. The summer days generally are hot, but the summer nights
are relatively cool, owing to the movement of wind and to the rela-
tively low humidity.

The precipitation in Pawnee and Edwards Counties is sporadic;
hence the amount of rainfall in one storm may differ greatly from
one part of the area to another. The greatest annual precipitation
recorded in this area was 39.63 inches at Larned in 1915. (All
climatic data, unless otherwise stated, are based on records of the
U. S. Weather Bureau stations at Larned and Trousdale.) The
second greatest precipitation was 89.11 inches at Trousdale in 1944.
The least precipitation recorded was 7.97 inches at Larned in 1872.
The normal annual precipitation at Larned is 23.48 inches (Fig. 2)
and at Trousdale it is 22.44 inches (Fig. 3). The greatest precipi-
tation in the Pawnee-Edwards area occurs during late spring and
summer and the least during the winter.
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tion at Trousdale.

MiNERAL RESOURCES

The principal mineral resources of Pawnee and Edwards Counties
are oil and gas. The oil and gas pools in this area in 1945 included
the Belpre oil and gas pool in Edwards County and the Pawnee
Rock, Benson, and Ryan oil pools, the Shady gas pool, and the
Zook oil and gas pool in Pawnee County. A successful wildeat well
was completed in Pawnee County late in 1945 opening the Ryan
Southeast pool. The reader is referred to Ver Wiebe (1947) for a
more detailed discussion of oil and gas in this area.

Other mineral resources in Pawnee and Edwards Counties include
sand, gravel, and building stone. Sand and gravel has been taken
from the alluvium of Arkansas River in both Pawnee and Edwards
Counties. It is used primarily as road metal.

Building stone has been quarried from the Greenhorn limestone
in the northern part of Pawnee County. The stone generally is
quarried from the “Fencepost” limestone bed at the top of the
Greenhorn limestone although other beds of limestone in the Green-
horn have been quarried in a few places. The stone is used in the
construction of buildings and as fence posts.
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AGRICULTURE

There were 644,820 acres of land under cultivation in Pawnee and
Edwards Counties in 1945. (All agricultural data are from reports
of the Kansas State Board of Agriculture.) The principal crop in
the area is wheat, which is grown primarily on the upland areas
north of Pawnee River and between Pawnee and Arkansas Rivers.
In 1944 there was 8,704 acres of land under irrigation in the Paw-
nee-Edwards area, principally in the Pawnee and Arkansas Valleys.
The principal irrigated crops grown in this area were alfalfa, sor-
ghums, and sugar beets. The list of erops grown in Pawnee and

Edwards Counties given in Table 1 was compiled for the 1945
census.

TaBLE 1—Acreage of principal crops grown in Pawnee and Edwards Counties

n 19.

Wheat ..o 529,391
Sorghums ... 69,826
COTL ot S 4,066
Barley ... 19,221
Alfalfa .................... 9,327
Hay (other than alfalfa)... 505
Rye .o, 3,898
Oats vovveriiiiiiiiieann, 8,293
Sugar beets ...t 239
Miscellaneous crops : 54

Total oo 644,820

" PopuLaTIiON

The population of Pawnee and Edwards Counties increased from
16,380 in 1920 to 17,805 in 1930. The extended drought during the
next decade resulted in a decrease of 6.3 percent in the population.
In 1945 the population of Pawnee County was 8,255 and of Edwards
County was 5,787. Larned, the county seat and principal city of
Pawnee County, had a population of 3,595 in 1945, and Kinsley,
the county seat of Edwards County, had a population of 2,112.
Other cities in these counties include Lewis (population 397), Gar-
field (population 308), Belpre (population 229), Offerle (popula-
tion 221), and Rozel (population 204).

TRANSPORTATION
The main line of the Atchison, Topeka, and Santa Fe Railway
crosses Edwards County and serves the communities of Belpre,
Lewis, Kinsley, and Offerle. A branch line of the same railroad
crosses Pawnee County along Arkansas River and joins the main

line at Kinsley. This line serves the communities of Larned and
2—4221
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Garfield. The Atchison, Topeka, and Santa Fe Railway Company
also has a spur line that extends from Larned to Jetmore in Hodge-
man County. The communities in Pawnee County served by it
are Frizell, Sanford, Rozel, and Burdett. A branch line of the Mis-
souri Pacific Railway serves the community of Ray and terminates
at Larned.

The principal highways in Pawnee and Edwards Counties are
U. S. Highways 50 North and 50 South and Kansas Highway 45.
U. 8. Highway 50 North crosses Pawnee County and serves Larned,
Rozel, and Burdett. U. S. Highway 50 South crosses Edwards
County and serves Belpre, Lewis, Kinsley, and Offerle. Kansas
Highway 45 enters Edwards County near Offerle and extends along
Arkansas River from Kinsley to Great Bend in Barton County.
Other highways in this area include U. S. Highway 183 and Kansas
Highway 1, which cross the area from north to south, and Kansas
Highway 19, which extends from Belpre to near Larned and then
eastward into Stafford County.

Pawnee and Edwards Counties have excellent county highways
in addition to the many State and Federal highways. Many of
the county roads in this area are all-weather hard-surfaced roads,
whereas others have been surfaced with sand and gravel.

GEOLOGY

SUMMARY OF STRATIGRAPHY*

The rocks that crop out in Pawnee and Edwards Counties are
sedimentary, ranging in age from Cretaceous to Recent (Pl 1).
The oldest rocks exposed in this area are Cretaceous, comprising
the Dakota formation, Graneros shale, Greenhorn limestone, and
Carlile shale. The terrace deposits that cover large areas adjacent
to Pawnee River are believed to be Pleistocene in age but may be
in part Tertiary. The alluvium in the principal valleys probably
is Pleistocene and Recent. Most of the area south of Arkansas
River is covered by a thin deposit of dune sand which is largely
Recent but which may be in part Pleistocene.

Information on rocks that are not exposed in Pawnee and Ed-
wards Counties but which lie beneath the surface in that area has
been obtained from test holes drilled during the course of the in-
vestigation and from logs supplied by drillers (Pl. 3).

A generalized section of the geological formations of this area is
given in Table 2 and the geologic time scale is given in Table 3.

*The terminology used in this report is that of the State Geological Survey of Kansas and
differs in some respects from that of the United States Geological Survey.



19

Pawnee and Edwards Counties

‘'SBSUBY] JO AeAIng [BOIZ0[03Y) 918BIS OY} JO UOIBOYISSBL) T
*10)BA §11 JO JUIYUOD [BISUIW YIIY *ojrux usidnyepeny
AeAn3elal 943 03 pus Yjdep S[qEISPISU0d §J1 03 -0[0p puB ‘QupAyue ‘wnsdLF jo speq +000°‘1 speqpal pue usruIeg
FUIMO BaI8 SIY) UI S[[oM 0} I8)BM PIOIA j0u £20(] | BUIUIBIUOD BUOJS)IS PUB SUO)SPUBS POy Pa)jBIIULIOIPUL) uBIPIBUOST
SUOLDWLLOL Jop]O
U0 2]QOULLOfUOIU )
*I9)8M PUNOIS JO 90IN0S
1erruejod ® st gnq ‘yjpdep S[qBIOPISUOD €31 03 ‘auojspuss poursid 09-C3 QUO)SPUBS dUUSLDYD)
FUIMo ®oIe STY) U SY[OM O} I0jBM PIOIA JOU §90(] | -WINIPAW 0} -oUY S}IYM pu® ‘ue} ‘Aein)
uBeyOUBWIOD)
*2U0)SPUBS JO BOSUSY
*8aIB SIY) UI S[[PM 0} I9)BM OU IO 9[)}1] SPPIX | Jururejuod o[eys o8v]q 03 AeIZ-YI1BQ 002-00T o[BYS BMOII[
*au0)8
*S[[oM 0038 PUB O1}SOWOP -puBs IB[NOIJUS] POUIBIZ-oUY JO §Paq Jur <z2-0 UOT)BULIOY BIONB(T
03 I9)8BM JO $913I13UBND 9)BIOPOW 0} [[BWIS SP[PIX | -UIBJUOI AB[O PUB S[BYS APUBS PIIOJOOUIBA
SN0208YOID)
‘3U0JSPUBS JO SISUI] PuB
*BOIB SIY7 UL S[[oM 0} Io}BM OU JO O[3} SP[SIX | 9[BYS Apuss Jururejuoo dBYS ABIF-YIBQ | SE€-0F 9TBYS SOI9UBIY)
UBYMO
“3a8d 1eddn ut suoj}sowty AN[BYD 03
*£1UNOY) 2PUMBJ WILY}IOU IBNUBII PUB 95BQ 4B SUOISEWI] SUI[[8) 0210 QUO}SEW ] WIOYUIDIL)
ur s[foM 3np 03 IejeM O senpuBND [[BWS SPAIX | -SAIO JO SPIQ UIY) SUIUTBIUOD S[BYS AN[eYD
“goI® *au0jsow] Aq[8Yd ,
SIY} Ul S[[PAM 0} 1938BAM JO SSRIFUBND [[BWS SPPIX | JO SPeq UIY} BUIUIBIUOD S[BYS AN[BYD 001-0 STBYS S[I[I87)
suoypwLof 43plo
U0 ]QDULLOfUOIU () ——|
BAIB SIY} U S[[9M 0} I9)BM OU SP[AIX 92182 pUB ‘[9ABI3 ‘puBs Y1 =020 uonBULIOY B[B[[B30 QUBVOT[J S[PPIA L1819, -
SUONDWLOS L3P0
U0 9]QDULLOFUOIU[)
“I9ALY SBSUBNIY Y3} ’ .
JO YJNOS S[[oM UONIBILLII PuB ‘00)8 ‘OISOWOP *£%8[2 puB ‘I[I8 ‘[0ABIT ‘puBy 008-06 UOI}BULIOJ SPBITN
07 I9)8M JO S91}1}UBND 93IB] 03 9)YBISPOUL SPRIX
suoYDUWLLOf 49p]0
U0 2]qDULLOfUOIU ) ——| SUIV0ISIOLJ
*S[[eM uon} *8908[d owos
-BILLII M3J ¥ 03 PUB S[[9MA 0038 PUB O13SOWOP ur jred JOMO[ oy} ur [2aBI3 puw %:am 0SI1-0 §3180dop 90BLIDT,
07 IojBM JO S81}N}UBND 2}BISPOUN O} [[BWS SP[AIX | UTBJUOD LBJN °AB[0 pu® Iis ABdroung
suoyvwLLOf 19p]0
——— U0 ]QDULOfU0IU[) L1eurayendd
*uor)BALLIT 10J 199BM punord
JOo o0Inos [BAIOUNMLJ ‘SAS[[BA SBSUBYIY pPUB *Ag[o pus 001I-0 wnIAny
90UMBJ UI S[[0M 0] J9J8BA JO S3131JUBND 03IB] SP[OIX | H[I8 JUIUIBIUOD [9ABIZ PUB DPUBE 98180
8UOLIDULIOL 42P]0 9Ue00)SIB]
U0 2]QDULLOfU0IU[) pus jus0ey
“[[BJUTBI I0J BAIB JUSUYI}BO B
§8 S9AI08 JNq ‘BOIB SIY] UI S[[oM 03 193BM P[OIA ‘puBs 2318Nh pouUIBI3-WNIPOW 0} -8UL] 0S-0 puss oungq
90U 30D 80ULY PUB 9[QB) I9BM 9Y} 9A0(QE SOIT
(309
A1ddns 1098 I930RIeY0 [BOISAYJ mnaﬁowﬁ I UoISIATPQNY solIeg WHISXGY

SDSUDY] ‘SAIUNO)) SPUDM UD 29uUMDJ [0 SUOUDULLO[ 01607028 Y] [0 U01PIIS PI2UDLIUIN)—T TTAV
3 897 O SPwnpH p d 1 0] Y ! Dazy D—2 L



20

Geological Survey of Kansas

TasLe 3—The geologic ttme scalel

Major divisions of geologic time

Estimated
duration in years
Eras Periods Epochs
Recent
Quaternary 2,000,000
Pleistocene
Pliocene
Cenozoic
Miocene
Tertiary Oligocene 58,000,000
Eocene
Paleocene
Cretaceous 65,000,000
Mesozoic Jurassic 32,000,000
Triassic 28,000,000
Permian 38,000,000
Pennsylvanian? 48,000,000
Mississippian? 38,000,000
Paleozoic.. ... .. Devonian 45,000,000
Silurian 27,000,000
Ordovician 67,000,000
Cambrian 105,000,000
Proterozoic Together constitute 900,000,000
Archeozoic the Pre-Cambrian 550,000,000

1. Adapted from Moore (1933, p. 52).
2. The Pennsylvanian and Mississippian periods together make up the Carboniferous
System of the U. S. Geological Survey.
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GeoLocic HisTory

Pawnee and Edwards Counties are underlain by thick deposits
of sedimentary rocks consisting of shale, limestone, sandstone, clay,
silt, sand, and gravel and smaller amounts of salt, anhydrite, and
gypsum. The character, appearance, and relationships of these rocks
as studied in well cuttings and at outcrops reveal much of the geo-
logic history of the region.

PALEOZOIC ERA

In the earliest part of the Paleozoic Era the area that now com-
prises Pawnee and Edwards Counties was part of a land surface
that extended over a large part of west-central United States. Sub-
mergence of the land began in Middle Cambrian time and the area
remained inundated through the remainder of Cambrian and part
of Ordovician time, during which the Arbuckle limestone or “Sili-
ceous lime” was deposited. Limestone and dolomite comprising the
Viola limestone and Simpson rocks were deposited in this area in
Ordovician time.

Rocks of Silurian and Devonian age probably do not underlie
Pawnee and Edwards Counties. They either were not deposited in
this area or were removed by erosion prior to the deposition of the
overlying Mississippian strata. Deposits of marine dolomitic lime-
stone and shale were laid down in this area during the early part of
the Mississippian Period. The sea withdrew during part of Missis-
sippian time and again covered the area in the last part of the period.

There was a long time of erosion between deposition of the
youngest Mississippian rocks and the oldest Pennsylvanian rocks that
overlie them. After this erosion there was alternate submergence by
and emergence from the sea, causing the deposition of both marine
and continental materials consisting of sandstone, shale, limestone,
and coal. The alternating marine and continental deposition con-
tinued through Early Permian time but by Late Permian time con-
tinental deposition became dominant. These deposits consisted of
redbeds containing gypsum, anhydrite, and salt, which indicate an
arid climate.

MESOZOIC ERA

Cretaceous Period
The Cheyenne sandstone was deposited over all the Pawnee-
Edwards area in Early Cretaceous time. These beds were laid
down either in shallow sea water or by streams (Twenhofel, 1924,
p. 19). The area was then covered by a sea in which the dark
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fossiliferous clay that formed the Kiowa shale was deposited. The
sandstone and clay of the Dakota formation were laid down in Late
Cretaceous time under both fluviatile and near-shore marine con-
ditions. Marine deposits of limestone and shale which were laid
down in this area after the deposition of the Dakota formation
comprise the Graneros shale, Greenhorn limestone, and Carlile shale.
Younger Cretaceous deposits probably covered at least part of this
area but they have been removed by erosion.

CENOZOIC ERA
Tertiary Period

The Laramide revolution, which began in Late Cretaceous time
and which continued into Tertiary time, probably caused the
regional dip of the older beds in this area. After this major de-
formation (which uplifted the Rocky Mountains) the Ogallala for-
mation of middle Pliocene age (Table 3) was deposited by streams
that carried debris from the Rocky Mountains. These deposits
mantled the bedrock in large areas in western Kansas. Much of
these deposits has been removed by subsequent erosion but the
formation still underlies small areas, mainly in northwestern Ed-
wards County (Pl 1).

Quaternary Period

Pleistocene Epoch.—The thick deposits of silt, sand, and gravel
that overlie the Cretaceous bedrock south of Arkansas River (PL. 3)
were laid down during the Pleistocene Epoch and represent stream-
laid debris from the Rocky Mountains. Part of the material south
of Arkansas River may be terrace deposits which were also laid
down during the Pleistocene Epoch.

The ancestral Pawnee River and its tributaries deposited fine-
grained materials over a large area in Pawnee County and in north-
western Edwards County. These deposits consist primarily of silt
and clay but contain lesser amounts of sand and gravel. They are
shown on the map (Pl. 1) as terrace deposits and represent at least
two stages of deposition by Pawnee River and its tributaries.

During late Pleistocene and Recent time Arkansas and Pawnee
Rivers and their tributaries deposited alluvium in their valleys.
Only the alluvium of the principal streams is shown on the map
(PL. 1). Part of the dune sand also may have been deposited in
late Pleistocene time, but it is believed that most of the dune sand
in the Pawnee-Edwards area is Recent in age.
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Recent Epoch.—During Recent time most of the dune sand south
of Arkansas River was deposited, as is indicated by the presence
of dune sand overlying alluvium. The present topography of Paw-
nee and Edwards Counties was formed in part during the Recent
Epoch. The principal valleys were eroded during the Pleistocene
but most of the existing surface features are the result of Recent
erosion.

GROUND WATER

PrixcipLES OF OCCURRENCE

This discussion of the principles governing the occurrence of
ground water takes account of conditions in Pawnee and Edwards
Counties. Preparation of the discussion has been based chiefly on the
authoritative and detailed treatment of the occurrence of ground
water by Meinzer (1923), to which the reader is referred for more ex-
tended consideration. A general discussion of the principles of
ground-water occurrence, with special reference to Kansas, has been
published by Moore (1940). -

The rocks that make up the outer crust of the earth generally are
not entirely solid, but have numerous openings, called voids or inter-
stices, which may contain air, natural gas, oil, or water. The num-
ber, size, shape, and arrangement of the interstices in rocks depend
upon the character of the rocks. The occurrence of water in any
region, therefore, is determined by the geology.

Yy SN
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Fi16. 4. Diagram showing several types of rock interstices and the rela-
tion of rock texture to porosity. A, Well-sorted sedimentary deposit hav-
ing a high porosity; B, poorly sorted sedimentary deposit having low po-
rosity; C, well-sorted sedimentary deposit consisting of pebbles that are
themselves porous so that the deposit as a whole has a very high porosity;
D, well-sorted sedimentary deposit whose porosity has been diminished by
the deposition of mineral matter in the interstices; E, rock rendered po-
rous by solution; F, rock rendered porous by fracturing. (From O. E.
Meinzer.)
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The interstices or voids in rocks range in size from microscopie
openings to the huge caverns found in some limestones. The open
spaces generally are connected so that water may percolate from one
to another, but in some rocks these open spaces are isolated and the
water has little or no chance to percolate. Several common types of
open spaces or interstices and the relation of texture to porosity are
shown in Figure 4.

The porosity of a rock is the percentage of the total volume of the
rock that is occupied by interstices. A rock is said to be saturated
when all its interstices are filled with water or other liquid, and the
porosity is then practically the percentage of the total volume of
the rock that is occupied by water. The porosity of a rock deter-
mines only the amount of water a given rock can hold, not the
amount it may yield to wells. Some rocks may be highly porous,
but will not yield an appreciable amount of water to a well. The
specific yield of a water-bearing formation is defined as the ratio of
(1) the volume of water which, after being saturated, it will yield by
gravity to (2) its own volume. It is a measure of the yield when
the material is drained by a lowering of the water table. The
permeability of a water-bearing material is defined as its capacity
for transmitting water under hydraulic head, and is measured by
the rate at which it will transmit water through a given cross sec-
tion under a given difference of head per unit of distance. A rock
containing very small interstices may be very porous, but it would
be difficult to force water through it, whereas a coarser-grained rock,
although it may have less porosity, generally is much more permea-
ble. Some water is held in rocks by the force of molecular attrac-
tion, which, in fine-grained rocks, is sufficiently great to hold the
water against the force of gravity and thus to make the rock rela-
tively impermeable.

Below a certain level in the earth’s crust, the permeable rocks
generally are saturated with water and are said to be in the zone
of saturation (Fig. 5). The upper surface of the zone of saturation
is called the ground-water table, or simply the water table. All the
rocks above the water table are in the zone of aeration, which or-
dinarily consists of three parts: the belt of soil water; the inter-
mediate, or vadose zone; and the capillary fringe.

The belt of soil water lies just below the land surface and con-
tains water held by molecular attraction. In this belt the amount
of water must exceed that which will be held by gravity before any
water can percolate downward to the water table. The thickness of
the zone is dependent upon the character and thickness of the soil
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Meinzer.)

The intermediate belt

lies between the belt of soil water and the capillary fringe. In this
belt the interstices in the rocks contain some water held by molec-
ular attraction but also may contain appreciable quantities of
water while it is moving downward from the belt of soil moisture to
the ground-water table. The intermediate belt may be absent in
places, such as in some river valleys where the water table is near
the surface, or it may be several hundred feet thick.
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The capillary fringe lies directly above the water table and is
formed by water held above the zone of saturation by capillary
force. The water in the capillary fringe is not available to wells,
which must be deepened to the zone of saturation before water will
enter them. The capillary fringe may be absent or very thin in
coarse-grained sediments, in which the capillary action is negligible,
or it may be several feet thick in fine-grained sediments.

ArTESIAN CONDITIONS

The head of water has been defined as the height that a column of
water will rise in a tightly cased well that has no discharge. Ground
water that rises in wells above the level at which it is first encoun-
tered is said to be artesian or “piestic” water (Meinzer and Wenzel,
1942, p. 451).

Many of the deeper wells in Pawnee and Edwards Counties have
encountered artesian water, but only in a few of them has the head
been sufficient to cause them to flow at the surface. A few oil or
gas test wells in the Arkansas and Pawnee Valleys encountered
water under artesian pressure in the Permian redbeds. One of these
wells had a reported flow of 700 gallons a minute. Water from these
wells was of such poor quality that it was unfit for use. Test hole
28 drilled by the State Geological Survey obtained a small flow of
water from the Permian redbeds at a depth of about 415 feet. The
water contained more than 1,500 parts per million of chloride.

Most of the deep domestic and stock wells in the upland areas of
Pawnee and Edwards Counties encounter artesian water in the
Dakota formation. The water does not have sufficient head to cause
it to flow at the surface, but it rises in the well enough to materially
decrease the pumping lift. Any well that might be drilled to the
Cheyenne sandstone probably would encounter water under artesian
pressure, but it is doubtful if that pressure would be sufficient to
cause the water to flow.

TaE WATER TABLE AND MOVEMENT OF GROUND WATER

The upper surface of the zone of saturation in ordinary permeable
soil or rock has been defined as the ground-water table, or simply
the water table. Where the upper surface is formed by impermea-
ble material the water table is absent and artesian conditions are
said to exist. The water table is not a plane surface in all parts of
the area but in some places has irregularities comparable with and
related to those of the land surface, although it is less rugged. It
does not remain in a stationary position but fluctuates up and down.
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The irregularities are caused chiefly by local differences in gain and
loss of water, and the fluctuations are due to variations from time
to time in gain or loss.

SHAPE AND SLOPE

The shape and slope of the water table in Pawnee and Edwards
Counties is shown on the map (PI. 1) by contour lines drawn on the
water table. Each point on the water table on a given contour line
has the same altitude. The water-table contours show the config-
uration of the water surface just as topographic contour lines show
the shape of the land surface. The direction of movement of the
ground water is at right angles to the contour lines in the direction
of the downward slope.

The water-table contours are not shown in the upland areas of
Pawnee and Edwards Counties. In and near the areas of outcrop of
Cretaceous beds the land is underlain primarily by relatively im-
permeable beds; therefore, there is no water table in much of this
area. Where the surface is covered by terrace deposits there gen-
erally is a little ground water at the base of these deposits, but the
water surface merely reflects the topography of the underlying bed-
rock.

The map (PL. 1) shows that the general movement of ground
water in the Pawnee-Edwards area is eastward and northeastward.
The rate and direction of movement vary considerably from one
part of the area to another. The slope of the water table in the
Pawnee Valley, for example, is only one-third as great as it is in
parts of the Arkansas Valley, owing primarily to the difference in
gradient of the two. valleys. The direction of movement of the
ground water in most of the area is northeastward but in southern
Edwards County the direction of movement is approximately east-
ward.

The shape and slope of the water table, which determine the di-
rection and rate of movement of ground water, are controlled by
several factors. Irregularities of the shape and slope of the water
table in Pawnee and Edwards Counties may be caused by: (1) the
configuration of the underlying Cretaceous floor; (2) discharge of
ground water into streams; (3) recharge of the ground water by
ephemeral streams; (4) unequal additions of water to the ground-
water reservoir at different places; (5) local differences in the
permeability of the deposits; and (6) local depressions on the water
table caused by the pumping of water from wells.

The shape of the underlying bedrock floor controls to some extent
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the direction of movement of the ground water in this area. The
regional slope of the bedrock floor is toward the east and southeast.
This may be in part the cause of the direction of movement in this
area. Local small irregularities in the bedrock surface, however,
are not reflected in the shape of the water table.

The discharge of ground water into streams is the cause of the
most prominent irregularities in the water table in this area. The
upstream flexure of the contour lines along Pawnee River, Arkansas
River, and Rattlesnake Creek has been caused by that process.

The recharge of ground water by ephemeral streams has not ma-
terially affected the water table in this area, although some water
undoubtedly is added to the ground-water reservoir in this manner.
An ephemeral or intermittent stream is one that flows only after
rains. Their channels lie above the water table and are dry much
of the time, but during periods of stream flow part of the water may
seep into the stream bed and move downward to the water table.
A stream of this type is said to be influent. The movement of
ground water from influent streams and to effluent streams is shown
by the diagrammatic sections in Figure 6.

River loses water

\l River gains woter
______________________________ ¥

Charnel of river

B

c

Fic. 6. Diagrammatic sections showing influent and effluent streams.
(From Latta, 1944.)

Unequal additions of water to the ground-water reservoir have
not been great enough to affect materially the shape or slope of the
water table in Pawnee and Edwards Counties. In the sand-hills
area south of Arkansas River there are many undrained basins in
which water accumulates. Much of this water moves through the
porous sandy soil and builds a mound on the underlying water table.
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These local mounds are small and, hence would not be shown on a
Iarge-scale map such as Plate 1. The curvature of the contour lines
along the Arkansas Valley is much greater on the south side of the
river than it is on the north side of the river. This probably is the
result of rapid recharge of the ground-water reservoir in the large
undrained area of sand hills that borders Arkansas River on the
south.

The lack of uniformity of gradient across the Pawnee-Edwards
area probably is caused in part by local differences in permeability.
The gradient along Arkansas River in the southwestern corner of
Edwards County, for example, is about 15 feet to the mile, whereas
a short distance downstream it is only about 5 feet to the mile. In
the southwestern corner of Edwards County the unconsolidated ma-
terials through which the water moves probably are less permeable
than they are farther downstream; hence the water table must have a
steeper slope in order that a given cross-sectional area will transmit
the same amount of water.

Local depressions in the water table have been caused by pump-
ing for irrigation but the water table in these depressions generally
rises to or nearly to its normal level within a short period after
pumping ceases. These depressions, therefore, generally are not
permanent features of the water table. Water-level measurements
made while an irrigation well was pumping or soon after it stopped
pumping were not used in the construction of the water-table con-
tour map shown on Plate 1.

RELATION TO TOPOGRAPHY

The depths to water level in Pawnee and Edwards Counties are
shown by a map (Pl 2). The depth to water level in all wells that
obtain water from superficial deposits generally is less than 25 feet
and is in no place more than 50 feet. Those wells having water levels
greater than 50 feet obtain water from the Dakota formation. The
greatest measured depth to water level in this area was 199 feet in
well 20, which obtains water from the Dakota formation. In gen-
eral the shape of the water table in Pawnee and Edwards Counties
conforms to the regional topography, but is little affected by minor
physiographic features.

FLUCTUATIONS IN WATER LEVEL
The water table in a ground-water reservoir does not remain sta-
tionary, but fluctuates up and down much like the water surface of

any surface reservoir. Whether the water table rises or declines
depends upon the amount of recharge into the ground-water reser-
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voir and the amount of discharge from the reservoir. If the inflow
exceeds the draft, the water table will rise; conversely, if the draft
exceeds the inflow into the ground-water reservoir, the water table
will decline. The water table fluctuates more by the addition or
depletion of a certain quantity of water than does the level of a
surface reservoir, because ground water occupies only part of the
volume of a ground-water reservoir. If the materials comprising
a water-bearing formation have an average specific yield of 25 per-
cent, for example, the addition of 1 foot of water to the water-bear-
ing materials will raise the water table in those materials about 4
feet. Changes of water levels record the fluctuations of the water
table and hence are a measure of the recharge and discharge of a
ground-water reservoir. A rise in water level indicates an excess of
recharge over discharge, whereas, a decline in water level indicates
that the discharge exceeds the available recharge.

The principal factors that control the rise of the water table in
Pawnee and Edwards Counties are the amount of water from pre-
cipitation that passes through the soil and moves downward to the
water table, the amount of water added to the ground-water reser-
voir by seepage from streams, and the amount of water that enters
the area by subsurface inflow. The principal factors that control
the decline of the water table in this area are the amount of water
discharged by effluent seepage into streams, the amount of water
lost through transpiration and evaporation where the water table is
shallow, the discharge of water through springs and wells, and the
amount of water leaving the area through subsurface flow into ad-
jacent areas.

Fluctuations of the water table are reflected directly in changes
in the water levels in wells. In order to record these changes on a
monthly basis, several representative wells in Pawnee and Edwards
Counties were selected as observation wells. Periodic measurements
of water levels in these wells have been made for several years and
their fluctuations are shown by the hydrographs in Figures 7 and 8.
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Fic. 8. Hydrographs showing fluctuations of the water levels
in six wells in Pawnee and Edwards Counties, cumulative de-
parture from normal monthly precipitation at Larned, and
monthly precipitation at Larned.

GROUND-WATER RECHARGE

Recharge is the addition of water to the ground-water reservoir
and may be accomplished in several ways. All ground water within
a practical drilling depth in Pawnee and Edwards Counties is de-
rived from water that falls as rain or snow either within the area or
within adjacent areas. Once the water becomes a part of the
ground-water body it moves down the slope of the water table, later
to be discharged farther downstream.
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The underground reservoir beneath Pawnee and Edwards Counties
is recharged primarily by local precipitation. Other factors that
affect recharge in this area are seepage from streams and depressions
and subsurface inflow from adjacent areas. The principal methods
of recharge are described in the following paragraphs.

Recharge from precipitation—The mean annual precipitation in
Pawnee and Edwards Counties is about 23.5 inches, but only a small
part of this water reaches the zone of saturation owing to evapora-
tion, transpiration, and direct surface runoff. Water that is not
lost by these processes moves downward into the soil zone and a
part reaches the zone of saturation. .

The amount of water added to or discharged from the ground-
water reservoir is reflected in the fluctuations of the water levels in
wells. Periodic water-level measurements have been made in three
wells (78, 111, and 128) in the Pawnee Valley in Pawnee County
since 1940, and measurements in other observation wells (10, 36,
168, 190, 220, and 243) in Pawnee and Edwards Counties have been
made since 1944. The fluctuations of the water levels in these wells
are shown in Figures 7 and 8. Wells 78, 111, and 128 are irrigation
wells in the Pawnee Valley west of Larned and wells 36, 168, 220,
and 243 are shallow wells in the Arkansas Valley or in the sand-hills
area south of the valley. Wells 10 and 190 are deeper wells in the
upland areas. The water levels in six of the nine wells were higher
at the last measurement than at the first measurement because of
the relatively abundant precipitation during the period of record.
Periods of heavy precipitation generally are reflected in rises in the
water levels in the Pawnee Valley wells (78, 111, and 128). The
hydrographs of these wells (Fig. 7) obviously indicate the effects of
pumping for irrigation also. The water levels rose abruptly follow-
ing heavy precipitation during June 1941, and during April, May,
July, and August 1944. The water levels in all three wells declined
in 1943, which was a period of below-normal precipitation. The
relations between the water levels and precipitation as depicted
in the hydrographs in Figures 7 and 8 show that the ground-water
reservoir is recharged by precipitation.

Recharge from streams—One of the principal sources of recharge
of the ground-water reservoir in the Pawnee-Edwards area is the
loss of water from the channels of streams. The intermittent
streams in this area may carry considerable water during times of
floods, during which large volumes of water may percolate through

the stream bed and replenish the ground-water reservoir. This type
3—4221
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of stream is known as an influent or losing stream (Fig. 6). Re-
charge from influent streams in Pawnee and Edwards Counties
probably is confined primarily to the upland areas and to the dune-
sand areas south of Arkansas River.

The principal streams in this area (Arkansas and Pawnee Rivers),
as well as some of the smaller streams such as parts of Coon, Saw-
mill, and Ash Creeks, are effluent or gaining streams (Fig. 6).
Their base flow is maintained by the discharge of water from the
ground-water reservoir. It is possible, however, that the extensive
development of irrigation from wells in the Arkansas and Pawnee
Valleys could lower the water table to such an extent that Arkansas
and Pawnee Rivers would become influent or losing streams. If this
were to happen, there would be greatly increased recharge of the
ground-water reservoir by loss of stream flow in these rivers.

Recharge from undrained areas—The surface of the area under-
lain by dune sand is marked by many small undrained depressions
(Pl. 4) which catch rain-water and prevent surface runoff. Water
that accumulates in these undrained areas generally disappears more
quickly than it could be discharged by evaporation and transpira-
tion. Inasmuch as these areas are underlain by dune sand, which is
in turn underlain by the relatively permeable beds comprising the
Meade formation, it is believed that much of this water moves
downward and recharges the ground-water reservoir. After the
heavy rains in the summer of 1944, the water table in parts of the
dune-sand area was higher than it had been in more than 25 years.
The water table was so high in some localities that it flooded some
basements for the first time in more than 25 years. This indicates
very rapid recharge by precipitation and by seepage from undrained
depressions.

Recharge from subsurface inflow—The movement of ground
water in Pawnee and Edwards Counties, as indicated by the slope
of the water table (Pl 1), is toward the east and northeast; hence,
water derived by recharge from precipitation or stream flow in areas
to the west and southwest eventually moves into this area and con-
tributes to the supply of ground water.

Ground water in the Dakota formation may be derived locally
from overlying or adjacent water-bearing beds, but where the for-
mation is overlain by the relatively impermeable beds comprising
the Graneros shale and Greenhorn limestone, the source of water
must be in some adjacent area where the formation either crops out
or is overlain by permeable beds. For this reason some of the water
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Prate 4. Water-filled depressions in the dune-sand area. A and B,
North of Trousdale at the corner of secs. 20, 21, 28, and 29, T. 25 S, R.
16 W., Edwards County. C, Along a small intermittent stream about 1 mile
northwest of Ray, Pawnee County.
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in the Dakota formation probably is derived from areas outside
Pawnee and Edwards Counties. The Cheyenne sandstone is over-
lain by the relatively impermeable Kiowa shale in all parts of this
area; hence, the water it contains is derived from adjacent areas.

GROUND-WATER DISCHARGE

Ground-water discharge is the discharge of water directly from
the zone of saturation or from the capillary fringe, and may take
place through evaporation and transpiration or as hydraulic dis-
charge through springs, seeps, wells, or infiltration galleries.

Natural discharge—Before wells were drilled in Pawnee and Ed-
wards Counties the ground-water reservoir in that area was in a
state of approximate equilibrium—that is, the average annual re-
charge was approximately balanced by the average annual dis-
charge and the water table was moderately stable except for sea-
sonal fluctuations. Water was added to the ground-water reservoir
by movement from the west and southwest, by recharge from pre-
cipitation, and by seepage from streams. Ground water was dis-
charged from the area principally by movement to the east and
northeast and by discharge into Pawnee River, Arkansas River, and
Rattlesnake Creek. This is well illustrated by the water table con-
tour map (PL 1).

Other methods of ground-water discharge in this area are tran-
spiration and evaporation. Water may be taken into the roots of
plants directly from the zone of saturation or from the capillary
fringe, and be discharged from the plants by the process known as
transpiration. The depth from which plants will lift the ground
water in an area of given climate varies with different plant species
and different types of soil. The limit of lift by ordinary grasses and
field crops is not more than a few feet; however, alfalfa and certain
types of desert plants have been known to send their roots to depths
of 60 feet or more to reach the water table (Meinzer, 1923, p. 82).

Transpiration in the Pawnee-Edwards area probably is relatively
large, owing to the shallow depth to the water table in much of the
area. The greatest transpiration probably is in Pawnee and Ar-
kansas Valleys, where the water table is very shallow and where
most of the trees of the area grow. This is also where most of the
alfalfa is grown.

Discharge of ground water by direct evaporation probably is neg-
ligible in this area. The only places where the water table would be
sufficiently shallow would be along the banks of the streams and in
parts of the stream beds.
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Discharge from wells—The discharge of water from wells is now
one of the principal means of the discharge of water from the
ground-water reservoir. In 1943, more than 4,000 acre-feet of water
was pumped from irrigation, railroad, and public-supply wells in
Pawnee and Edwards Counties. During the drought between 1930
and 1940 much more than 4,000 acre-feet per year was discharged
by wells, as attested by the fact that only 76 of the 127 irrigation
wells listed in Tables 16 and 17 were in operation in 1943. This
was caused primarily by improved soil-moisture conditions, but, in
part, by the shortage of labor. It is believed that the average
pumpage of water for irrigation, railroad, and public-supply use
probably exceeded 4,000 acre-feet. Most of the rural residents of
the area obtain their supplies of domestic and stock water from
wells, but the amount of water used for this purpose is compara-
tively small. The recovery of ground water from wells is discussed
in the next section.

REcovERY

PRINCIPLES OF RECOVERY

The discharge from a well is produced by a pump or some other
lifting device or by artesian head. (For a more detailed discussion of
principles of recovery see Meinzer, 1923a, pp. 60-68.) When water
is standing in a well, there is equilibrium between the head of the
water inside the well and the head of the water outside the well.
Whenever the head inside a well is reduced, a resultant differential
head is established and water moves into the well. The head of
the water inside a well may be reduced in two ways: (1) by lower-
ing the water level by a pump or some other lifting device, and (2)
by reducing the head at the mouth of a well that discharges by
artesian pressure. Whenever water is removed from a well there is
a resulting drawdown or lowering of the water level or, in a flowing
artesian well, an equivalent reduction in artesian head.

When water is being discharged from a well, the water table is
lowered in an area around the well to form a depression somewhat
resembling an inverted cone. This depression of the water table is
known as the cone of depression, and the distance that the water
level is lowered is called the drawdown (Fig. 9). In any well,
within certain limits, the greater the rate of pumping the greater
will be the drawdown.

The capacity of a well is the rate at which it will yield water after
the water stored in the well has been removed. The capacity de-
pends upon the amount by which the water level can be lowered, the
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Fie. 9. Diagrammatic section of a well that is being
pumped, showing its drawdown (dd’), cone of depression
(ee’d’), and area of influence (aa’). (From O. E. Meinzer.)

thickness and permeability of the water-bearing bed, and the con-
struction and condition of the well. The capacity of a well gener-
ally is expressed in gallons a minute.

The specific capacity of a well is its rate of yield per unit of draw-
down, and it is determined by dividing the tested capacity in gallons
a minute by the drawdown in feet. If a well yields 1,000 gallons a
minute, for example, and has a drawdown of 10 feet when pumped
at that rate, then the specific capacity of that well would be 1,000
divided by 10, or 100 gallons a minute per foot of drawdown, or
simply 100.

When water is withdrawn from a well, the water level drops
rapidly at first and then more slowly until it finally becomes nearly
stationary. When the withdrawal of water from a well ceases, the
water level rises rapidly at first and then more slowly until even-
tually it reaches its original position, or approximately its original
position.

DUG WELLS

Dug wells are excavated with picks, shovels, spades, or by power
machinery. They generally are between 2 and 10 feet in diametrer
and are relatively shallow. Most of the shallow domestic and stock
wells in the upland area in northern Pawnee County are dug. Al-
most all the early irrigation wells were dug to the water table and
then drilled the rest of the way, but the newer irrigation wells are
drilled. Most of the driven wells in the sand-hills area south of Ar-
kansas River were dug several feet in order to facilitate driving the
sand point. In some places the dug part of the well is extended to
the water table.
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BORED WELLS

Bored wells are made by augers or post-hole diggers in unconsoli-
dated sediments. Many wells in the shallow-water areas in the
Arkansas Valley were made in this way.

DRIVEN WELLS

Most of the domestic and stock wells in the sand-hills area and
many of the wells in the Arkansas, Pawnee, and Ash Creek Valleys
are driven wells. They generally are made by driving a 1V4- to
11%-inch pipe (equipped at the bottom with a screened drive point)
down below the water table. Such wells generally can be put down
only where the water-bearing material is sufficiently permeable to
permit water to flow freely into the pipe, where the material is un-
consolidated enough to permit a pipe to be driven, and where the
depth to water level is not more than about 20 feet below land sur-
face. Where the material near the surface is too consolidated to
permit a pipe to be driven, the well generally is dug to a less con-
solidated zone and where the depth to water exceeds 20 feet the well
generally is dug part way so that the distance from the pump cylin-
der (at the bottom of the dug part of the well) to the water table is
less than 20 feet. Driven wells in the areas of very shallow water
in the Arkansas Valley generally are equipped with a pitcher pump,
whereas in areas where the water table is deeper they generally are
equipped with a cylinder pump, the cylinder being placed at the
bottom of the dug part of the well.

DRILLED WELLS
A drilled well is one that is excavated by means of a percussion or

rotary drill. In Pawnee and Edwards Counties the drilled domes-
tic and stock wells generally are 4 to 6 inches in diameter and are
cased with galvanized-iron or wrought-iron casing. The irrigation
and public-supply wells generally are between 8 and 24 inches in
diameter. Most of the irrigation and public-supply wells in the val-
ley and sand-hills areas and the deep domestic and stock wells in
the upland areas in northern and western Pawnee County and in
northwestern Edwards County are drilled wells.

Drilled wells in consolidated deposits—Almost all the drilled
wells in Pawnee and Edwards Counties that are in or near the areas
of Cretaceous outcrops are drilled into consolidated deposits. Most
of these wells penetrate shale and limestone of the Carlile shale and/
or the Greenhorn limestone and end in sandstone in the Dakota for-
mation. They generally are cased to the bottom but a few are cased
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through the unconsolidated superficial material and a few feet into
bedrock. Water may enter the well along the entire uncased part
of the hole, but the materials above the Dakota formation in these
areas generally are nearly barren of water. In the Pawnee Valley a
few wells obtain water from the Dakota formation, the water of
poorer quality in the alluvium being cased off.

Drilled wells in unconsolidated materials—Unconsolidated ma-
terials of Quaternary age supply most of the water to wells in Paw-
nee and Edwards Counties. Wells in these deposits generally are
cased nearly to the bottom of the hole with galvanized-iron or
wrought-iron casing. Water enters most of the wells through the
end of the casing but the irrigation, railroad, and public-supply
wells generally have perforated casing to provide better intake fa-
cilities. The size of the perforations is an important factor in the
construction of a well and the capacity or even the life of the well
may be determined by it. If the perforations are too large the fine
material may filter through and fill the well, and if the perforations
are too small they may become clogged so that water is prevented
from entering the well freely.

Some wells in unconsolidated sediments are equipped with well
screens or strainers. It is common practice to select a slot size that
will pass 80 to 60 percent of the water-bearing material, depending
upon the texture and degree of assortment. Retention of the coarser
particles around the screen forms a natural gravel packing that
greatly increases the effective diameter of the well, hence increas-
ing its capacity.

Gravel-wall wells generally are effective for obtaining large sup-
plies of water from relatively fine-grained unconsolidated deposits,
and are widely used for irrigation. In constructing a well of this
type, a hole of large diameter, 30 to 60 inches, is first drilled by
the rotary method or by means of an orange-peel bucket and is tem-
porarily cased with unperforated pipe. A well screen or perforated
casing of smaller diameter than the hole is then lowered into place
and centered in the large pipe opposite the water-bearing beds. Un-
perforated casing extends from the sereen to the surface. The an-
nular space between the inner and outer casings is then filled with
sorted gravel, preferably of a grain size just a little larger than the
openings in the screen or perforated casing, and also slightly larger
than that of the water-bearing material. In most wells of this
type a medium- or coarse-grained gravel is used, but in very fine-
grained deposits a fine-grained gravel or a coarse-grained sand
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must be used. The outer casing is then withdrawn part way to
uncover the screen and to allow the gravel packing to come in con-
tact with the water-bearing material. In deciding whether or not
to use gravel-wall construction it is important to know the char-
acter of the water-bearing material. If the material is coarse and
well sorted, it generally is unnecessary to construct a gravel-wall
well.

According to McCall and Davison (1939, p. 29) the drawdown
in a well can be kept at a minimum in several ways:

First, the well should be put down through all valuable water-bearing
material. Secondly, the casing should be properly perforated so as to admit
water to the well as rapidly as the surrounding gravel will yield the water.
Third, the well should be completely developed so that the water will flow
freely into the well. . . . Increasing the depth of a well will have a
greater effect on reducing the drawdown than will increasing the diameter, so
long as additional water-bearing formations are encountered.

A report (Davison, 1939) containing descriptions of different
types of pumping plants, the conditions for which each is best
suited, construction methods, and a discussion of costs of construc-
tion is available from the Division of Water Resources, Kansas
State Board of Agriculture, Topeka, Kansas, and the reader is re-
ferred to this publication for additional details of well construction.

MEeTtHODS OF LirT aAND TYPES OF PuMPSs

Most of the domestic and stock wells in Pawnee and Edwards
Counties are equipped with lift or force pumps. The cylinders or
working barrels in lift pumps and in force pumps are similar and
are located below the land surface, either above or below the water
table; a lift pump generally discharges water only at the pump head,
whereas a force pump can force water above this point—such as to
an elevated tank. Pitcher pumps are used on many of the driven
wells in the Arkansas Valley and on a few of the driven wells else-
where in the area. Domestic and stock wells in the Pawnee-Ed-
wards area generally are operated by windmills but the pitcher
pumps and a few of the lift pumps are hand operated.

The discharge pipes in driven wells generally are 114 to 114
inches in diameter and in drilled wells they generally are 114 to 38
inches in diameter. The discharge pipes in the larger irrigation and
public supply wells are 4 to 10 inches in diameter.

Irrigation and public-supply wells in this area are equipped with
large centrifugal and turbine pumps. The centrifugal pumps are
used mainly in the old irrigation plants consisting of one or more dug
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and drilled wells connected to one pump. The turbine pumps are
used primarily in the newer deep irrigation and public-supply wells.
Both types of pumps generally are equipped with large engines
using gasoline or electricity for power.

UTILIZATION OF WATER

A large part of the wells in Pawnee and Edwards Counties supply
water for domestic and stock use. Most of the water used in this
area, however, is pumped from the comparatively few irrigation
wells. A few wells in this area are used for public-supply and in-
dustrial purposes.

DomEesrtic AND STock WELLS

Domestic wells supply homes with water for drinking, cooking,
and washing, and supply those schools not served by municipal
wells. Stock wells supply water for livestock, principally cattle.
Water for domestic use is obtained almost entirely from wells, but
in some of the areas of Cretaceous outcrop a few cisterns probably
are used. Most of the stock water also is obtained from wells but
in recent years there has been an increased construction of dams on
dry watercourses in areas where supplies of ground water are diffi-
cult to obtain. Although the water generally is hard, it can be used
satisfactorily for most domestic and stock purposes.

PuBric WaTER SUPPLIES

Larned, Kinsley, Lewis, and Belpre are the only cities in the
Pawnee-Edwards area having public water supplies, and they are
supplied from wells. Brief descriptions of the water-supply systems
of these cities are given below and details of well construction are
listed in the well tables at the end of the report.

Larned —The City of Larned is supplied from eight wells (44, 50,
51, 52, 53, 54, 56, and 110), of which six obtain water from the
Dakota formation and two obtain water from the alluvium of Ar-
kansas River. The wells that obtain water from the Dakota range
in depth from 123 feet to 167 feet and are cased with 10-inch
wrought-iron casing. They are equipped with turbine pumps
powered by electric motors. The wells each have a 5-inch column
pipe and a 4-inch discharge pipe. The depth to water level in each
well is reported to be 30 feet.

The two wells that obtain water from alluvium (56 and 110)
have a much larger yield. Well 56 is 70 feet deep and has a static
water level of about 10 feet. It is cased with 19-inch galvanized-
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iron casing and is equipped with a turbine pump powered by a 100-
horsepower electric motor. The well pumps 675 gallons of water a
minute into the water system but during an open-flow test it pumped
1,450 gallons a minute with a drawdown of 11 feet after several
hours of pumping. The specific capacity of the well, therefore, is
132. Well 110 is a dug well 20 feet in diameter and cased with con-
crete. Water enters the well by means of 54 screened drive points
that extend laterally from the well. The drive points are 6 inches
in diameter. The well is 26 feet deep and is equipped with two 5-
inch centrifugal pumps powered by 100-horsepower electric motors.
Each pump has an open-flow yield of 1,000 gallons a minute but
yields 600 gallons a minute when pumping into the mains. The to-
tal capacity of the eight wells when pumping into the mains is about
2,775 gallons a minute. The water is pumped directly into the
mains; the excess water is stored in an elevated steel tank having
a capacity of 500,000 gallons. :

The average daily consumption of water in 1943 was 260,000 gal-
lons, or 75 gallons per capita. The total amount of water pumped in
1943 was 136,500,000 gallons, of which 95,000,000 gallons was used
for domestic purposes, 14,200,000 gallons was used by industries,
and 27,300,000 was charged to loss. (This includes water used by
fire department, street department, and city parks.)

The ground water used by the City of Larned is hard, but is suit-
able for most domestic uses (analysis 56, Table 9).

Kinsley—The water supply for Kinsley is obtained from two
wells (264 and 265) penetrating the Meade formation in the sand-
hills area south of Arkansas River. The wells are in the NW1/4 sec.
6, T. 258, R. 18 W, about 3 miles east-southeast of the city. Well
264 is 86 feet deep and has a static water level of 41 feet, whereas
well 265, which is at a lower altitude, is 72 feet deep and has a static
water level of 32 feet. Both wells are cased with 18-inch wrought-
iron casing and are equipped with turbine pumps powered by 20-
horsepower electric motors. The wells are reported to yield about
600 gallons a minute with a drawdown of 15 feet; hence, the specific
capacity of each is 40.

The municipal supply formerly was obtained from two shallow
wells in the alluvium of Arkansas River at Kinsley, but owing to the
considerable hardness of the water a new supply was sought in the
sand-hills area where the water is of much better quality. Water
from the new wells is pumped into a short pipeline which carries the
water across Arkansas River and connects with the city mains. The
excess water is stored in two standpipes having an aggregate ca-
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pacity of 345,000 gallons, and in one surface reservoir having a ca-
pacity of 350,000 gallons. Water is distributed from the standpipes
mto the mains by the force of gravity, whereas water in the surface
reservoir is forced into the mains by means of two centrifugal pumps
having capacities of 400 and 600 gallons a minute, respectively.

The ground water used by the City of Kinsley is relatively soft,
as indicated by analysis 265 in Table 10.

Lewis.—The two wells that supply water for Lewis (223 and 224)
are located within the city at the site of the elevated storage tank.
They obtain water from the Meade formation. They are reported
to be 150 feet deep and to have a static water level of 32 feet. Well
223 is equipped with an air-lift pump powered by a gasoline engine,
and well 224 is equipped with a turbine pump powered by a 20-
horsepower electric motor. The turbine pump forces water into the
mains, the excess going into the elevated steel tank. Water raised
by the air-lift pump goes into a buried reservoir from which it is
pumped into the mains by means of a centrifugal pump, and the ex-
cess water goes into the elevated tank. The water is moderately
hard but is suitable for most uses. (See analysis 223 in Table 10.)

Belpre—The City of Belpre is supplied with water from a dug
well (210) 12 feet in diameter and 61 feet deep. The water level
was 29 feet below land surface when the well was dug but the
water level rose 12 feet as a result of above-normal precipitation
between 1941 and 1944. The well is cased with concrete and is
equipped with two 4-inch centrifugal pumps powered by 15-horse
power electric motors. The water is pumped into the mains at the
rate of 300 gallons a minute, and the excess water goes into an
elevated steel tank. The water is moderately hard but otherwise
is of good quality (anlaysis 210, Table 10).

Estimated use—Accurate data on the rate of consumption of
ground water for municipal use are available only for the public-
supply system at Larned. The average daily use of water at Larned
in 1943 was 75 gallons per capita. If it is assumed that the per
capita consumption of water was about the same in all the cities
in this area that have a public water supply, then the total pump-
age of water by these cities in 1943 probably was between 750 and
800 acre-feet.

INpUsTRIAL SuPPLIES

Pawnee and Edwards Counties are agricultural areas having
very few industries and, hence, very few industrial wells. Almost
all the industries are situated at Larned or at Kinsley and they
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obtain most of their water from the municipal water systems in
those cities. The only data on the consumption of ground water for
industrial use are those available for the City of Larned. In 1943,
the industries in Larned purchased 14,200,000 gallons of water from
the city. One of the industrial users of water in Pawnee and Ed-
wards Counties is the Atchison, Topeka, and Santa Fe Railway
Company which has wells in most of the communities in this area.
These generally are small-diameter drilled wells having a compara-
tively small yield. Most of the oil and gas companies drill water
wells to supply water for use in drilling the oil and gas tests. These
are used only during the drilling of the deep wells and then gen-
erally are abandoned.

Possibilities of further development of industrial supplies from
wells—The prospects for developing additional supplies of ground
water for industrial use in Pawnee and Edwards Counties is very
good. The unconsolidated water-bearing materials that underlie
the broad area of dune sand south of the Arkansas River are essen-
tially undeveloped. Part of this area may be irrigated in the
future, but the development of irrigation will be greatly limited by
the type of soil and by the slope of the land. These factors are not
adverse to the development of industrial supplies. Throughout this
area the pumping lift is small and the recharge conditions are favor-
able. Additional industrial supplies of ground water could be ob-
tained from wells in the alluvium of the Arkansas and Pawnee
Valleys. There, however, the water is of poorer quality and the
land is more favorable for the extensive development of irrigation.

IRRIGATION SUPPLIES

Many large wells in this area (Pl. 5) supply water to irrigate
crops—principally alfalfa, row crops, and sugar beets. Irrigation
is carried on principally in the Pawnee Valley, but there has been
considerable development in the Arkansas Valley and in the dune-
sand area south of Arkansas River. The upper part of the alluvium
in the Pawnee Valley consists primarily of silt. The soil in this
valley, therefore, is more favorable for the growth of irrigated crops
than are the sandy soils of the Arkansas Valley and the dune-said
areas.

During the summers of 1944 and 1945 an inventory of the irri-
gation wells in Pawnee and Edwards Counties was made, and esti-
mates of the total pumpage and of the acreage irrigated in 1943
were obtained. The records of all the irrigation wells visited are
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Prate 5. Irrigation wells in the Pawnee-Edwards area. A, Phinney well
(58) and sprinkler system. B, Thomas well (69). C, Stockwell well (144).
D, Eddy well (147).
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given in Tables 15 and 16 and the locations of the wells are shown
on Plate 2. Records of 127 irrigation wells (69 in Pawnee County
and 58 in Edwards County) were obtained; only 76 were in use
in 1943. The records indicate that about 3,400 acre-feet of water
was pumped in 1943 to irrigate about 3,380 acres of land.

During the years of below-normal precipitation between 1930
and 1940, irrigation in this area was extensive and many new irri-
gation wells were constructed. After 1940, however, the precipi-
tation generally was far above normal and the shortage of farm
laborers was acute. As a result, only about 60 percent of the irri-
gation wells were in use in 1943 and additional wells were aban-
doned after 1943. The pumpage from those wells in use had de-
clined sharply by 1948. Although the precipitation in this area was
below normal in 1943, the soil moisture was above normal and the
labor shortage remained acute; hence, the total pumpage was about
1 acre-foot of water for each acre of land irrigated. During this
investigation an attempt was made to learn the number of acres of
land under ditch so that an estimate of the prewar irrigated acre-
age could be made, but this proved unsuccessful. The irrigated
acreage in Pawnee and Edwards Counties in 1944 was 7,780 and
924 acres, respectively.

YIELD

The yields of the irrigation wells in Pawnee and Edwards Coun-
ties vary widely. A few of the smaller plants yield less than 250
gallons a minute, whereas some of the larger plants yield nearly
2,000 gallons a minute. The yields of the irrigation wells given in
Tables 15 and 16 were reported by the owners and may be subject
to considerable error. In Table 4 the irrigation wells of Pawnee
and Edwards Counties are classified according to their yield.

TasLE 4. Yield of irrigation wells tn Pawnee and Edwards Counties

Yield — NUMBER 0F WELLS—————
(gallons a minute) Pawnee County Edwards County Total
Less than 250.............ccoiiiiiinnat. 1 5 6
251-T50 ..o 20 15 35
751-1250 oo oier e 32 17 49
Greater than 1250...............coovvt.. 9 8 17
Unknown ........coeeiiiinuniinnnnennn. 7 13 20

Total ... 69 58 127

The yield of many of the earlier plants in this area (particularly
in Pawnee Valley) were increased by connecting a battery of
shallow wells to one pump. These plants used centrifugal pumps;
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hence the yields were limited because the drawdown could not ex-
ceed the suction limit. In recent years the tendency has been to
drill single deep gravel-wall wells and to equip them with turbine
pumps. The newer wells generally draw water from all water-
bearing materials above the Cretaceous bedrock.

CONSTRUCTION

Most of the larger irrigation wells in Pawnee and Edwards Coun-
ties were constructed by professional well drillers; however, many
of the wells, particularly in Edwards County, were drilled by farm-
ers. The home-made plants generally are poorly constructed and
have low efficiencies. This probably accounts in part for the high
rate of abandonment of irrigation wells in Edwards County.

Several methods of well construction have been used in Pawnee
and Edwards Counties. The older irrigation wells in this area were
constructed by digging a pit nearly to the water table and then
drilling a well through the bottom of the pit. The sides of the pit
generally were walled with wood or concrete and the drilled part
was cased with perforated galvanized-iron casing. In wells having
a small yield and a small drawdown, the pumps were placed at the
ground surface, but where the anticipated yield and drawdown were
large, the pumps were placed at the bottom of the pit. Where
greater yields were desired, several wells of this type were dug and
drilled and were connected to one pump. These wells generally
were only 30 to 50 feet deep and did not utilize the entire thickness
of coarse water-bearing material.

Most of the newer plants in the Pawnee-Edwards area consist
of a single gravel-wall well that penetrates all water-bearing ma-
terials above the Cretaceous bedrock. These wells are equipped
with deep-well turbine pumps (Pl 5). The details of construction
of this type of gravel-wall well are described on page 40.

Wells of greater capacity and efficiency than many now in use
could be obtained in this area if better methods of well construction
were used. Most of the home-made plants in Edwards County do
not penetrate the entire thickness of water-bearing material. Many
of the plants consisting of a battery of wells are poorly constructed
and the individual wells are never spaced widely enough to prevent
mutual interference. The wells of a plant practically never are
aligned in a direction at right angles to the direction of movement
of ground water, but instead are generally aligned along a fence or a
road, causing an increase in the mutual interference of the wells.
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Some wells in Pawnee and Edwards Counties penetrate water-bear-
ing formations that are so fine-grained that the wells should be
gravel-packed; others have been gravel-packed with gravel that is
less satisfactory than the water-bearing material it replaced. For
detailed descriptions of gravel-packing, the reader is referred to
Rohwer (1940), Bennison (1943), and Davison (1939).

DEPTH AND DIAMETER

More than half the irrigation wells in the Pawnee-Edwards area
are less than 50 feet deep, owing to the large number of shallow
home-made wells in Edwards County and to the many old dug and
drilled wells in the Pawnee Valley. The deeper wells are largely
the newer wells that are equipped with turbine pumps. The irriga-
tion wells in Pawnee and Edwards Counties are classified in Table
5 according to depth.

The diameters of the irrigation wells in this area range from 8
inches in a few of the small plants to several feet in a few dug
wells. Most of the wells are cased with galvanized-iron casing
ranging in diameter from 16 to 24 inches. The irrigation wells in
this area are classified in Table 6 according to diameter. For wells
that are dug and drilled, the diameter of the drilled part is given.

TaBLE 5—Depth of irrigation wells in Pawnee and Edwards Counties

Number of wells
x4
eet :

Pawnee Edwards
County County Total
Lessthan 50...................... 22 47 69
51-75. .. 16 8 24
76-100..................... 21 3 24
101-125. . ... ... 6 0 6
Unknown................ R 4 0 4
Total........................ 69 58 127

PUMPS

Most of the irrigation wells in Edwards County and the older
irrigation wells in Pawnee County are equipped with centrifugal
pumps, ranging in diameter of discharge pipe from 3 to 10 inches.

4—4221
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TaBLE 6.— Diameter of irrigation wells in Pawnee and Edwards Counties

|
Number of wells Number of wells
Diameter Diameter
(inches) Pawnee | Edwards Total (inches) Pawnee | Edwards Total
County | County County | County
Less than 16 3 6 9 22 0 13 13
16....... 6 9 15 24 17 5 22
18....... 2 4 6 Greater 4 8 12
than 24
19....... 29 1 30 || Unknown 4 10 14
20....... 4 2 6 Total 69 58 | 127

Most of the newer deep wells are equipped with turbine pumps, al-
though some of the new shallow wells have centrifugal pumps. The
diameters of the discharge pipes of the turbine pumps range from

6 to 10 inches.

PUMP POWER

Stationary gasoline engines and tractors are used to operate most
of the irrigation wells in Pawnee and Edwards Counties. Twenty-
three plants are operated by electric motors and only one is oper-
ated by a natural-gas engine (Table 7). The power units generally
are belted to the pump pulleys, but in some of the newer plants the
motors are direct-connected to the shafts.

TasLe 7—~Type of power used for pumping irrigation wells in Pawnee and
dwards Counties

Number of wells

Type of power

Pawnee Edwards Total

County County
Electric motor. . .................. 19 4 23
Gasoline engine. . ................. 31 20 51
Natural-gasengine. . .............. 1 0 1
Tractor.................... il 15 29 44
Unknown........................ 3 5 8
Total..........coooiiii.. 69 58 127




Pawnee and Edwards Counties 51

POSSIBILITIES OF FURTHER DEVELOPMENT OF IRRIGATION SUPPLIES
FROM WELLS

For the purpose of discussion, Pawnee and Edwards Counties
may be divided into three areas based upon the possibilities of fur-
ther development of irrigation supplies from wells: (1) dune-sand
area, (2) Arkansas Valley, and (3) Pawnee Valley.

Dune-sand area—The development of irrigation in the area of
dune sand lying south of the Arkansas Valley is limited primarily
by soil and surface slope. In the areas of youthful and mature
dunes (Pl. 1) the soil is loose and sandy and is not suitable for irri-
gation and, in addition, the slope of the land is too great. In the
areas of old-age dune sand (Pl. 1) the slopes are much less and the
soil is thicker and more compact. Within these areas there is much
land having soils and slopes such that irrigation could be developed.
The depth to water level in all these areas is less than 50 feet. The
thickness and coarseness of the water-bearing materials in this area
are sufficiently great to permit the development of wells having
moderately large yields. The porous soil and the undeveloped
drainage in a large part of this area greatly facilitate recharge from
precipitation.

Arkansas Valley—Irrigation in the Arkansas Valley in Pawnee
and Edwards Counties has been developed only slightly, owing in
part to the character of the soil, which is too sandy or gravelly in
some places. It is believed, however, that there is adequate ground
water in the alluvium of the Arkansas Valley to permit extensive
development of irrigation from wells. Inasmuch as the soil in many
parts of the valley is very porous, the recharge from precipitation
is rapid. In addition, water added to the ground-water reservoir
by recharge in the sand-hills area adjacent to the valley moves into
the alluvium in the Arkansas Valley.

If irrigation from wells were developed extensively in the Ar-
kansas Valley and the water table were lowered over a wide area,
Arkansas River would become a losing stream and would contribute
large quantities of water to the ground-water reservoir in the valley.
The amount of water that would be added to the ground-water
reservoir by loss of stream flow is not known but it probably would
be large. By way of comparison, the loss of water in Arkansas
River between Syracuse and Garden City (a distance of about 50
miles) averaged nearly 32,000 acre-feet annually between 1922 and
1942 even though there was a net gain during two of those years
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(78,118 acre-feet in 1923-1924 and 6,830 acre-feet in 1928-1929).
The greatest loss amounted to nearly 78,000 acre-feet in the water
year 1941-1942, at the end of a long drought during which the water
table had declined as much as 10 feet largely as a result of heavy
withdrawals of water by wells for irrigation. The recharge from
rainfall and from stream loss in the water year 1941-1942 was suf-
ficient to restore the water table to its approximate pre-drought
position, thus replenishing the ground-water reservoir (McLaughlin,
1943).

The channel of Arkansas River in Pawnee and Edwards Counties
is very similar to the channel between Syracuse and Garden City;
that is, it is in most places wide and sandy and would permit rela-
tively rapid downward percolation of water. Records of the stream
flow at Garden City and Larned and of the loss of stream flow be-
low those stations give some idea of the potential recharge from

TasLe 8 —Annual discharge of Arkansas River at Garden City and Larned,
and loss or gain of stream flow between Garden City and Larned for the
18-year period from Oct. 1, 1922, to Sept. 30, 1940.1

Loss (—) or gain (+)
between Garden City
Water year Annual Annual and Larned
(Oct. 1 discharge at | discharge at

through Garden City Larned
Sept. 30) (acre-feet) (acre-feet) Percentage of

Acre-feet discharge at

Garden City

1922-1923 484,000 459,000 —25,000 5.2
1923-1924 562,581 544 ,7572 —17,824 3.0
1924-1925 113,000 85,800 —27,200 24.1
1925-1926 15,600 46,600 431,000 198.7
1926-1927 204,000 243,000 439,000 19.1
1927-1928 236,000 247,000 +11,000 4.7
1928-1929 133,000 158,000 +25,000 18.8
1929-1930 42,600 77,500 434,900 81.9
1930-1931 120,000 187,000 467,000 55.8
1931-1932 11,700 41,600 429,900 255.5
1932-1933 50,000 56,200 +6,200 12.4
1933-1934 11,960 22,690 410,730 89.7
1934-1935 81,720 109,700 +27,980 34.2
1935-1936 199,400 162,900 436,500 18.3
1936-1937 - 37,290 45,100 +7,810 20.9
1937-1938 32,940 42,820 -+9,880 30.0
1938-1939 21,550 38,340 416,790 77.9
1939-1940 1,340 54,678 453,338 3,980.4

1. From records compiled by the Division of Water Resources of the Kansas State
Board of Agriculture in codperation with the Water Resources Branch of the U. S. Geological
Survey.

2. Includes estimated flow of 100,000 acre-feet for January and February.
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Arkansas River in this area (Table 8). The records show that gen-
erally Arkansas River gains in stream flow between Garden City
and Larned. Much of this gain probably is derived from ground-
water discharge and represents water lost from the ground-water
reservoir that could be salvaged largely by a general lowering of
the water table. The water thus salvaged would then be available
to wells. Part of the gain in stream flow, however, is caused by ad-
ditions of water from small tributary streams although no large
tributaries are confluent with Arkansas River between the two
gaging stations.

The records also show that the channel of the river between Gar-
den City and Larned is capable of absorbing relatively large quan-
tities of water. There was a net loss in stream flow during the
period from 1922 to 1925, the maximum loss being 27,200 acre-feet
during the water year 1924-1925.

Pawnee Valley—Irrigation from wells has been developed more
fully in the Pawnee Valley than in the Arkansas Valley in the
Pawnee-Edwards area, owing primarily to the character of the soil,
which is more suitable for irrigation. The upper part of the allu-
vium in the Pawnee Valley consists of clay and silt in most places
and the soil derived from these materials generally is more suitable
for irrigation than is soil derived from coarser sediments. The records
of water levels in the Pawnee Valley show that the pumpage for
irrigation between 1940 and 1947 did not materially affect the water
level; in fact, the water table was higher in some areas in 1947 than
it was in 1940. This period, however, was one of above-normal
precipitation and below-normal pumpage.

The records of water-level fluctuations show that the ground-
water reservoirs in this area are recharged from precipitation. The
recharge from precipitation in the Pawnee Valley is believed to be
less than that in the Arkansas Valley and areas south of that valley
because the upper part of the alluvium is relatively fine-grained,
which naturally reduces the rate of infiltration. The water table
fluctuates in the relatively fine-grained material in the upper part
of the alluvium; thus a given rise in water level reflects a smaller
addition of water than an equal rise in coarser-grained material.
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Pawnee River is also a possible source of recharge of the ground-
water reservoir in the Pawnee Valley. If pumping for irrigation in-
creases to the extent that the water table adjacent to the stream is
lowered below the level of the stream channel, the river will then
contribute water to the ground-water reservoir. The loss in stream
flow probably would be small compared to that in parts of the Ar-
kansas Valley because the channel is narrow and its bottom and
sides generally consist of silt or clay, thus retardlng the downward
percolation of water.



Pawnee and Edwards Counties 55

QUALITY OF WATER

The chemical character of the ground waters in Pawnee and Ed-
wards Counties is indicated by the analyses in Tables 9 and 10.
The analyses were made by H. A. Stoltenberg in the Water and
Sewage Laboratory of the Kansas State Board of Health. Seventy-
one samples of water were collected from representative wells dis-
tributed as uniformly as possible within the area and among the
water-bearing formations. The constituents listed were determined
by methods used by the U. S. Géological Survey.

CueMmicaL CoNSTITUENTS IN RELATION TO USE

The following discussion of the chemical constituents of ground
water in relation to use has been adapted from publications of the
U. 8. Geological Survey.

Dissolved solids—When water is evaporated the residue consists
mainly of the mineral constituents listed in the tables of analyses
and generally includes a small quantity of organic material and a
little water of crystalization. Waters containing less than 500 parts
per million of dissolved solids generally are satisfactory for do-
mestic use, except for difficulties resulting from their hardness or
excessive content of iron. Waters containing more than 1,000 parts
per million are likely to include enough of certain constituents to
cause a noticeable taste or to make the water unsuitable in some
other respects.
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The dissolved solids in samples of water from Pawnee and Ed-
wards Counties ranged from 145 to 8,834 parts per million. Ten
of the samples contained between 500 and 1,000 parts per million
and seven samples contained more than 1,000 parts per million
(Table 11). More than 75 percent of the samples of water con-
tained less than 500 parts per million and, therefore, are suitable
- for most ordinary uses.

Hardness—The hardness of water, which is the property that
generally receives the most attention, is most commonly recognized
by its effects when soap is used with the water for washing. Cal-
cium and magnesium cause almost all the hardness of ordinary
water. These constituents also are the active agents in the forma-
tion of most of the scale in steam boilers and in other vessels in
which water is heated or evaporated.

TaBLe 11 —Dissolved solids in samples of water from wells in Paunee and
Edwards Counties

Number of samples
Seetai
Pormee | Tvards | oga

101-200.......................... 1 2 3
201-300........... ...l 14 8 22
301-400.......................... 17 1 18
401-500. . ..., 8 3 11
501-600. . ........... i, 3 0 3
601-700............ ... ... 3 1 4
701-800. ...t 1 0 1
801-900............ ...l 0 0 0
901-1,000. ..., 2 0 2
More than 1,000.................. 7 0 7

Total..................oo... 56 15 71
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In addition to the total hardness, the tables of analyses show the
carbonate hardness and the noncarbonate hardness. The carbonate
hardness is that caused by calcium and magnesium bicarbonates and
can be almost entirely removed by boiling. In some reports this
type of hardness is called temporary hardness. The noncarbonate
hardness is caused by sulfates and chlorides of calcium and mag-
nesium, but it cannot be removed by boiling and has been called
permanent hardness. With reference to use with soap, there is no
difference between the carbonate and noncarbonate hardness. In
general the noncarbonate hardness forms harder scale in steam
boilers.

Water having a hardness of less than 50 parts per million gen-
erally is rated as soft, and its treatment for the removal of hardness
under ordinary circumstances is not necessary. Hardness between
50 and 150 parts per million does not seriously interfere with the
use of water for most purposes; however, it does slightly increase
the consumption of soap, and softening is profitable for laundries
or other industries using large quantities of soap. Waters in the
upper part of this range of hardness will cause scale on steam boil-
ers. Hardness of more than 150 parts per million can be noticed
by anyone, and if the hardness is 200 or 300 parts per million it is
common practice in some parts of the country to soften water for
household use or to install cisterns to collect soft rain water. Where
municipal water supplies are softened, an attempt generally is made
to reduce the hardness to 60 or 80 parts per million. The additional
improvements from further softening of a whole public supply is
not deemed worth the increase in cost.

Water samples collected in Pawnee and Edwards Counties ranged
in hardness from 96 to 2,734 parts per million; hence none of the
samples of water would be rated as soft. Only 3 of the 71 samples
had a hardness of less than 150 parts per million, whereas 61 of the
71 samples had a hardness between 150 and 400 parts per million
(Table 12).

Iron—Next to hardness, iron is the constituent of natural waters
that in general receives the most attention. The quantity of iron
in ground waters may differ greatly from place to place, even though
the waters are derived from the same formation. If a water con-
tains much more than 0.1 part per million of iron, the excess may
precipitate and settle as a reddish sediment. Iron, which may be
present in sufficient quantity to give a disagreeable taste and to
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stain cooking utensils and porcelain fixtures, may be removed from
most waters by simple aeration and filtration, but a few waters re-
quire the addition of lime or some other substance.

TaBLE 12.—Hardness of samples of water from wells in Pawnee and Edwards

Counties
Number of samples
(partI;I %;cin;si?ﬁon)
Pee | Tvords | o
Lessthan 100..................... 0 1 1
101-200..................... 13 8 21
201-300..................... 25 3 28
301-400..................... 9 3 12
401-500..................... 3 0 3
501-600..................... 1 0 1
601-700..................... 2 0 2
'f01—800 ..................... 0 0 0
801-900..................... 1 0 1
901-1,000................... 0 0 0
More than 1,000.................. 2 0 2
Total................. .. ... 56 15 71

The iron content of samples of water from wells in Pawnee and
Edwards Counties ranged from less than 0.1 part to 34 parts per
million, the greatest concentration being in water from the Dakota
formation. Forty-six of the samples contained 1 part per million
of iron or less and 14 samples contained more than 5 parts per
million (Table 13).

5—4221
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TaBLE 13—Iron content of samples of water from wells in Pawnee and
Edwards Counties

Number of samples
Iron
(parts per million) Pawnee Edwards Total
County County

0.0-0.10...................... 10 7 17

0.11- 1.0 23 6 29
1.1-2.0..... . 3 0 3

2.1-3.0. ... 3 1 4

3. 1-4.0. ... 2 0 2

4.1-5.0. ... 2 0 2

5.1-10.0. .. ... 9 0 9

10.1-20.0. ... ... 3 1 4
20.1-30.0. ... ... ... 0 0 0
30.1-40.0. .. ... ... 1 0 1
Total......... ... .. ... ...... 56 15 71

Fluoride—Although determinable quantities of fluoride are not
as common as fairly large quantities of the other constituents of
natural water, it is desirable to know the amount of fluoride in
water that is likely to be used by children. Fluoride in drinking
water has been shown to be associated with the dental defect known
as mottled enamel, which may appear on the teeth of children dur-
ing the period of formation of the permanent teeth. It has been
stated that waters containing more than 1.5 parts per million of
fluoride are likely to produce mottled enamel on the teeth of chil-
dren (Dean, 1936). If the water contains as much as 4 parts per
million of fluoride, 90 percent of the children drinking the water are
likely to have mottled enamel, and 35 percent or more of the chil-
dren will have moderately or badly mottled enamel. Contents of
fluoride up to 1 part per million are believed to be beneficial in in-
hibiting tooth decay.

Fifteen of the 71 samples of water collected in Pawnee and Ed-
wards Counties contained 1 part per million or more of fluoride,
the greatest concentrations being in waters from the Dakota forma-
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tion. The fluoride content of the waters ranged from 0.1 part to
4.6 parts (Table 14).

TaBLE 14 —Fluoride content of samples of water from wells in Pawnee and
Edwards Counties

Number of samples
(partgg:e(;rilgﬁ]ion) Edward
Connty | ‘Cousty | Total
Lessthan0.5...... ... ... ... . .. 17 2 19
0.5-0.9........... .. ... ... 25 8 33
1.0-1.4................ ... .. 8 0 8
1.5-1.9.. ... .. 1 1 2
2.0-2.4.......... ... ... ... 2 1 3
2.5-2.9.. ... . 1 0| 1
More than2.9.......... .. ... . .. .. 1 0 1
Total....................... 55 12 67

Water for irrigation—The suitability of water for irrigation is
commonly believed to depend mainly on the quantity of soluble
salts and on the ratio of the quantity of sodium to the total quantity
of sodium, calcium, and magnesium. The quantity of chloride may
be large enough to affect the use of the water, and in some areas
there may be other constituents, such as boron, in sufficient quantity
to cause difficulty. In a discussion of the interpretation of analyses
with reference to irrigation in southern California, Scofield (1933)
states that if the concentration of dissolved salts is less than 700
parts per million there is not much probability of harmful effects
in irrigation, but that if it exceeds 2,100 parts per million there is a
strong probability of damage to the crops, to the land, or to both.
Water containing less than 50 percent sodium (the percentage being
calculated as 100 times the ratio of the sodium to all the bases, in
equivalents) is not likely to be injurious, but if it contains more
than 60 percent sodium its use is inadvisable. Similarly, less than
about 150 parts per million of chloride is not objectionable, but
more than about 350 parts per million of chloride is undesirable. It
is recognized that the harmfulness of irrigation water is so dependent
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upon the type of land and crops, on the manner of use, and on the

drainage that no definite limits can be adopted.

Most of the waters of Pawnee and Edwards Counties can be used

safely for irrigation.
700 and 2,100 parts per million of dissolved solids.

Eight samples of water contained between

Five of these
samples were from the alluvium of the Arkansas Valley but three
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were from the Dakota formation, which would not yield sufficient
water for extensive irrigation. Waters from two wells contained
more than 2,100 parts per million of dissolved solids and probably
would be harmful to crops. One of these samples was from the
alluvium of the Arkansas Valley and the other was from the Permian
redbeds. ’

The sodium content of only four samples of water exceeded the
limit set by Scofield. These samples were from the Dakota for-
mation and the Permian redbeds, two formations that do not yield
water to irrigation wells in this area. Three samples of water con-
tained between 150 and 350 parts per million of chloride and two
samples contained more than 350 parts. Of these samples, only
one was from a formation that yields water to irrigation wells in
this area. The concentration of borate in six samples of water from
wells in Pawnee County was determined but it was not sufficient to
be harmful to crops. '

SANITARY CONSIDERATIONS

The analyses of water given in Tables 9 and 10 show only the
amounts of dissolved mineral matter in the water and do not in-
dicate the sanitary quality of the water. An abnormal amount of
certain mineral matter, such as more than a few parts per million
of nitrate, however, may indicate pollution of the water.

Most of the population of Pawnee and Edwards Counties is de-
pendent upon water supplies from wells, and every precaution should
be taken to protect these supplies from pollution. A well should
not be constructed near possible sources of pollution, such as barn-
yards, privies, and cesspools, and every well should be tightly sealed
to a level somewhat below the water table. Dug wells are more
likely to be contaminated from surface sources than are drilled
wells, chiefly because dug wells generally are not effectively cased
or sealed at the top. Drilled wells generally are well protected by
the casing, athough many are poorly sealed at the top.

QUALITY IN RELATION To WATER-BEARING FORMATIONS

The quality of water from the principal water-bearing formations
in Pawnee and Edwards Counties is shown in Figure 10 and is dis-
cussed below.

Permian redbeds.—The undifferentiated redbeds of Permian age
yield little or no water to wells in this area, but the quality of the
water from these beds is important because of the danger of pollu-
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tion of the overlying beds that contain fresh water. Several deep
wells and test holes in this area have encountered salt water under
artesian pressure in these deposits. It is essential, therefore, that
such wells and test holes be effectively sealed to prevent contamina-
tion of other waters. One well, near Frizell, was reported to have
had a flow of nearly 700 gallons a minute. Test hole 28 encountered
salt water under artesian pressure. The analysis of this water is
shown in Figure 10. This hole was cemented to prevent contamina-
tion of other waters.

Dakota formation—Water from the Dakota formation generally
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contains a large amount of dissolved solids (the average for 10
samples was 669 parts per million) but is only moderately hard,
owing to natural softening (Figs. 10 and 11). The dissolved solids
ranged from 361 to 1475 parts per million, whereas the hardness
ranged from 131 to 301 parts per million. Water from the Dakota
formation generally contains a relatively high ratio of sodium to
the total bases. This ratio exceeded 50 percent in 4 of the 10 samples,
the highest being 86 percent. These relatively soft sodium bicar-
bonate waters may represent calcium bicarbonate waters in which
the calcium and magnesium have been exchanged for sodium by re-
action with base-exchange silicates in the rocks as the water perco-
lated through the formation. The base-exchange silicates probably
are the clay-forming minerals in the Dakota formation. The degree
of softening depends upon the amount and softening capacity of
base-exchange silicates in the clay and upon the length of time the
hard water remains in contact with the silicates.

All but one of the samples of water from the Dakota formation
contained sufficient fluoride to be harmful to children’s teeth. The
fluoride content of these samples ranged from 0.5 part to 4.6 parts
per million and averaged 2.0 parts.

Greenhorn limestone—Two samples of water were collected from
wells penetrating the Greenhorn limestone. They were calcium
bicarbonate waters containing 854 and 409 parts per million of dis-
solved solids and having hardnesses of 204 and 334 parts per million,
respectively (Fig. 10). The fluoride contents were 0.2 and 1 part
per million, respectively.

Carlile shale—The Fairport chalky shale member of the Carlile
shale yields small quantities of water to a few wells in northern
Pawnee County. The dissolved solids in samples of water from
three of these wells averaged 506 parts per million and the hardness
averaged 339 parts per million. The fluoride content ranged from
0.1 part to 1.1 parts per million.

Meade formation—These deposits, which underlie the dune-sand
area south of Arkansas River, contain the softest ground water in
Pawnee and Edwards Counties. The amount of dissolved solids
in 23 samples of water from these beds ranged from 145 to 439
parts per million and averaged 274. The hardness ranged from 96
to 282 and averaged 184. The fluoride content of these waters
generally is low, as indicated by Figure 12. None of the samples
contained enough fluoride to be harmful to children’s teeth, the
average fluoride content being 0.5 part per million,
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Terrace deposits—Waters from these deposits are moderately
uniform in chemical quality. The amount of dissolved solids in 14
samples ranged from 287 to 696 parts per million and averaged 390
parts. The hardness, which ranged from 218 to 432 parts per mil-
lion, averaged 288 parts per million. The fluoride content of these

ewaters generally is low (average 0.5 parts per million) and only
one sample contained as much as 1.0 part per million.

Alluvium.—Eighteen samples of water from the alluvium of the
Pawnee and Arkansas Rivers were analyzed. The composition of
the waters in the two valleys is not alike (Fig. 10).
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Water from the alluvium of the Arkansas Valley generally is very
hard but may be much softer on the south side of the valley (Fig.
11) near the sand dunes because of the movement of the softer water
from the south into the valley. The amount of dissolved solids in
eight samples of water from wells that were not close to the sand
dunes ranged from 493 to 2,250 parts per million and averaged 1,176.
The hardness, which ranged from 302 to 1,066 parts per million,
averaged 612 parts. The amounts of dissolved solids in three sam-
ples of water from wells near the edge of the sand dunes were 246,
307, and 543 parts per million. The hardnesses were 175, 196, and
359 parts, respectively. The fluoride content of waters from the
alluvium of the Arkansas Valley averaged 0.7 part per million.

Waters from the alluvium of the Pawnee Valley were softer than
the average water from the alluvium of the Arkansas Valley (Figs.
10 and 11). The average amount of dissolved solids in these waters
was 327 parts per million and the average hardness was 268 parts
per million. The average fluoride content of these waters (0.5 part
per million) was slightly lower than that of waters from the allu-
vium of the Arkansas Valley.

GEOLOGIC FORMATIONS AND THEIR WATER-BEARING
PROPERTIES

PErRMIAN SYSTEM
UNDIFFERENTIATED REDBEDS

General description.—Undifferentiated redbeds of Permian age
underlie the Cretaceous rocks in Pawnee and Edwards Counties.
They do not crop out in this area; hence their lithologic character
is known only from a few well cuttings. The redbeds consist pri-
marily of red siltstone and sandstone containing gypsum and an-
hydrite (calcium sulfate with and without water of crystallization,
respectively).

Water supply.—Several wells and test holes in this area have
encountered salt water under strong artesian pressure. A deep well
near Frizell was reported to have a yield of nearly 700 gallons of
salt water a minute. Darton (1905) reported that two wells at
Larned, drilled to depths of 743 and 756 feet, yielded salt water at
the rate of 400 and 250 gallons a minute, respectively. Water from
the shallower well had a temperature of 65° F. and rose to a level
50 feet above the land surface. Test hole 28 at the NW cor. sec.
32, T. 21 S, R. 18 W, encountered salt water under artesian pres-
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sure at a depth of about 400 feet. An analysis of the water is
shown in Table 9 and Figure 10.

CRETACEOUS SYSTEM
Cheyenne Sandstone

Character—The Cheyenne sandstone does not crop out in Paw-
nee and Edwards Counties, hence little is known of its lithologic
character in this area except as determined by the cuttings from
five test holes (PL 8). The formation has been described in detail
by Latta (1946) at the type locality near Belvidere, which is about
20 miles south of the south line of Edwards County. Latta (1946,
p. 235) states:

The Cheyenne consists chiefly of light-colored fine- to medium-grained
friable cross-bedded sandstone and lenses of sandy shale and conglomerate.
Minor amounts of clay, selenite crystals, iron nodules, and pyrite occur in
different parts of the formation. . . . Sandstone is by far the most domi-
nant type of rock in the Cheyenne. The most common colors of the sand-
stone are white, light gray, and tan, but in some places iron staining has pro-
duced beautiful shades of yellow, red, purple, and brown along bedding and
lamination planes or in irregular splotches. The brightly colored zones are
most common in the upper half of the formation. The texture of the sand-
stone ranges from flourlike material of silt and clay size to fine gravel, but
fine- to medium-grained sandstone is most common. The material in general
is well sorted although the degree of assortment varies from one part of the
formation to another and from one locality to another.

The materials encountered in test holes drilled by the State and
Federal Surveys is primarily fine- to medium-grained sandstone con-
taining gray and gray-green shale and a little siltstone.

Duistribution and thickness.—The Cheyenne sandstone probably
underlies all or most of Pawnee and Edwards Counties (Pl. 3) as
well as large areas of southwestern Kansas, except in some of the
counties in the southern tier. The formation crops out in very few
places in southwestern Kansas. The principal localities of out-
crops are in the Belvidere area in southeastern Kiowa County and
in adjacent areas in Comanche and Barber Counties. Sandstone
in outcrops in Clark County is of undetermined age but may belong
to the Cheyenne sandstone.

The thickness of the Cheyenne sandstone has been reported by
Latta (1946) to range from 32.5 to 94 feet in the Belvidere area
and to average about 45 feet. The thickness of the formation in
Pawnee and Edwards Counties, as determined by test drilling,
ranged from about 19 feet in test holes 28 and 88 to 47 feet in test
hole 95. The average thickness was about 27 feet.
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Age and correlation—The exact age of the Cheyenne sandstone
is not known. Berry (1922, p. 226) reports that the flora is post-
Trinity and pre-Woodbine, which would place the Cheyenne in the
Fredericksburg or Washita. Bullard (1928, p. 53) states that the
Cheyenne is pre-Washita or may represent a part of the most basal
Washita. The Cheyenne probably is also equivalent to the lower
sandstone member of the Purgatoire formation of eastern Colorado
and the Oklahoma Panhandle. During investigations of the geology
and ground-water resources of most of the counties in southwestern
Kansas, members of the State and Federal Surveys have traced the
Cheyenne sandstone and Kiowa shale, by means of extensive test
drilling, from the type localities in Kiowa County to the Kansas-
Colorado State line in Morton and Stanton Counties. There is
little doubt, therefore, that these beds are equivalent to the near-by
Purgatoire formation.

Water supply—The Cheyenne sandstone is an important poten-
tial source of ground water but is unexploited in Pawnee and Ed-
wards Counties, owing to its considerable depth and to the avail- -
ability of larger supplies of potable water in the overlying
formations.

Kiowa SHALE

Character—The Kiowa shale does not crop out in Pawnee and
Edwards Counties and its lithologic character is known only from
cuttings from test holes and from its exposures in adjacent areas,
particularly in the type locality near Belvidere in Kiowa County.

Latta (1946, p. 244) describes the Kiowa shale in the vieinity of
the type locality as follows:

The Kiowa shale consists dominantly of thinly laminated dark-gray to
black shale in the lower part grading upward into gray, tan, mottled tan, red,
and brown clay and clay shale. The shale in the lower part generally is black

and has been called a paper-shale because it is so thinly laminated. A con-
spicuous feature of the formation, especially of the lower part, is the presence

of thin beds of shell limestone.

Latta states that large lenses of sandstone occur at the top of
the formation in some places and that thin lenses of sandstone occur
throughout the formation.

The material encountered in test drilling through the Kiowa shale
in Pawnee and Edwards Counties consisted principally of light-
to dark-gray and black clay shale containing thin beds of sand-
stone. Thin layers of pyrite were encountered in several of the
test holes. A hard layer of limestone that may be equivalent to
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one of the beds of shell limestone was encountered in test hole 28 at
a point 78 feet above the base of the formation. Small fragments
of limestone were noted in some of the other test holes.

Distribution and thickness—The Kiowa shale crops out in small
areas in Kiowa, Clark, Comanche, and Barber Counties and over a
wide area in central Kansas. The formation underlies all of Paw-
nee and Edwards Counties and much of southwestern Kansas,
where it is in most places concealed beneath Cretaceous, Tertiary,
or Quaternary rocks.

The maximum reported thickness of the Kiowa shale is 293 feet
in the Belvidere area (Latta, 1946). The formation has a maxi-
mum thickness of 100 to 125 feet in central Kansas and about 135

'feet in southwestern Kansas. The thickness of the formation in
Pawnee and Edwards Counties, as determined by test drilling,
ranged from 133 feet to 222 feet and averaged about 180 feet.

Age and correlation—The Kiowa shale is Comanchean, but its
position within the Comanchean has been in dispute for many years.
Discussions concerning the age of the Kiowa have been summarized
by Latta (1946, p. 248), who concluded that:

The available evidence indicates, therefore, that the Kiowa shale is equiva-

lent in age to the Washita division and possibly in part to the Fredencksburg
division of the Texas section.

As stated in the section on the Cheyenne sandstone, the Kiowa
shale has been traced by means of test drilling from the type lo-
cality to the Kansas-Colorado State line; hence, the formation
probably is equivalent to the upper shale member of the Purgatoire
formation of southeastern Colorado and the Oklahoma Panhandle.

Water supply—No wells in Pawnee and Edwards Counties ob-
tain water from the Kiowa shale. Small quantities of water may
be available from beds of sandstone within the Kiowa but larger
qauntities of potable water are available from overlying formations.

Daxkora ForMmaTION

Character—The lithology of the Dakota formation in the Paw-
nee-Edwards area was determined from the study of a few small
outcrops (Pl. 6) and of the cuttings from more than 100 test holes
that penetrated the formation. The formation consists principally
of buff, yellow-brown, and brown sandstone and varicolored clay
and sandy clay. Where the formation is exposed the sandstone
may be thin-bedded to massive but generally is strongly ripple-
marked and cross-bedded. Where the sandstone is well cemented,
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as at Larned, it forms steep bluffs. In other areas, however, the
beds of the formation are poorly cemented and form low, smooth
hills having a thick cover of soil. For this reason the outcrops in
many areas are far apart or are absent, and the contacts between
the Dakota and younger formations are difficult to map.

In a few places in Pawnee County there are zones of hard iron-
stone and very hard quartzitic sandstone. These deposits weather
to large rounded boulders and hard outcropping ledges (Pl 7).

Distribution and thickness—The Dakota formation crops out in
several isolated areas in Pawnee County (Pl. 1), particularly in
the vicinity of Larned and of Burdett. The Dakota underlies all of
Pawnee County except perhaps local areas in the eastern part of
the county, and it underlies all but the southeastern part of Ed-

*wards County (Pl. 3).

The Dakota is reported to attain a maximum thickness of about
275 feet in north-central Kansas (Plummer and Romary, 1942, p.
330). None of the test holes in Pawnee and Edwards Counties
penetrated the entire thickness of the Dakota formation but it is
believed that the average thickness of the Dakota in this area is
about 200 feet (Pl. 3). Test hole 61, which entered the formation
at a point below the base of the Graneros shale, penetrated 183 feet
of the Dakota formation before entering the Kiowa shale.

Age and correlation—The Dakota formation, as defined by the
Kansas Geological Survey, includes the Cretaceous strata from the
top of the Kiowa shale, below, to the base of the Graneros shale,
above. The Dakota of this area is in the lower part of the Upper

Cretaceous and is equivalent to the Dakota formation of adjacent
areas.

Water supply—The Dakota formation yields small to moderate
quantities of water to many domestic and stock wells in Pawnee
and Edwards Counties and to public-supply wells at Larned. Most
of the domestic and stock wells have small diameters and yield
only small quantities of water from the Dakota, but the large-di-
ameter public-supply wells at Larned yield quantities ranging from
125 to 150 gallons a minute.

The Dakota supplies water to wells primarily in the areas where
it is overlain by relatively impermeable materials such as those in
the Graneros shale, Greenhorn limestone and Carlile shale. These
areas lie north of Arkansas River and include nearly half of Paw-
nee County and the northwestern part of Edwards County. Where
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Prate 6. Outerops of the Dakota formation. A, SW cor. SE¥4 sec. 28,
T. 22 S, R. 20 W. B, Along highway about 1.5 miles west of Burdett.
C, Along Pawnee River in sec. 2, T. 22 S, R. 17 W.
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the Dakota is overlain by coarse water-bearing materials such as
in the Pawnee and Arkansas Valleys and in the large dune-sand
area south of Arkansas River, wells generally obtain an adequate
supply of suitable water in the overlying materials. In the Arkan-
sas Valley, however, where the water in the alluvium is very hard,
a few domestic wells have been drilled into the Dakota formation
in order to obtain softer. water.

Water from the Dakota formation generally contains a large
amount of dissolved solids but is comparatively soft, owing to nat-
ural softening by the base-exchange silicates within the formation
(p. 71 and Fig. 10). As indicated by the analyses in Tables 9 and
10 water from the Dakota formation generally contains fluoride in
quantities sufficient to cause slight to severe mottling of the enamel
on children’s teeth.

Graneros Shale

General description—The lithology of the Graneros shale is vari-
able. In some places it consists entirely of dark-gray to black
fissile argillaceous shale, whereas in other places it consists of shale,
sandy shale, and sandstone. The formation is soft in most localities
and forms a gentle slope between the Greenhorn limestone and the
Dakota formation. Because of the poor and scattered exposures
of the Graneros shale in Pawnee and Edwards Counties, it was not
possible to map the formation separately; hence, the Greenhorn
and Graneros were mapped as a unit. The distribution of the
Graneros and Greenhorn formations in this area is shown on Plate 1.

The thickness of the Graneros shale in Pawnee and Edwards
Counties is not known but is believed not to exceed about 35 feet.
Moss (1932) observed a maximum thickness of 36 feet in Hodge-
man County but stated that the thickness in that area was variable
and in most places was less than 30 feet.

The Graneros shale yields little or no water to wells in the Pawnee-
Edwards area, inasmuch as much larger supplies are available from
the underlying Dakota formation.

Greenhorn Limestone

Character—The Greenhorn limestone consists largely of a suc-
cession of thin chalky to crystalline limestones interstratified with
thicker beds of gray calcareous shale (Pl. 7). The shales contain
thin beds of bentonitic clay. The formation has been divided into
four members in this area, including the Pfeifer shale at the top,
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Prate 7. Outerops of the Greenhorn limestone and Dakota formation.
A, Bluffs formed by resistant beds of the Greenhorn limestone in the NE%
sec. 31, T. 22 S, R. 20 W. B, Upper part of the Greenhorn limestone in
sec. 10, T. 20 S, R. 18 W. (, Residual boulders of ironstone in the Da-
kota formation in the SW¥% SE% sec. 15, T. 21 S, R. 17 W.
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the Jetmore chalk, the Hartland shale, and the Lincoln limestone
at the base. The base of the formation is marked by an abrupt
change from the calcareous beds of the Greenhorn to the noncal-
careous shale and sandy shale of the Graneros. The top of the for-
mation is marked by the “Fencepost” limestone, which is a promi-
nent bed of relatively hard chalky limestone that is quarried
extensively in north-central Kansas for use as fence posts.

Distribution and thickness—The Greenhorn limestone is poorly
exposed in Pawnee and Edwards Counties. There are a few places
in the area where several beds in the formation are exposed, but
generally the outcrops are indicated only by occasional fragments
of limestone that have been turned up in plowed fields. Accurate
mapping of the formation, therefore, was impossible. The distribu-
tion of the formation as shown on Plate 1 was based on the few
small outcrops, on the small fragments in plowed fields, and on the
topographic expression, and is subject to considerable error.

The formation crops out in the upland areas in Pawnee County
that lie north of Arkansas River and in small areas in northwestern
Edwards County (Pl. 1). It underlies the area of outcrop of the
Carlile shale in northern Pawnee County and that of the Tertiary
formations in part of northwestern Edwards County (Pl. 3).

The thickness of the Greenhorn limestone in Pawnee and Edwards
Counties is not known because a complete section of the formation
1s not exposed in the area and because none of the test holes pene-
trated the entire formation. Inasmuch as the thickness of the for-
mation is moderately uniform, it is believed that the thickness in
this area is about the same as in adjacent counties to the west,
where a thickness of about 125 feet was measured by Moss (1932).

Water supply—The Greenhorn limestone yields small quantities
of water to a few dug domestic and stock wells in northern Pawnee
County. The water, which is derived from cracks and fissures in
the thin beds of limestone, is replenished by local rainfall; hence,
wells in this formation may become dry during long periods of
drought. Water from the Greenhorn generally is very hard, as in-
dicated by the analyses in Table 9.

Carlile Shale

Character—The Carlile shale consists of the Codell sandstone
member at the top, the Blue Hill shale member, and the Fairport
chalky shale member at the base. The basal Fairport chalky shale

member, which is the only part of the Carlile exposed in the Paw-
6—4221
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nee-Edwards area, consists of thick beds of chalky shale contain-
ing flat concretions and a few beds of bentonite and alternating with
thin beds of chalky limestone. The thin beds of chalky limestone
are harder and more numerous near the base of the member. The
lower, more resistant beds form small terraces, whereas the upper
beds erode to smooth, rounded, soil-covered hills.

Distribution and thickness.—The Carlile shale, like the Greenhorn
limestone, is very poorly exposed in Pawnee County and, hence,
accurate mapping is not possible. The formation crops out only in
the northern part of Pawnee County, as indicated by Plate 1. In-
asmuch as only a part of the formation is exposed in this area, the
total thickness of the Carlile in Pawnee County is not known. It
is believed that nowhere in the county does it exceed 100 feet.

Water supply —The Carlile shale yields small quantities of water
to a few shallow dug wells in the northern part of Pawnee County.
The water is obtained from the joints and bedding planes of the
beds of chalky limestone in the lower part of the formation. The
upper shaly part of the formation probably would yield little or
no water to wells.

Water from the Carlile shale is hard (Fig. 10) but it can be used
for domestic and stock purposes. (See analyses in Table 9.)

TERTIARY SYSTEM
PLIOCENE SERIES
Ogallala Formation

General description—The Ogallala formation consists mainly of
silt, sand, and gravel containing caliche (PL 8). It crops out prin-
cipally in northwestern Edwards County but also in a few scattered
areas in Pawnee County (Pl. 1). At many places in Pawnee County
there are thin patches of algal limestone overlying the Dakota for-
mation which probably are equivalent to the algal limestone that
marks the top of the Ogallala formation in parts of western Kansas.
The Ogallala is 66 feet thick at test hole 86 but it may be nearly 100
feet thick at the Edwards-Hodgeman county line. Moss (1932)
reports a maximum thickness of 100 feet in Hodgeman County,
and Waite (1942) stated that its thickness may be as much as 250
feet in Ford County.

The Ogallala formation yields small quantities of water to a few
domestic and stock wells in the northwestern part of Edwards
County. The formation overlies high areas of Cretaceous rocks and
is, therefore, largely drained of water.
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Prate 8. Views of the Ogallala formation and alluvium. A, Outecrop of
caliche (Ogallala) in road ditches on Edwards-Hodgeman county line.
B and C, Terrace deposits in the foreground and the flood plain of Arkan-
sas River in the distance (darker areas).
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QUATERNARY SYSTEM
PLEISTOCENE SERIES
Meade Formation

The Meade formation was recognized and described by Cragin
(1896, p. 53) as the Meade gravels. The name was proposed for
to lowest of three “terranes” in the vicinity of the old Vanhem post
office in sec. 13, T. 30 8., R. 23 W, Clark County (Hibbard, 1944,
p. 709). In addition, he gave the name Pearlette ash to the deposits
of volcanic ash in that region. Smith (1940, pp. 100-111) described
the Pleistocene Odee formation,” Equus niobrarensis beds, and Jones
Ranch beds in Meade County and adjacent areas in 1940. TFrye
and Hibbard (1941, pp. 411-419) redefined the Meade formation
to include Cragin’s Meade gravels and Pearlette ash; Smith’s Odee
formation, Equus niobrarensis beds, and Jones Ranch beds; and all
other beds of Pleistocene age above the Rexroad formation and
below the Kingsdown silt.

Additional geological studies made by members of the State and
Federal Geological Surveys have shown that these beds are dis-
tributed widely in southwestern Kansas. Latta (1948) recog-
nized these beds in Kiowa and Stafford Counties, which border
Edwards County on the south and west. Fossil vertebrates col-
lected from these beds in Kiowa and Stafford Counties were iden-
tified by Claude W. Hibbard and indicate that they belong to the
Meade. No fossil remains were found in these deposits in the Paw-
nee-Edwards area, inasmuch as they are covered by younger de-
posits of dune sand, but test drilling indicates that they are con-
tinuous with the Meade formation of Kiowa and Stafford Counties.

Character—Inasmuch as the Meade formation does not crop out
in the Pawnee-Edwards area, its lithologic character is known
only from test-hole cuttings. Test holes drilled in this area indicate
that the formation consists predominantly of coarse sand and gravel
containing beds of fine sand, silt, and clay. The beds generally are
poorly consolidated but in some places the sand and gravel is ce-
mented with calcium carbonate to form hard ledges known as “mor-
tar beds.”

Distribution and thickness.—The Meade formation is distributed
widely throughout southwestern Kansas. It underlies parts of Ham-
ilton, Stanton, Morton, Kearny, Grant, Stevens, Finney, Haskell,
Seward, Gray, Ford, Meade, Clark, Kiowa, and Stafford Counties,
Kansas, as well as parts of Texas and Beaver Counties, Oklahoma.
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In much of this area, however, the formation is overlain by younger
beds, such as silt (Kingsdown) and dune sand. In Pawnee and
Edwards Counties it underlies only the area south of the Arkansas
Valley.

The Meade formation in Pawnee and Edwards Counties ranges
in thickness from about 50 feet to more than 300 feet. Test hole
119, south of Trousdale in Edwards County, encountered the base
of the formation at a depth of 288 feet. A test hole drilled near
the Kiowa-Edwards county line as a part of the ground-water study
of Kiowa County (log 132) penetrated more than 300 feet of ma-
terials composing the Meade formation. In general, the formation
thickens southward from the Arkansas Valley through Pawnee, Ed-
wards, and northern Kiowa Counties and becomes thinner in cen-
tral and southern Kiowa County.

Age and correlation—Claude W. Hibbard, of the University of
Michigan Museum of Vertebrate Paleontology, has been collecting
fossils from the Meade formation of southwestern Kansas since 1936,
during which time he has collected the Cudahy, Borchers, and
Cragin Quarry faunas (Hibbard, 1938, 1940, 1941, and 1943). These
faunas have definitely established the age of the Meade formation
as Pleistocene.

The beds in this area that have been assigned to the Meade for-
mation may be equivalent in part to the Pleistocene McPherson
formation of south-central Kansas (Williams and Lohman, 1949),
but sufficient studies have not been made in the intermediate area
to justify correlation with those beds.

Water supply—The Meade formation yields water to all wells
in Pawnee and Edwards Counties south of the Arkansas Valley. The
yields of these wells range from a few gallons a minute in most do-
mestic and stock wells to more than 1,000 gallons a minute in some
of the irrigation wells. The Meade formation is the most extensive
and potentially the most important water-bearing formation in the
two-county area.

There is little danger of the overdevelopment of this aquifier by
pumping for irrigation, except locally, because of the relatively
rapid rate of recharge from precipitation and from undrained de-
pressions, and because of the widespread distribution of areas of
dune sand in which the soil and topography generally are unsuit-
able for the development of irrigation. Large supplies of water
could be obtained in this area for industrial use, however.
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Water from these beds is moderately hard but is suitable for most
uses (Tables 9 and 10, Fig. 10).

Terrace Deposits

Deposits consisting primarily of silt and clay overlie the bedrock
in large areas in Pawnee and Edwards Counties. The origin of
these deposits is not understood entirely, inasmuch as they do not
resemble the coarse-grained terrace deposits of the major streams
in southwestern Kansas. They probably were derived primarily
from fine-grained sedimentary rocks in areas to the west but their
origin may be in part colluvial—that is, by soil creep.

Character—The terrace deposits consist principally of light-tan
to brown clay and silt containing some caliche and interbedded with
fine to coarse sand and a little gravel. The silt and clay, which
generally are brown or buff, may have a variety of colors ranging
from white to bright green and blue. The clay generally is blocky
and the silt is poorly consolidated except where it is in part cemented
by calcium carbonate. The sand and gravel is poorly sorted and
generally occurs at the base of the formation. The sand may con-
sist primarily of grains of quartz or may contain fragments of sand-
stone and limestone. The gravel pebbles consist principally of lime-
stone, sandstone, and ironstone, which probably were derived from
the Greenhorn limestone, Carlile shale, and Dakota formation.

Locally the terrace deposits may consist of coarser material, such
as along the lower reaches of Ash Creek on the north side of the
Arkansas Valley northeast of Larned. Here the deposits contain
sufficient sand and gravel to warrant the development of irrigation
from wells.

Distribution and thickness.—Moderately thick soils have been
developed on the terrace deposits in this area, making them difficult
to map. The area was mapped primarily on the basis of the topo-
graphic expression of the deposits and with the aid of the accurate
soils map prepared by the Soil Conservation Service. The terrace
deposits underlie the areas adjacent to the Pawnee and Arkansas
Valleys as well as smaller areas along Ash Creek and Little Walnu$
Valleys (P1. 1 and 3).

The topographic expression of these deposits is in places very
prominent (Pls. 8 and 9). Two terraces can be observed in many
places adjacent to the Pawnee Valley, but in some areas they are
difficult to recognize because of dissection by streams tributary to
Pawnee and Arkansas Rivers. The lowermost terrace, which is the
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Prate 9. Terrace deposits in Pawnee County. A, Low terrace in fore-
ground and Pawnee Valley flood plain in distance. (View north toward
Rozel.) B, High terrace in foreground (dark area); low terrace and Paw-
nee Valley in distance. (View north from a point 0.6 mile east of the
SW cor. sec. 17, T. 22 S, R. 19 W.) C, Low terrace in foreground (darker
plowed area) and Pawnee Valley flood plain in distance. (View north-
west from a point 0.2 mile north of the SE cor. sec. 33, T.21 S, R. 19 W.)
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most prominent, is about 20 feet above the flood plain of Pawnee
River and the upper terrace is about 50 or 60 feet above the flood
plain. Latta (in press) observed three terraces along Arkansas
River in Barton County, one of which was underlain by coarse sand
and gravel. It may be that the coarse materials underlying the low
terrace northeast of Larned represent a third terrace equivalent to
the third terrace in Barton County.

The thickness of the terrace deposits in Pawnee and Edwards
Counties ranges from a featheredge near its contact with the Cre-
taceous bedrock to 145 feet in Ash Creek Valley north of Larned
(PL. 8). The average thickness of these deposits, as determined by
the cuttings from 58 test holes, was slightly more than 60 feet.

Water supply—Inasmuch as the terrace deposits consist primarily
of clay and silt, the formation yields only small to moderate quan-
tities of water to wells. Generally, sufficient water for most do-
mestic and stock uses can be obtained from the thin beds of sand
and gravel. In the few places where the formation contains much
sand and gravel the beds will yield adequate water for irrigation.
In general, however, wells in these beds will not yield enough water
for irrigation. In the vicinity of Rozel a farmer drilled several test
holes on the lower terrace in an attempt to find a suitable site for
an irrigation well, but only silt and clay and a little gravel were
encountered. As a last resort the well was drilled in the alluvium
of Pawnee Valley and the water was pumped to the first terrace,
where it was used for irrigation.

In a few localities the clay in this formation yields more water
than would be expected from a material of such seemingly low per-
meability. Moderate quantities of water have been obtained from
these beds in Little Walnut Creek Valley, where they are known
locally as “water clay.” The joints in the blocky clay seem to re-
main open when the beds are saturated, thus allowing the relatively
free movement of water. One well in these beds yielded more than
50 gallons of water a minute.

Water from the terrace deposits is moderately hard but otherwise
is of good quality (Fig. 10 and Tables 9 and 10).

PLEISTOCENE AND RECENT SERIES
Alluvium
Character—The alluvium of the Pawnee and Arkansas Valleys

consists of sand, gravel, silt, and clay. The alluvium of the Pawnee
Valley, however, differs in several respects from that in the Ar-
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kansas Valley. In the Pawnee Valley the upper part of the allu-
vium consists predominantly of clay containing some silt and sand.
This zone ranges in thickness from about 15 feet to 50 feet and has
an average thickness of about 30 feet. The clay makes possible the
development of an excellent soil but it retards the recharge of the
underlying sand and gravel from local precipitation and from
Pawnee River. Beneath the clay there is, in most places, a thick
deposit of sand and gravel that yields large quantities of water to
wells in the valley.

The alluvium of Arkansas Valley contains no thick deposit of
clay or silt in the upper part, although thick beds of these materials
may occur within the formation. In Arkansas Valley the sandy
soil may be underlain by thick beds of sand and gravel; hence, re-
charge from precipitation and from streams probably is much greater
than in Pawnee Valley.

Distribution and thickness.—Alluvium underlies the bottomland
of the Pawnee and Arkansas Valleys and.of some of the larger tribu-
taries to these valleys. The southern limit of the alluvium on the
south side of Arkansas River is not known because of the overlap
of dune sand. Below Larned it may extend several miles south of
the alluvium-dune sand contact but its southern limit could not be
determined by test drilling, owing to the lithologic similarity of the
alluvium and the Pleistocene materials underlying the dune sand
in the southern part of the area.

The thickness of the alluvium in the Pawnee Valley as determined
by 15 test holes ranged from 65 to 138 feet and averaged 105 feet.
In the Arkansas Valley the thickness, as determined by 16 test holes,
ranged from 18 to 135 feet and averaged about 61 feet. The thick-
ness of the alluvium in the Pawnee Valley is moderately uniform,
whereas in the Arkansas Valley there are areas where the alluvium
is very thin and others where there is a deep channel. This con-
dition is well illustrated by test holes 97, 110, and 111 on Plate 3.

Age—The alluvium in the Pawnee and Arkansas Valleys has been
deposited in channels cut into Cretaceous, Tertiary, and Pleistocene
sediments. The age of the alluvium, therefore, probably is late
Pleistocene and in part Recent. There may be older terraces of Ar-
kansas River beneath the cover of dune sand toward the south,
but their presence could not be determined by test drilling.

Water supply.—The alluvium of the Arkansas and Pawnee Val-
leys yields large quantities of water to wells. Most of the domestic
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and stock wells and all the irrigation wells in the valleys obtain
water from the sand and gravel of this formation. The water in
the alluvium is hard but generally is suitable for most domestic,
stock, and irrigation uses. In general, the water in the Pawnee
Valley alluvium is softer and contains less dissolved solids than the
water in the alluvium of the Arkansas Valley. Some of the water
in the alluvium of the Arkansas Valley contains enough dissolved
solids to be harmful to plants. (See Tables 9 and 10 and Fig. 10.)

Dune Sand

Almost all the area lying south of Arkansas River in Pawnee
and Edwards Counties is underlain by dune sand. The dune sand
contains uniform-grained, moderately well-rounded fragments of
quartz, as well as lesser amounts of silt and clay. Inasmuch as the
dune sand overlies the alluvium of Arkansas River in some places,
it probably is largely Recent, but it may be in part Pleistocene.

Two types of topography may be recognized in the dune-sand
areas south of Arkansas River (Pl. 1) which are reflections of the
stage or phase of erosion of the sand dunes. The first type is char-
acterized by typical sand-dune topography wherein the dunes are
grass-covered, moderately steep, irregular hills between which are
small undrained basins. This type is best exposed in the areas near
the Arkansas Valley. The second type of topography comprises
broad subdued swells and swales having a thicker, heavier soil
which is cultivated extensively.

As a result of his studies of sand dunes, Smith (1940, pp. 159-
165) described an ideal dune cycle consisting of two phases: (1)
an eolian or active phase during which the dune is built up, and
(2) an eluvial or passive phase during which the vegetation pre-
vents further growth and the dune is subdued by weathering and
creep. He divides the eluvial phase into stages of youth, maturity,
and old age. In the youthful stage the soil zone is formed and the
slopes are reduced. The dune becomes mature when its profile is
smooth and regular and when its soil becomes thicker and more
stable. Old age is reached when the dune form is indistinguishable.
He states that the eluvial phase in any stage may be interrupted
by rejuvenation.

Most of the sand dunes in Pawnee and Edwards Counties are in
the eluvial phase of the dune cycle, although a few dunes are in
the eolian or active phase. The types of dune sand mapped in the
Pawnee-Edwards area are (1) those that produce a typical sand-



Pawnee and Edwards Counties 91

dune topography and which are in the youthful and mature stages
of the eluvial phase of the dune cycle, together with those that are
in the eolian phase of the cycle, and (2) those that produce a rela-
tively flat topography and which are in the old-age stage of the
eluvial phase of the dune cycle. The boundaries between the two
types of dunes and between the dune sand and other formations
are indistinct in many places; hence they are shown on Plate 1 by
dashed lines.

The thickness of the dune sand is variable and ranges from a
featheredge to about 40 or 50 feet. Where the dunes have reached
the old-age stage they are very thin and where they are in the eolian
phase and in the youthful stage of the eluvial phase they attain
their maximum thickness.

The dune sand lies above the water table and, hence, yields no
water to wells, but the areas of dune sand form ideal catchment
areas for rainfall and facilitate the relatively rapid recharge of the
underlying formations.

WELL RECORDS

Information pertaining to water wells in Pawnee and Edwards
Counties is tabulated in Tables 15 and 16. The numbers in the first
column correspond to well numbers on the map (Pl. 1) and in the
tables of analyses (Tables 9 and 10). The numbers in the first
column that are in parentheses indicate wells from which samples
of water were taken for analysis (Tables 9 and 10).
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116 Geological Survey of Kansas

WELL LOGS

Listed in the following pages are the logs of 144 wells and test
holes in Pawnee and Edwards Counties, including 133 test holes
drilled by the State Geological Survey of Kansas. The numbers of
the logs correspond to the numbers used in the diagrammatic cross
section (Pl. 3).

Logs entitled “sample log” are those for which the well cuttings
were collected and studied. A ‘“driller’s log” is a written log ob-
tained from a driller or from some other source.

1. Sample log of test hole at the NW cor. sec. 3, T. 20 S., R. 16 W. Surface
altitude, 2,021.4 feet.

Thickness, Depth,
eet feet
Road fill ... 2.5 2.5

QUATERN ARY—Pleistocene
Terrace deposits

Silt, brown, dense ......... ..ol 3.5 6
Clay, silty, tan and buff; contains white caliche...... 54 60
Clay, silty, tan; contains white caliche and fine to me-
dium sand ... i e i 6 66
Gravel, fine to medium, tan .............ceeeevueiinn. 2 68
Creraceous—Gulfian
Dakota formation
Clay, silty, tan and yellow .........ccocvviiiniinnen. 4 72

2. Sample log of test hole at the SW cor. NW% sec.3,T.20 8, R. 16 W. Sur-
face altitude, 2,009.7 feet.

Thickness, Depth,
f feet

eet
Road fill ..o 3 3
QuATERNARY—Pleistocene
Terrace deposits
Silt, compact, brown ..........c.ciiiiiiiiiiiiiieien, 3 6
Clay, silty, tan, contains white caliche................. 51 57
Clay, silty, buff and tan; contains white caliche...... 4 61
Clay, silty, buff and tan; contains fine to medium
sand and white caliche ..............cciiiiiiia., 4 65
Gravel, fine to coarse, contains tan silty clay.......... 3 68
Clay, silty, buff and tan; contains fine to medium sand i
and white caliche ........c..o oottt 10 78
Clay, silty, tan and buff; contains fragments of brown
IPONSEONE vt iiiiiiiieere s eensonsnnnnanananaanssen 7 85
Creraceous—Gulfian

Dakota formation
Clay, silty, light gray and tan; contains fragments of
brown to tan sandstone .............. ool .5 90
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3. Sample log of test hole at the SW cor. sec. 3, T. 20 8., R. 16 W. Surface
altitude, 2,026.9 feet.

Thickness, Depth,
feet feet

Road fill ... ... 3 3

QUATERNARY—Pleistocene
Terrace deposits

Silt, BrOWN ...ttt i e e e 3 6
Clay, silty, dark tan.............cciviiiiieinniennnnnn 4 10
Clay, silty, tan and light brown; contains white and
tan caliche .......cooiiiiiiiiiii i 30 40
Clay, silty, buff; contains fragments of white caliche.. 35 75
Clay, silty, dark tan and dark gray................... 13 88
Clay, silty, brown and tan with dark red and yellow
stains, and white gypsum ..., 8 96
Creraceous—Gulfian
Dakota formation
Clay, silty, gray; contains red and yellow sandstone.... 4 100

4. Sample log of test hole at the NW cor. sec. 18, T. 20 8., R. 16 W. Surface

altitude, 2,078.2 feet.
Thickness, Depth,

feet feet
Road fill ...viiiiii i ittt ieaas 3 3
QuaTeRNARY—Pleistocene
Terrace deposits
Silt, tan and ray .......ciiiiiiiiiiiiiiiiii 3.5 6.5
Clay, silty, brown .........ccciiiiiiiiiiiiiinan, 5.5 12
Clay, silty, buff and tan; contains fragments of caliche, 6 18
Creraceous—QGulfian
Graneros shale
Shale, tan and gray, having red stains................ 2 20
Shale, gray and tan ..........cciiiiiiiiiiiiiiiinn, 5 25

5. Sample log of test hole at the SE cor. SW% sec. 28, T. 20 8., R. 16 W.

Surface altitude, 20306 feet.
Thickness, Denpth,

feet feet _
Road fill and soil, gray-brown ...................... 3 3
QuATERNARY—Pleistocene
Terrace deposits ) ‘

Silt, gray brown to yellow gray ..................... 5 8
Silt, blocky, light brown ..............coiiiiia 5 13
Silt, tan to light buff; contains nodular caliche...... 95 108
Gravel, coarse to fine; contains sand and silt; buff

and tAN ... 3 111

CreracEOUS—Gulfian
Dakota formation
Clay, micaceous, light blue gray..................... 5 116
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6. Sample log of test hole at the NW cor. sec. 24, T. 20 S, R. 17 W. Sur-
face altitude, 2,0563.2 feet.
Thickness, Depth,

feet feet
Soil, dark gray .......... ... 4 4
QuaTERNARY—Pleistocene
Terrace deposits
Clay, silty, tan and gray ...............ccooveiio... 5 9
Clay, silty, brown ..............ooiiiiiiinii... 2 11
Clay, silty, tan and buff; contains caliche............ 62 73
CreracE0US—Gulfian
Dakota formation
Clay, silty, buff with faint red stains................ 5 78

7. Sample log of test hole at the NE cor. sec. 27, T. 20 S, R. 17 W. Surface
altitude, 2,057.5 feet.

Thickness, Depth,
feet feet

Road fill ... i 2 2

QUATERN ARY—Pleistocene
Terrace deposits

Clay, silty, gray to brown .......................... 3 5
Clay, silty, tan ..o, 4 9
Clay, silty, brown ...........ocoviiniininnnnii... 3 12
Clay, silty, tan; contains white caliche and very fine

SANA L 48 60
Silt, buff; contains fine to coarse sand and white caliche, 21 81
Clay, silty, tan and gray; contains fine to medium sand, 8 89

CRrETACEOUS—Gulfian
Dakota formation
Clay, silty, tan and yellow; contains fragments of
IFONSEONE . .evtvt et 5 94

8. Sample log of test hole at the NE cor. sec. 33, T. 20 8., R. 17 W. Surface
altitude, 2,069.3 feet.
Thickr;ess, Depth,
ee

feet

Road fill ... 2 2
QUuATERN ARY—Pleistocene
Terrace deposits

Clay, silty, dark gray ........cc.oviievnrniennnannnns. 5 7
Clay, silty, tanand buff .................c.cuvvni ... 7 14
Clay, silty, tan and brown; contains fine sand......... 2 16
Clay, silty, tan and brown; contains white caliche.... 9 25
Clay, silty, tan and buff; contains white caliche ....... 53 78

CreTAcCEOUS—Gulfian
Dakota formation
Clay, tan and light gray, mottled red ................. 2 80
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9. Sample log of test hole at the SW cor. SE% sec. 29, T. 20 S, R. 18 W.
Surface altitude, 2,140.0 feet.
Thickness, Depth,

feet feet
Road fill ...t 2 2
QuaATERNARY—Pleistocene
Terrace deposits
Clay, silty, brown and gray ............cooviiinan.. 3 5
Clay, silty, brown and tan............... ..o, 2 7
Clay, silty, buff; contains lime-cemented zones ........ 1 8
Creraceous—Gulfian
Greenhorn limestone
Limestone, coarsely crystalline, cream to light tan,
having red stains .......ooviiiiiiiiiiiiiiiii e 2 10

10. Sample log of test hole at the SE cor. SW¥% sec. 34, T. 20 S, R. 20 W.
Surface altitude, 2,132.1 feet.
Thickness, Depth,

feet feet
Soil, silty, brown ..........cciiiiiiiiiiii i 3 3
QUARTERNARY—Pleistocene
Terrace deposits
Clay, silty, tan .....oooiiiiiiiiiiiiii e 5 8

Clay, silty, light yellowish tan ..............coooiien 1.5 9.5
Cretaceous—Gufian :
Greenhorn limestone
Shale; contains a few fragments of limestone and yel-
low limonite stains .........ccoiviiiiiiiiiininann. 5.5 15

11. Sample log of test hole at the NE cor. sec. 5, T. 21 S, R. 16 W. Surface
altitude, 2,025.6 feet.

Thickness, Depth,
feet feet

Soil, dark gray .....eieiiiiiiiii i e 2 2

QuarerN ARY—Pleistocene
Terrace deposits

Silt, gray to yellow gray.........oooiiiiiiiiiiiiina, 6 8

Silt, blocky, brown ........oiveiieieeiiiiiieiiieiinen. 5 13

Silt, tan to light buff; contains a little nodular caliche, 25 25

Gravel, very coarse to fine; contains sand and buff silt, 2 27
Creraceous—QGulfian

Dakota formation
Sandstone, medium-grained, yellow to brown; contains
a little light blue-gray clay........coovviiiiinian, 8 35



120 Geological Survey of Kansas

12. Sample log of test hole at the NE cor. sec. 8, T. 21 8., R. 16 W. Surface

altitude, 2,005.1 feet.

Thickness,
feet
Road fill and soil, gray brown ...............c.uvun.... 4
QUATERN ARY—Pleistocene
Terrace deposits
Silt, light gray to light brown........................ 10
Silt, blocky, buff; contains nodular caliche............ 18
Silt, greenish gray to buff ................oiiiii.... 8
Silt, light gray and buff. Blocky and slightly cemented
between the depths of 60 and 65 feet.............. 31
Silt, buff; contains much fine to medium sand and
caliche .......ooiuii i 2
CreTACEOUS—QGulfian
Dakota formation
Sandstone, medium to fine-grained, brown.......... 7

Depth,
Jeet

4

14
22
40
71

73

80

13. Sample log of test hole at the NE cor. sec. 17, T. 21 8., R. 16 W. Surface

altitude, 1,998.6 feet.

Thickness,
feet
Road fill and soil, gray brown ...................o.... 2
QUATERN ARY—Pleistocene
Terrace deposits
Silt, yellow gray ....oouiiviiin i 3
Silt, light brown to buff, and fine sand ................ 6
Silt, light buff; contains a few nodules of caliche...... 26
Silt, gray white; contains fine sand ................... 6
Silt, green and dark gray; contains much fine to me-
dium sand ... 15
Silt, light gray to buff, and fine to medium sand; con-
tains a little caliche. Silt is in part slightly cemented, 66
Gravel, fine, and sand ...............ciiiiinininannn. 4
Silt, light gray, and fine to medium sand ............. 8
Gravel, fine to coarse, and sand; contains much buff
and light-gray silt ................coiiiiinia.s. 4
Gravel, fine to medium, sand, and light-gray to buff silt, 5
CreTACEOUS—Gulfian
Dakota formation
Sandstone, medium- to fine-grained, white, yellow, and
brown; contains yellow and light-gray clay ........ 15

Depth,
feet

2

1
37
43

58
124
128
136

140
145

160
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14. Sample log of test hole at the NE cor. sec. 20, T. 21 8, R. 16 W. Surface
altitude, 1,997.6 feet.

Thickness, Depth,
feet feet

Road fill and soil, dark gray brown.................... 1 1
QuATERNARY—Pleistocene
Terrace deposits

Silt, buff gray «..voverriii ittt 3 4
Silt, tan, and fine to very fine sand; contains nodular

caliche ... ..ot e 14 18
Silt, light gray, and caliche .............ccoooiiiinit. 7 25
Silt, light buff; contains very fine to fine sand and a

few streaks of greenish and yellowish silt and clay... 25 50
Silt, blue gray and buff, and fine sand ................ 10 60
Silt, gray to buff, and very fine to fine sand .......... 10 70
Silt, dark gray and green, and fine sand .............. 5 75
Silt, buff; contains fine sand and caliche .............. 25 100
Silt, brown and greenish gray, and fine sand; in part :

cemented by caliche; contains a little gravel........ 10 110
Sand, very fine to fine, and brown silt, friable........ 10 120
Silt, buff and light gray, and fine to medium sand;

contains gravel ........ ...l 12 132
Sand, coarse to fine, and yellow-buff silt; contains fine

to coarse gravel ........ ... iiiiiiiiiiiiiiiiin., . 4 136

CrerAcEOUS—Gulfian
Dakota formation

Sandstone, medium-grained, white ............... ..., 14 150

15. Sample log of test hole at the NE cor. sec. 29, T. 21 8., R. 16 W. Surface
altitude, 2,007.6 feet.

Thickness, Depth,
feet feet

Road fill ..ot 2 2

QUATERN ARY—Pleistocene
Terrace deposits

Silt, gray brown ........cciiiiiiiiiiiiiii i 5 7
Sand, medium to fine, and buff silt .................. 3 10
Silt, buff, tan, and light gray ............coooiiiiiia 10 20
Silt, buff; contains a little caliche and some Cretaceous-

derived pebbles ........ciiiiiiiiiiiiiii i 59 79
Gravel, coarse to fine, and sand; contains buff silt..... 3 82

Creraceous—Gulfian
Dakota formation
Clay, light blue gray and mottled yellow and red.... 4 86
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16. Sample log of test hole at the SW cor. sec. 6, T.218., R. 17 W. Surface
altitude, 2,106.5 feet.
Thickness, Depth,

feet feet
Road fill ... 2 2
QUATERNARY—Pleistocene
Terrace deposits
Clay, silty, tan and gray ...............occvvevniin... 3 5
Clay, silty, brown ..............coiiieiniinnnn.. 2 7
Clay, silty, tan and buff .............................. 9 16
Clay, silty, tan; contains black ironstone.............. 1 17
No sample recovered .............ccoovvneunnninnnn... 2 19
CreracEOUS—QGulfian
Dakota formation
Sandstone, very fine, red and tan; contains tan silty
clay and black ironstone .......................... 3 22
Clay, silty, light gray and tan; contains gray shale. ..... 6 28

17. Sample log of test hole at the NW cor. sec. 18, T. 21 8., R. 17 W. Surface
altitude, 2,098.6 feet.

Thickness, Depth,
feet feet

Soil, Bray . .uveveiiiii i 4 4
QUuATERNARY—Pleistocene
Terrace deposits

Silt, light grayish tan ..........ccoveeenninnnnnnin.. 3 7
Silt, tan and gray ........ ..o 4 11
Silt, tan and buff .......... ..o i 9 20

CreETACEOUS—Gulfian
Dakota formation .
Clay, silty, yellowand tan ..............oovevnrnnnn... 5 25

18. Sample log of test hole at the NW cor. sec. 19, T. 21 S., R. 17 W. Surface
altitude, 2,095.7 feet.

Thickness, Depth,
feet feet

Road fill ... .o 3 3
QuATERNARY—Pleistocene
Terrace deposits

Silt, tan and gray.........cooiiiiii 5 8

Silt, brown ...ttt 3 11

Silt, tan and brown ........... .. i, 5 16

Silt, tan, contains white caliche ...................... 8 24
CreTACEOUS—Gulfian

Dakota formation
Sandstone, fine to medium, brown and white .......... 4 28
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19. Sample log of test hole at the SW cor. sec. 19, T. 21 8., R. 17 W. Surface
altitude, 2,0708 feet.
Thickness, Depth,

feet feet
Road fill ... .. e 3 3
QUuATERNARY—Pleistocene
Terrace deposits
Silt, tan and light gray .......... .. ..ot 4 7
Clay, silty, tan and brown .............cccooiiiinn.. 2 9
Clay, silty, brownish tan ......... N 4 13
Clay, silty, tan ........oveeiiiiiiiiiiiiiiii s 13 26
Caliche, soft, light tan to white; contains silt and fine
SANA Lttt et e e, 1 27
Creraceous—Gulfian
Dakota formation
Sandstone, fine to coarse, tan and brown .............. 2 29

20. Sample log of test hole at the SW cor. sec. 4, T. 21 S, R. 18 W. Surface
altitude, 2,111.0 feet.

Thickness, Depth,
feet feet

Road fill ...ttt 4.5 4.5
QuATERNARY—Pleistocene
Terrace deposits

Clay, silty, light gray ........coiiiiiiiiiiiiiiiiiinnn, 2.5

Clay, silty, tan to brown..............covviiiiinnnn, 3 10
Clay, silty, buff; contains fragments of white caliche.. 26 36
Clay, silty, yellowish tan; contains fine to medium sand, 5 41

No samples recovered below a depth of 41 feet. Driller
believes the test hole penetrated coarse sand and
gravel between the depths of 41 and 46 feet and
shale or clay between the depths of 46 and 50 feet.
The clay may be a part of the Dakota formation.

21. Sample log of test hole at the NW cor. sec. 5, T. 21 8., R. 18 W. Surface
altitude, 2,114.8 feet.
Thickness, Depth,

feet feet

Road fill ...t it iie e eaeieanes 4 4
QuaTERN ARY—Pleistocene
Terrace deposits

Silt, brown and tan...........coiiiiiiiiiiiiiieian, 3 7
Clay, silty, brown ........ccoiiiiiiiiiierinnieeennnn, 4 1
Clay, silty, gray and tan .........cooviiiiiiinniiinnn, 2.5 13.5
Clay, silty, brown........cooveiiiiiiiiiniiiiineenn, 6.5 20
Clay, silty, tan to brown.........cooeviiiieeinnnn. 18 38
Clay, silty, buff and tan; contains fine sand............ 20 58

Creraceous—Gulfian
Dakota formation
Clay, silty, tan, buff, and yellow .................. ... 2 60
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22. Sample log of test hole at the NE cor. sec. 7, T. 21 S., R. 18 W. Surface
altitude, 2,095.2 feet.
Thickness, Depth,
feet

Jeet
Road fill ... i i, 3 3
QUATERN ARY—Pleistocene
Terrace deposits
Silt, gray and tan ... 5 8
Clay, silty, brown and tan .............ccovvneeneen.... 12 20
Clay, silty, contains fine sand and caliche; brown to :

1 3 R, 8 28
Clay, silty; contains fine to medium gravel; tan...... 5 33
Clay, silty, tan ......oooiirieeiteen s nienenennns 17 50
Clay, silty, buff .......ccoiiiiiiinn i ieieeninnss 12 62
Clay, silty, buff to light gray; contains fine to medium

tan gravel and caliche............................. 6 68
Gravel, fine to medium; contains silt and caliche; tan.. 5.5 73.5
Clay, silty; contains fine to medium gravel; tan....... 7.5 81
Gravel, fine to coarse; contains silt; tan ............. 10.5 91.5
Silt, tan to buff ........ ..., 3.5 95
Gravel, fine to coarse, tan; contains tan silt and frag- -

ments of brown ironstone ..............0iiiinnnn... 8 103

CreTACEOUS—Gulfian
Dakota formation
Sandstone, fine- to medium-grained, tan to brown...... 7 110

23. Sample log of test hole at the SE cor. sec. 7, T. 21 8., R. 18 W. Surface
altitude, 2,086.0 feet.
Thickness, Depth,

feet feet
Road fill ... 2.5 2.5
QUATERNARY—Pleistocene
Terrace deposits
Clay, silty, tan and brown; contains white caliche .... 2.5 5
Clay, silty, brown; contains white caliche ............ 2 7
Clay, silty, tan and brown; contains white caliche .... 66 73
Gravel, fine to medium, tan and gray; contains fine
to medium tan sand............. ... ... ..l 10 83
Creraceous—QGulfian

Dakota formation
Sandstone, fine, tan ......... ... . i, 5 88
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24. Sample log of test hole at the NE cor. sec. 10, T. 21 8., R. 18 W. Surface
altitude, 2,0920 feet.

Thickness, Depth,
feet feet

Road fill ... i i e 4 4
QUATERN ARY—Pleistocene
Terrace deposits

Clay, silty, tan and gray ........c.ccovievvnineennnnn.n. 3 7
Clay, silty, brown ..........coiiiiiiiiniiiiinnnnnnn. 3 10
Clay, silty, tan and buff; contains fragments of caliche, 19 29
CreTacEOUS—Gulfian
Dakota formation
Clay, silty, tan and yellow...........coovinviiinn. 7 36

25. Sample log of test hole at the NW cor. sec. 12, T. 21 S., R. 18 W. Surface
altitude, 2,096.8 feet.
Thickness, Depth,
feet feet
Road fill ...t i i e it e 5 5
QUATERN ARY—Pleistocene
Terrace deposits

Clay, silty, grayish tan and brown.................... 3 8
Clay, silty, brown .......ccoiieiiieiineinneennennen. 3 11
Clay, silty, buff; contains fragments of white caliche, 40 51
Gravel, fine to coarse, tan and buff; contains white
and tan caliche and fragments of tan limestone.... 1 52
Creraceous—QGulfian

Dakota formation

Sandstone, fine to medium, tan to brown ............ 4 56

26. Sample log of test hole at the SW cor. sec. 17, T. 21 S., R. 18 W. Surface
altitude, 2,075. feet.
Thickness, Depth,
feet

feet
Road fill and dark gray silty soil .................... 7 7
QuaTtErNARY—Pleistocene and Recent
Alluvium
Silt, dark gray to brown ............coiiiiiiiii.. 2 9
Clay, silty, dark gray and tan..................ccov..n. 3 12
Clay, silty, tan ....o.viiniiiiiii it i 7 19
Gravel, fine to coarse, brown and tan; contains white
caliche and tan silt................... ... Ll 1 20
Clay, silty, contains fine to coarse sand; brown .... 6.5 26.5
Gravel, fine to coarse; contains silt and fine sand; tan, 0.5 27
Clay, silty, tan and gray; contains white caliche...... 33 60
Gravel, fine to medium, tan and gray; contains tan silt
and white and tan caliche.......................... 5 63

Clay, silty, tan; contains white caliche............... 12 “
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Thickness, Depth,

feet feet
Gravel, fine to coarse, tan and gray; contains tan silt
and white and tan caliche.......................... 37.5 114.5
CreETACEOUS—QGulfian
Dakota formation
Clay, silty, tan and yellow, mottled red............... 5.5 120

27. Sample log of test hole at the NW cor. sec. 29, T. 21 8., R. 18 W. Surface
altitude, 2,063.6 feet.
Thickness, Depth,

feet feet
Soil, silty, containing fine sand; brown................ 3.5 3.5
QuarerNARY—DPleistocene and Recent
Alluvium
Clay, silty, gray and brown; contains white caliche.... 11.5 15
Clay, silty, gray and tan; contains fragments of white
shells and fine tan sand............................ 11 26
Clay, silty, tan with orange stains.................... 9 35
Sand, fine to medium, tan............................ 5 40
Gravel, fine to coarse; contains coarse sand; tan...... 6 46
Clay, silty, buff totan..............cooviiininin... 24 70
Clay, silty; contains fine to medium sand and fine
gravel; buff to tan..............eueiiinniii.... 10 80
Gravel, fine to medium; contains fine to coarse sand
and fragments of ironstone; buff to tan............ 10 90
Gravel, fine to coarse; contains silt, fine to coarse sand,
and caliche; buff and gray.......................... 11 101
CreTacEOUS—Gulfian

Dakota formation
Clay, silty, yellow; contains fine tan sand and brown
fine-grained sandstone .................. ..., 4 105
Clay, silty, bluish gray with faint red mottle.......... 5 110

28. Sample log of test hole at the NW cor. sec. 32, T. 21 8., R. 18 W. Surface
altitude, 2,069.6 feet.
Thickness, Depth

feet feet
Soil, dark gray ..., 3 3
QuarerNARY—Pleistocene and Recent
Alluvium

Clay, silty, dark gray; contains coarse brown sand and

white caliche ......... ... ... i 25 28

Sand, fine to coarse, tan; contains white caliche...... 2 30
Sand, fine to coarse, tan and gray; contains fine to
coarse, tannish-gray gravel; and fragments of white

shells .ot 16 5%

Silt, buff to tan ... 7 53

Sand, fine to coarse, tan.............. ... ... 9 62

Silt, BUFF .ot e 3 65
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Thickness, Depth,

feet feet
Gravel, fine to medium; contains fine to coarse sand;
tan and gray. ... ...ttt e 3 68
Silt, tan; contains fine to medium buff gravel........ 12 80
Clay, silty, tan with yellow limonitic stains........... 10 90
Gravel, fine to medium; contains fine to coarse sand
and Silt ... 15 105
Silt, tan to buff; contains tan caliche having yellow
stains, and fine to coarse sand and gravel......... 5 110
Gravel, fine to coarse; contains caliche; tan.......... 2 112
CreTacEOUS—QGulfian and Comanchean
Dakota formation (Gulfian)
Sandstone, fine to medium, tan and brown............ 3 115
Clay, gray, mottled red.....................ccoue.... 13 128
Sandstone, fine to medium, yellow and tan............ 9 137
Sandstone, fine to coarse; contains fine gravel; tan
with yellow limonitic stains........................ 13 150
Sandstone, fine to- coarse, tan with yellow stains...... 9 159
Clay, silty, light gray; contains coarse sand.......... 11 170
Kiowa shale (Comanchean)
Clay, silty, bluish gray; contains light-gray to white
SANAStONE .. .vit e 38 208
Clay, silty, light gray; contains fragments of brown
carbonaceous material ............. ... ... ... 7 215
Clay, silty, gray; contains fragments of gray sand-
stone and white lime.............................. 23.5 238.5
Pyrite and gray silty clay..........ocooviiiiina ... 1 239.5
Shale, gray; contains fragments of white shells and frag-
ments of brown and black carbonaceous material.. 66.5 306
Limestone, hard, white .............................. 0.5 306.5
Shale, gray; contains fragments of white shells........ 77.5 384

Cheyenne sandstone (Comanchean)
Shale, light to medium gray; contains very fine to
fine sand ... i e 19 403
PermiaN Redbeds (Undifferentiated)
Shale, brown; contains fine sandstone. Encountered
artesian water ............iiiiiiii e, 15 418

29. Sample log of test hole at the NE cor. sec. 36, T. 21 S., R. 18 W. Surface
altitude, 2,040.3 feet.
Thickness, Depth,

feet feet
Road fill ... .o e 3 3
QUATERNARY—Pleistocene and Recent
Alluvium
Silt, gray and tan......... ... o i i, 15 18
Silt, light gray......cooeeiiiiiiiiiiiiiiiiiiiiiiannn, 4 22

Clay, silty; contains fine sand; tan................... 5 27
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Thickness, Depth,
feet feet
Clay, silty, tan and gray; contains very fine to fine

SANA Lt 6 33
Sand, fine to coarse, tan; contains fragments of white

shells ..o e 13 46
Clay, silty, tan and gray; contains fine to medium sand, 2 48
Clay, silty, tan and gray; contains fine sand.......... 8 56

Gravel, fine to coarse, tan; contains silt and fine to

medium sand ........ i 1 57
Silt, tan; contains fine to coarse gravel, fine to medium
sand, and white caliche............................ 6 63
Gravel, fine to coarse, tan; contains silt, fine to me-
dium sand, and caliche............................ 2 65
CreTACEOUS—Gulfian
Dakota formation
Clay, silty, tan mottled yellow........................ 5 70
Clay, silty, light gray to dark gray..................... 8 78

30. Sample log of test hole at the SE cor. sec. 17, T. 21 8., R. 19 W. Surface
altitude, 2,086.6 feet.

Thickness, Depth,
: feet feet
Road fill ... 1 1
QUATERNARY—Pleistocene
Terrace deposits

Clay, silty, brown ..............ccoiiiiiinan... 4 5
Clay, silty; contains fine to medium sand; tan and

brown .......iiiii 5 10
Clay, silty; contains fine sand; tan.................... 10 20
Clay, silty; contains fine sand; light brown............ 7 27
Clay, silty; contains fine sand; tan to light brown.... 3 30
Clay, silty, light brown............................... 2 32
Clay, silty; contains medium sand and small fragments

of ironstone; brown to tan........................ 4 36

CreTACEOUS—Gulfian

Dakota formation
Clay, silty; contains fine sandstone; yellow and light
4 4 40
31. Sample log of test hole 31 at the SE cor. sec. 18, T. 21 S., R. 19 W. Surface
altitude, 2,095.6 feet.
Thickness, Depth,

feet feet
Road fill ... 3 3
QUATERNARY—Pleistocene
Terrace deposits
Clay, silty, buff........... ... .. ... 4 37
Gravel, fine to coarse, buff; contains silt, sand, and
white caliche ........... ... ... ... .. .. . ... 3 40

Creraceous—QGulfian
Dakota formation
Clay, silty, tan and yellow; contains sand.............. 2 42
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32. Sample log of test hole at the NW cor. sec. 28, T. 21 8., R. 19 Wi. Surface
altitude, 2,079.5 feet.
Thickness, Depth,

feet feet
Road fill .. .. o i 2 2
QuaTERNARY—Pleistocene and Recent
Alluvium
Silt, AN ottt e 3 5
Clay, silty, gray.......oeeiiiiiiiiiiieinireninenns 1 6
Clay, silty, brown..........cooiiiiiiiiiiiiiiiiiinnn.. 7 13
Clay, silty, tan to gray.......cooviviiiineiininnnnnn 4 17
Clay, silty, brown and gray.........co.covviniiinnnn. 10 27
Clay, silty; contains fine to medium sand; tan and
Bight gray ..o.ovinriii ittt 5 32
Clay, silty; contains very fine sand; tan and light gray, 4 36
Gravel, fine to coarse; contains silt; tan.............. 14 50
Gravel, fine to coarse, tan; contains tan silt, and
white caliche .......... ... .o i 15 65
Clay, silty, gray; contains fine to medium tan gravel.. 9 74
Gravel, fine to medium, tan and gray; contains tan
caliche ... ..o i e 6 80
Gravel, fine to coarse, tan and gray; contains tan silt '
and lime-cemented zones ...............ooiiinnn. 10 90
Sand, medium to coarse; contains fine gravel and silt;
tan ... e 10 100
Gravel, fine to medium; contains coarse sand and tan
and gray Silb.......ccoiiiiiiiii e 16 116
Gravel, fine to coarse; contains fine to coarse sand and
silt; tan 60 Bray... .o 13 129
CreracEous—QGulfian
Dakota formation
Sandstone, fine to coarse, brown................coe... 6 135

33. Sample log of test hole at the NE cor. sec. 32, T. 21 8., R. 19 W. Surface
altitude, 2,072 feet.
Thickness, Depth,

feet feet
Soil, sandy, dark ....... ... ool 3 3
QuaTErNARY—Pleistocene and Recent
Alluvium
Silt and sand, very fine to fine, gray to tan.......... 7 10
Silt and fine sand, tan.......... ..., 10 20
Silt and sand, very fine, tan; contains brown to yellow
limonitic Stains .. ..vueeeiiieiiiiiii it 12 32
Silt and sand, very fine; contains brown to yellow
limonitic stains, limy concentrations and a few me-
dium-grained fragments of quartz; tan to gray..... 4 36
Gravel, fine to medium ; contains a few limy zones; tan, 4 40

9—4221
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Thickness, Depth,

feet feet

Gravel, fine to coarse; contains caliche, fossil bone,
and fragments of shells; tan...................... 10 50
Gravel, fine to coarse; contains tan caliche........... 10 60
Gravel, fine to medium; contains tan caliche.......... 10 m

Gravel, fine to medium; contains caliche and fragments
of fossil bone; tan................ .. oL, 8 73
Clay, silty, gray and tan.............ooeieunennnnnn.. 7 85

Clay, silty; contains fine-grained gravel and caliche;
gray to tan........ ... i e, 7 92

Gravel, fine to coarse; contains caliche and minor
amounts of fine tan sand; gray to tan............. 8 100

Silt and sand; fine to coarse; contains fine to medium
gravel; brown .......... .. ... . i, 10 110
Clay, silty; contains medium gravel; tan.............. 10 120

Gravel; fine to coarse; contains numerous fragments
of ironstone; tan.............cc.ciuuininiininnn., 6 126

Creraceous—Gulfian
Dakota formation

Sandstone, fine- to medium-grained, tan to brown.... 4 130

34. Sample log of test hole at the SE cor. sec. 32, T. 21 S, R.19 W. Surface
altitude, 2,0790 feet.
Thickness, Depth,
feet

feet
Soil, dark gray.............oiiiiiiii i 3 3
QUATERNARY—Pleistocene and Recent
Alluvium

Clay, silty, brown to gray; contains fragments of

astropods ...t 6 9
Clay, silty, brown..........coiiiiiiiiieiiannnnnns. 4 13
Clay, silty, tan........oooiiiiiiiniinin i, 5 18
Clay, silty, buff...........oo i, 2 20
Clay, silty; contains medium gravel; tan............. 10 30
Sand, medium, and silt; contains caliche; tan.......... 10 40
Sand, medium to coarse, tan......................... 8 48
Clay, silty; contains fine-grained sand; tan.......... 2 50
Silt and sand, medium to coarse; tan.................. 10 60
Sand, medium to coarse; contains gravel; tan.......... 7 67
Clay, silty, tan to yellowish tan...................... 7 74
Clay, silty; contains medium-grained sand; buff...... 6 80
Gravel, fine to medium; contains fragments of ironstone, 10 90
Gravel, fine to coarse, tan................ccuuuuii... 12 102

CreTACEOUS—Gulfian

Dakota formation
Clay, silty, bluish gray; contains yellow limonitic stains, 8 110
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35. Sample log of test hole at the NE cor. sec. 9, T. 21 S, R. 20 W. Surface
altitude, 2,132.8 feet.
Thickness, Depth,

feet feet

Soil, silty, brown .......ceiiiiiiiii e 2 2
QUATERNARY—Pleistocene
Terrace deposits

Clay, silty, tan to buff............. ...t 8 10
Clay, silty, tan ... .ottt iiiiiiiiiiiiienns 10 20
Clay, silty; contains a few lime concretions; tan...... 10 30
Clay, silty ; contains a few small fragments of ironstone;

7 ¢ 8 38
Gravel, fine to medium; contains silt; tan........... 9 47
Silt, buff ... e 17 64
Silt; contains a few lime-cemented zones; yellow to

light tan ......ciiiiiiiiiiiiii i 5 69
Gravel, fine to coarse; containssilt; tan................ 21 90
Gravel, fine to coarse; contains silt and caliche; tan... 10 100

CreracEous—Gulfian
Dakota formation
Clay, silty, mottled red and tan; contains limonitic
CONCIEtIONS v .verrit i ieenenrienaerananeanns 3 103

36. Sample log of test hole at the SE cor. sec. 9, T. 21 S, R. 20 W. Surface
altitude, 2,111.4 feet.

Thickness, Depth,
feet feet

Road fill ... . i e 2 2

QUATERNARY—Pleistocene
Terrace deposits

Clay, silty, tan.......cooiiiiiiiiiiiieiiiinnnnenan 8 10
Clay, silty; contains hard white particles (bentonite?); -

L7 U 10 20
Clay, silty, tan........cciiiiiiiiniiiiiiiieennnnnns 30 50
Clay, silty; contains caliche; tan to gray.............. 10 © 60
Clay, silty, dark gray and tan giving unit a mottled

APPEATANICE .+ et vee e venenaneeecnerenannnsnnncnnnnens 5 65
Clay, silty, dark gray and tan.................ccoones. 7 72
Gravel, fine to coarse, tan to gray; contains tan s11t 8 80
Gravel, fine to medium; contains tan silt and cahche, 6 86
Clay, silty; contains fine to coarse gravel; buff........ 9 95
Clay, silty; contains fine to medium gravel; buff.... 5 100
Gravel, fine to medium; contains silt; buff........... 8 108

CreTacEOUS—Gulfian

Dakota formation
Sandstone, medium, white.................... ... ... 7 115
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37. Sample log of test hole at the SW cor. sec. 15, T. 21 S., R. 20 W. Surface

altitude, 2,097.1 feet.

Thickness,
feet
Soil, silty, brown ......... ..., 3
QUATERNARY—Pleistocene and Recent
Alluvium
Clay, silty, BrOWh. .....ooviiiii it e, 13
Clay, silty, tan.........cccoiiiiiiiiiiiiiiiiiiinnnn.. 4
Clay, silty; contains fine sand; tan.................... 8
Clay, silty; contains fine sand and fragments of fossil
shells; tan ... i 4
Sand, medium to coarse; contains silt and fine gravel, 12
Gravel, fine to coarse; contains silt, sand, and caliche;
1123 ¢ P 6
Gravel, fine to coarse; contains coarse sand, silt, and
caliche; tan.. ... .. ..cciviiiiiiiiiii i, 13
Clay, silty; contains fine gravel; tan to gray.......... 4
Clay, silty; contains fine sand; light tan.............. 4
Clay, silty; contains caliche; light tan................ 3
Gravel, fine to medium; contains silt; tan............ 6
Gravel, fine to coarse; contains caliche and silt; tan.. 10
Clay, silty; contains lime-cemented zones; light tan.. 12
Clay, silty, tan to yellowish tan...................... 5
Gravel, fine to coarse; contains silt; tan to gray...... 12.5
CreETACEOUS—Gulfian
Dakota formation
Clay, silty, mottled tan and rose...................... 5.5

Depth,

feet
3

16
20
28

32
44

50

63
67
71
74
80
90
102
107
119.5

125

38. Sample log of test hole at the SE cor. sec. 17, T. 21 8., R. 20 W. Surface

altitude, 2,103.7 feet.

Thickness,
feet
Road fill ... 3
QUuATERN ARY—Pleistocene and Recent
Alluvium
Clay, silty, tan and brown............................ 23
Clay, silty, tan and brown; contains fine to coarse sand, 4
Sand, fine to coarse, tan; contains tan silt and frag-
ments of white shells.............................. 17
Clay, silty, tan and buff.............................. 10
Clay, silty, bluish gray.............cocoviiiiinin... 12
Gravel, fine to medium, tan; contains tan caliche.... 10
Creraceous—Gulfian
Dakota formation
Sandstone, fine, tan and white........................ 14

Depth,

feet

3

26
30

47
57
69
79

93
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39. Sample log of test hole at the SW cor. sec. 18, T. 21 S, R. 20 W. Surjace
altitude, 2,121.8 feet.
Thickness, Depth,

feet feet
Soil, dark gray........cooiiiiiiiiiiii i 7 7
QuaTERN ARY—Pleistocene and Recent
Alluvium .
Clay, silty, light gray..........coiiiviiiiiiinns, 2 9
Clay, silty, light tan; contains fine to medium sand .
and white nodular caliche.......................... 6 15
Clay, silty, buff........ .. .. i i, 18 33
Clay, silty, tan to buff; contains fine to coarse sand
and white caliche............... ... .. i, 15 48
Clay, silty, dark gray..........ccoeiiiiiiiiinnnn... 2 50
Clay, silty, tan; contains fine to medium sand........ 8 58
Gravel, fine to medium; contains fine to coarse sand,
silt, and tan caliche...................c.coiiiii.... 8 66
Clay, silty, dark gray; contains fine to medium sand and
fragments of snail shells.......................... 4 70
Gravel, fine to coarse, tan; contains fine to coarse sand
and tan caliche............c. oot 3 73
Clay, silty, light gray; contains fine sand............ 8 81
Clay, silty, tan with yellow stains; contains fine to
COArse SANA . ..viretii i e 3 84
Gravel, fine to coarse, tan; contains fine to coarse sand
and tan caliche............ ... .. ..o i, 9 93
Gravel, fine to coarse; contains tan and gray silt and
white caliche...... ... ..o ittt 2 95
Gravel, fine to coarse; contains fine to coarse sand
and silb. ... 7 102
Sand, fine to coarse; contains tan silt................ 10 112
Gravel, fine to coarse; contains medium to coarse sand,
and tan and white caliche......................... 26 138
Creracrous—Gulfian
Dakota formation
Clay, silty, gray, mottled red........................ 2 140

40. Sample log of test hole at the SE cor. sec. 18, T. 21 8., R. 20 W. Surface
altitude, 2,113.1 feet.

QuaTteErN ARY—Pleistocene and Recent Thickness,  Depth,

Alluvium feet feet
Silt, dark tan..........o. i 20 20
Clay, silty, tan and buff............. ... .. ... ... 10 30
Clay, silty, grayish tan with small red concretions.... 10 40
Clay, silty, light gray to dark gray................... 8 48

Silt, dark tan and gray; contains fine to medium sand
and fragments of white shells...................... 3 51
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Thickness, Depth,
feet feet
Gravel, fine to coarse, tan; contains fine to coarse

sand and fragments of white shells................ 9 60
Sand, fine to coarse, tan; contains fine to coarse gravel
and white to tan caliche........................... 10 70
Gravel, fine to coarse, tan; contains medium to coarse
sand and tan and white caliche.................... 27 97
Clay, silty, tan; contains fine to coarse sand and white
and tan caliche.................c.ciiiiiiiiiia., 14 111
Gravel, fine to coarse, tan; contains fine to medium
sand and white and tan caliche.................... 5 116
CreTACEOUS—Gulfian
Dakota formation
Clay, silty, light gray to tan, mottled red.............. 4 120

41. Sample log of test hole at the NW cor. sec. 23, T. 21 8., R. 20 W. Surface

altitude, 2,094.8 feet.
Thickness, Depth,
feet

feet
Road fill ...t 2 2
QuaTterNARY—Pleistocene and Recent
Alluvium
Clay, silty, tan gray.......ccoviverinneennennennnene, 21 23
Clay, silty; contains fine sand; tan and light yellowish
7 ¢ 3 26
Silt, tan; contains fine to coarse sand................ 4 30
Gravel, fine to medium; contains medium to coarse sand
and tan silt........ .. o i, 31 61
Clay, silty, buff; contains white caliche.............. 22 83
CreracEOUS—QGulfian
Dakota formation
Clay, silty, tan, mottled red..............ccivvvnn.... 3 86

42. Sample log of test hole in the NE cor. sec. 24, T. 21 S., R. 20 W. Surface

altitude, 2,094.9 feet.
Thickness, Depth,

feet eet
Road fill ... ..o i i 3 3
QuATERNARY—Pleistocene and Recent
Alluvium
Clay, silty, buff; contains caliche..................... 7 10
Clay, silty, tan and yellow; contains fine sand........ 19 29
Creraceous—Gulfian

Dakota formation
Clay, silty, tan and yellow............cooviiiiin... 2 31
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43. Sample log of test hole at the NW cor. sec. 24, T. 21 S., R. 20 W. Surface
altitude, 2,093.0 feet.

Thickness, Depth,
feet feet

Soil, dark gray......cooiiiiiiiiii i 1.5 1.5
QuATERNARY—Pleistocene and Recent
Alluvium
Clay, silty, tan t0 gray....ocovvreirenernneinnennenn,s 23.5 25
Clay, silty, buff; contains fragments of shells........ 7 32
Sand, fine to coarse, tan; contains fragments of caliche
and tan silt..... ... ... e 8 40
Gravel, fine to coarse, tan; contains fine to coarse sand,
silt, and tan and white caliche...................... 25 65
Clay, silty, tan and gray; contains nodular caliche.... 11 76
Sand, fine to coarse, yellowish tan; contains fine to
coarse gravel, and tan silt............... ... .. ..., 2 78
Creracrous—Gulfian

Dakota formation
Clay, silty, yellow; contains fragments of brown iron-
stone and fine sand............ ... i, 2 80
44. Sample log of test hole at the NE cor. sec. 28, T. 21 8., R. 20 W. Surface
altitude, 2,096.4 feet.
Thickness, Depth,
feet

feet
Road fill ... 3 3
QUATERNARY—Pleistocene and Recent
Alluvium
Clay, silty, tan and gray.............cooveiiinunnn.. 7 10
Clay, silty, brown and gray..........ccovieeeeennn.... 15 25
Sand, medium to coarse; contains a few lime-cemented
B0 4 T3S 7 o 5 30
Sand, coarse; contains fine gravel; tan............... 10 40
Gravel, fine to coarse; contains coarse sand; tan to gray, 5 45
Clay, silty, contains coarse sand and fine gravel; tan, 2 47
Gravel, fine to coarse, tantogray............covuun.... 13 60
Sand, coarse; contains fine to medium gravel; tan.... 10 70
Gravel, fine to coarse, tan..................coouina... 10 80
Gravel, fine to coarse, tan to gray.................... 13 93
CreTACEOUS—Gulfian

Dakota formation

Clay, silty; contains sandstone and purple and tan frag-
ments of ironstone................ ... .. Ll 7 100
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45. Sample log of test hole at the SW cor. sec. 27, T. 21 8., R. 20 W. Surface
altitude, 2,123.8 feet.
Thickness, Depth,
feet feet
Road fill .. ... 2 2

QUATERN ARY—Pleistocene
Terrace deposits

Clay, silty, tan to brown.............cccoviiiiiininn... 3 5
Clay, silty, brown ...........ccviiiiiiiiiiiininn. 2 7
Clay, silty, tan to brown.............coovviiinnnenn... 12 19
Clay, silty, tan......coviiiiii it iii 11 30
Clay, silty, buff; contains a few lime-cemented zones.. 11 41
Clay, silty; contains coarse sand; tan................ 3 44
CreTACEOUS—Gulfian
Dakota formation~
Sandstone, fine to medium, tan to brown.............. 4 48

46. Sample log of test hole at the SW cor. sec. 4, T. 22 8., R. 16 W. Surface
altitude, 2,0003 feet.

QUA’I’ERNARY——Plei.St»O(Bene and Recent Thickness, Depth,
Dune sand (Pleistocene and Recent) feet feet
Sand, fine to medium; contains silt; tan to gray...... 2 2

Meade formation (Pleistocene)
Gravel, fine to coarse, tan; contains medium to coarse

sand and silt.........oiiiii 18 20
Gravel, fine to coarse, tan; contains fine to coarse sand,

silt, and tan and white caliche...................... 30 50
Sand, fine to coarse, tan; contains fine to medium gravel, 14 64
Clay, silty, tan; contains fine to coarse sand and gravel,

with fragments of tan and white caliche............ 9 73
Clay, silty, tan and gray; contains gray and tan caliche

with limonitic stains..........ccooviiiiiiiiennnn.. 12 85
Gravel, fine to coarse, tan; contains sand and silty

clay; gray to tan........... ... ool 16 101

CreracEOUs—Gulfian
Dakota formation
Sandstone, fine to medium, brown with yellow stains.. 19 120

47. Sample log of test hole in the NEY4 NEY sec. 5, T. 22 S.,, R. 16 W. Sur-

face altitude, 1,999.6 feet.
Thickness, Depth,

feet feet
Soil, dark gray...... ...t 3 3
QUATERNARY—Pleistocene and Recent
Alluvium
Silt, tan and gray; contains fine to medium sand...... 3 6
Sand, fine to coarse; contains fine gravel.............. 4 10
Gravel, fine to coarse; contains coarse sand.......... 15 25
CreracEOUS—Gulfian

Dakota formation
Clay, silty, gray, mottled red................cccvueent. 10 35
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48. Sample log of test hole at the SW cor. sec. 9, T. 22 8., R. 16 W. Surface
altitude, 2,010 feet.

QuATERNARY—Pleistocene Thickness Depth
El e

Meade formation feet feet
Sand, fine to coarse, tan; contains fine to coarse gravel
and white caliche.............ccooiiiiiiiienin.... 19 19
Gravel, fine to coarse, tan; contains fine to coarse sand
and tan Silt....... .. i 11 30
Sand, fine to coarse, tan; contains fine to medium gravel, 19 49
Creraceous—Gulfian
Dakota formation
Clay, silty, tan and buff, mottled red.................. 8 57

49. Sample log of test hole at the NW cor. sec. 21, T. 22 S., R. 16 W. Surface
altitude, 2,0319 feet.
Thickness, Depth,
eet feet
Soil, dark gray.......cooieiiiiii i 3 3
QUATERNARY—Pleistocene

Meade formation

Clay, silty, light gray; contains very fine sand........ 5 8
Sand, very fine to coarse; contains tan silt............ 14 22
Silt, tan; contains fine to coarse sand and white caliche, 4 26
Sand, fine to coarse, tan; contains fine gravel.......... 4 30
Gravel, fine to coarse, tan; contains fine to coarse gravel

and white and tan caliche......................... 31 61
Sand, fine to coarse, tan; contains fine gravel........ 6 67
Clay, silty, tan and gray; contains fine to coarse sand.. 13 80
Clay, silty, tan and gray............................ 8 88
Clay, silty, tan; contains fine to coarse sand and white

caliche ... ... i 2 90

Creraceous—Gulfian

Dakota formation
Sandstone, fine to medium, tan and brown, with yellow
SEAINS e e e 10 100
50. Sample log of test hole at the NW cor. sec. 33, T. 22 8., R. 16 W. Surface
altitude, 2,041.2 feet.

QUATERNARY—Pleistocene Thickness,  Depth

Meade formation feet Jeet
Sand, fine to coarse; contains tan silt................. 2 2
Clay, silty, tan and gray; contains fine to medium sand, 6 8
Silt, greenish gray; contains fine to medium sand.... 5 13
Silt, tan with yellow stains; contains fine sand...... 8 21
Gravel, fine to medium; contains fine to coarse sand;

17 o Y 5 26
Sand, very fine to fine; contains tan silt.............. 2 28

Sand, fine to coarse; contains fine gravel and tan and
white caliche ......... ... i, 12 40
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Thickness,
feet
Sand, fine to coarse, yellow tan; contains limonitic ce-
mented ZONES .........iiiiiiiii i 12
Sand, fine to coarse, tan; contains fine to coarse gravel
and tan and white caliche......................... 38
Clay, silty, gray and tan with yellow limonitic stains;
contains fine to medium sand and white caliche.... 23
Sand, fine to coarse, tan; contains fine to medium gravel, 17
Sand, fine to coarse, tan and gray; contains fine to
coarse gravel, tan and white caliche, and gray silt... 20
Sand, very fine to coarse, tan; contains tan and white
caliche and fine gravel............................. 20
Gravel, fine to coarse, tan; contains fine to coarse sand,
tan caliche, and silt............................... 17
Creraceous—Gulfian
Dakota formation
Clay, silty, bluish gray; contains blue shale, fine to me-
dium sand, black carbonaceous material, and pyrite, 13

Geological Survey of Kansas

Depth,
feet

52

90

113
130

170

187

200

51. Sample log of test hole at the NW cor. sec. 7, T. 22 8., R. 17 W. Surface

altitude, 2,039.6 feet.

Thickness,

Road fill ....... ... i

QUATERNARY—Pleistocene and Recent
Alluvium

Clay, silty, tan and gray; contains fine to medium sand,
Sand, fine to coarse, tan; contains silt and clay.......
Sand, fine to coarse, tan; contains fine to medium gravel,
white caliche, and fragments of white shells........
Clay, silty, tan and gray; contains fine to coarse sand
and fine gravel .......... .. ... . ... . ...l

Clay, silty, tan and gray; contains fine to medium sand,
Sand, fine to medium, tan; contains silt..............
Gravel, fine to coarse; contains fine to coarse sand,
caliche, and silt; tan and gray......................
Clay, silty, buff; contains fine to medium sand, and
coarse gravel ............iiiiiiiiiii i,
Gravel, fine to coarse, tan; contains fine to coarse
sand, caliche, and silt.......... ... ...,

CreTACEOUS—Gulfian
Dakota formation

Sandstone, fine to coarse, brown and tan; contains yel-
low and tan silty clay. ...

feet

2.5

15.5
22

14

12

18

12

19

Depth,
feet

2.5

18
40

54

67
70

2

96

108

127

140
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52. Sample log of test hole at the SW cor. sec. 7, T. 22 8., R. 1?7 W. Surface
altitude, 2,0400 feet.
Thilclcness, Depth,

eet feet
Road fill ... ... 2 2
QUATERNARY—Pleistocene and Recent
Alluvium

Clay, silty, tan; contains fine sand.................... 12 14
Clay, silty, light gray and dark gray.................. 2 16
Clay, silty, tan; contains fine to medium sand........ 2 18
Sand, fine to coarse, tan, interbedded with tan silty clay, 7 25
Sand, fine to coarse, tan; contains silt................ 5 30
Sand, fine to coarse; contains fine gravel; tan and gray, 9 39
Silt, brown; contains fine to medium sand............ 5 44
Silt, grayish tan; contains fine to medium sand....... 3 47

Sand, fine to coarse, tan; contains tan and gray fine
o3 2 1Y N 14 61

Silt, tan; contains fine to medium sand, caliche, and
fragments of shells................................ 9 70

Gravel, fine to coarse, tan and gray; contains fine to
coarse sand and caliche............................ 11 81

Creraceous—QGulfian
Dakota formation
Clay, silty, light gray with red stains................ 9 90

53. Sample log of test hole at the NW cor. sec. 19, T. 22 8., R. 17 W. Surface
altitude, 2,069.4 feet.
Thickness, Depth,
feet feet
Road fill ... 2 2
QUATERNARY—Pleistocene
Terrace deposits

Silt, tan and brown ......... ... il 6 8
Silt, tan and buff; contains clay and nodular white

caliche .......... e e it 42 50
Silt, tan; contains white caliche and fine to medium

SANA L 7 57

CreTacEOUS—Gulfian
Dakota formation
Clay, silty, tan and gray, mottled red................ 3 60

54. Sample log of test hole at the NW cor. sec. 30, T. 22 8., R. 17 W. Surface
altitude, 2,097.0 feet.

Thickness, Depth,
feet feet

Road fill ....ooveniiii i e, 3 3
QUATERNARY—Pleistocene
Terrace deposits
Clay, silty, brown and tan............................ 6 9
Clay, silty, brown, tan, and white, contains caliche and
fragments of brown ironstone...................... 3 12
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CreTACEOUS—Gulfian )
Dakota formation Thty’celiz’tless’ D?getth’
Clay, silty, tan, white, and yellow; contains very fine-
grained sandstone............ ...ttt 3 15

55. Sample log of test hole at the SW cor. sec. 31, T. 22 8., R. 17 W. Surface
altitude, 2,074.8 feet.
Thickness, Depth,
feet

feet
Road fill . ... o 2 2
QUATERNARY—Pleistocene and Recent
Alluvium
Clay, silty, tan and gray; contains fine to medium sand, 6 8
Gravel, fine to coarse, tan and gray; contains coarse
tan sand ................ e 12 20
No sample recovered. Drilling speed indicated coarse
sand and gravel........ ... .. .. i, 5 25

CretacEoUS—Gulfian
Dakota formation
Sandstone, fine, yellow and tan, interbedded with tan
and yellow clay..........ooiiiiiiiiiiiiin, 5 30

56. Sample log of test hole at the NE cor. sec. 7, T. 22 8., R. 18 W. Surface
altitude, 2,063.} feet.
Thickness, Depth,

feet feet
Road fill ... 4 4
QuATERNARY—Pleistocene and Recent :
Alluvium
Clay, silty, dark gray to tan.......................... 7 11
Clay, silty, tan to brown; contains tan fine to medium
SANA ettt e e, 19 30
Clay, silty ; contains very fine-grained sand ; buff and tan, 7 37
Gravel, fine to coarse; contains fine to coarse sand,
and tan and gray silt............... ... ., 16 53
Clay, silty, buff; contains fine to coarse sand, and white
caliche ... i 7 60
Sand, fine to coarse; contains fine gravel and silt; tan, 4 64
Clay, silty, dark gray .........ccoiiiiiiinnin.. 6 70
Sand, fine to coarse, tan to brown.................... 6 76
Clay, silty, light gray to dark gray; contains fine to
medium sand ......oiiiii e 6 82
Sand, fine to coarse; contains fine to medium gravel;
173 o 11 93
Gravel, fine to coarse, tan and brown; contains fine to
coarse sand and fragments of limonitic-stained iron-
stone and white caliche............................ 16 109

Creraceous—Gulfian
Dakota formation
Clay, silty, yellow tan, light gray, and buff............ 4 113
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57. Sample log of test hole at the SE cor. sec. 7, T. 22 S, R. 18 W.

altitude, 2,068.0 feet.

Thickness,
feet
Road fill ... e e 2
QUATERNARY—Pleistocene
Terrace deposits
Silt, light brown. ..ot 3
Clay, silty, tan and buff..............cocoieiiiiia.. 15
Clay, silty, brown and tan..................coeen... 12
Clay, silty, tan and buff ..................cooiines. 31
Gravel, fine to coarse; contains coarse sand and silt;
tan and gray........coiiiiiiiiiiiii i e 8
Clay, silty, light brown.................ccoveviiin.. 11
Clay, silty, tan; contains fine to coarse fragments of
ironstone and white caliche........................ 8
Clay, silty, mottled red and tan...................... 6
CreETAcROUS—Gulfian
Dakota formation
Clay, silty, light gray, tan, and yellow............... 4

58. Sample log of test hole at the SE cor. sec. 8, T. 22 S, R. 18 W.

altitude, 2,086. feet.

Thickness,
feet
Soil, silty, brown ........ ... i 2.5
QUATERNARY—Pleistocene
Terrace deposits
Clay, silty; contains fine sand; brown................ 7.5
Clay, silty; contains caliche; buff..................... 36

Creraceous—Gulfian
Dakota formation
Sandstone, fine to medium, brown and tan; contains
fragments of yellow and brown silty clay.......... 4

59. Sample log of test hole at the SE cor. sec. 19, T. 22 8., R. 18 W.

altitude, 2,098.2 feet.

Thickness,
feet
Soil, silty, gray......cooiiiiiiiiiiiiiiii i 2
QUATERNARY— Pleistocene
Terrace deposits

Silt, brown ....... ... i 2

Clay, silty, brown to tan; contains white caliche...... 6

Clay, silty, buff............. i 10
Clay, silty, buff to tan; contains small fragments of

caliche ..o 10
Clay, silty, tan to buff; contains medium to coarse

tan and gray gravel..............oiiiiiii .. 5

Gravel, fine to coarse; contains silt; tan.............. 1

141
Surface

Depth,
feet

2

20
32
63

71
82

90

100

Surface

Depth,
feet

2.5

10
46

50

Surface

Depth,
feet

2

g

10
20

8 &
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CrETACEOUS—QGulfian .
Dakota formation Thlg;?m’
Clay, silty, tan and yellow...........cevveenrenennnn.. 2

60. Sample log of test hole at the SE cor. sec. 25, T. 22 S., R. 18 W.

altitude, 2,090.9 feet.

Thickness,
feet
Road fill ...ooviiii i i 2
QUATERNARY—Pleistocene
Terrace deposits
Clay, silty, 8ray......c.ooiiiiiiin e iineeannns 7
Clay, silty, tan to buff; contains white caliche........ 19
Clay, silty, tan to buff; contains white caliche and fine
tocoarsesand......... .. i 13
Clay, silty, pale yellow and white; contains soft lime-
cemented ZONES ...........iiiiiiiiii e, 1
Gravel, fine to medium; contains fine to coarse sand
and fragments of brown ironstone.................. 1.5
CreTACEOUS—Gulfian
Dakota formation
Clay, silty, mottled yellow and tan.................... 6.5

61. Sample log of test hole at the SE cor. sec. 31, T. 22 S, R. 18 W.

altitude, 2,147.3 feet.
Thickness,
eel
Road fill ... 2
QuaTERNARY—Pleistocene

Terrace deposits
Clay, silty, buff to tan; contains white and tan caliche, 11

CreTACEOUS—Gulfian and Comanchean
Dakota formation (Gulfian)

Sandstone, fine to medium, yellow and tan............ 6
Clay, silty, mottled tan and yellow................... 10
Sandstone, fine, calcareous, tan and yellow............ 0.5
Clay, silty, mottled tan and reddish brown........... 15.5
Clay, silty, mottled red and tan...................... 15
Clay, silty, gray, purple, and tan............oeoevn.n 7
Clay, silty, gray; contains fragments of coal.......... 8
Clay, silty, yellow and gray.........covvvvieeiievnnns 2
Sandstone, fine, brown; contains yellow and gray silty

clay and fragments of ironstone................... 8
Clay, silty, gray, buff, and red................oooiiut. 5
Clay, silty, gray and buff..................coiiiiii 6.5
Sandstone, fine, gray.........ccovuieiiiiiiiiiiinieinn 11.5
Clay, silty, gray, yellow, and red...................... 14.5
Clay, silty, gray, yellow, and orange.................. 2.5
Clay, silty, gray, tan, and red..........c.coovineinnns 17

Clay, silty, gray, tan, yellow, and red; contains frag-
ments of ironstone............oeiiiiiiiiiiiiinn. 15

Depth,
feet

38

Surface

Depth,
feet

2

28

41

43.5

50

Surface

Depth,
feet

2

13

19
29
29.5
45
60
67
75
7w

96.5
108
122.5
125
142

157
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Thickness, Denth,

feet feet
Clay, silty, gray, tan, and yellow..................... 0.5 157.5
Clay, silty, gray and yellow; contains fragments of fine
brown sandstone ............... .. it 11.5 169
Clay, gray; contains fragments of brown and white fine
sandstone having limonitic stains................... 7 176
Clay, silty, gray, tan, and orange; contains fragments
of coal ..ouiii e 8 184
Clay, gray, tan, and orange................cccouev..... 5 189
Clay, white, gray, and mottled red and tan............ 7 196
Kiowa shale (Comanchean)
Shale, dark gray.........coviiiiiiiiii i, 3.5 199.5
Clay, mottled yellow and gray...........cccovuuennn... 6.5 206
Clay, gray and tan..............oooveuninennnnnnnn, 8 214
Sandstone, fine, tan and gray, having red stains...... 5 219
Clay and shale; gray with red stains................. 9 228
Sandstone, fine, tan, and gray; contains red oxidized
fragments of ironstone and fragments of brown car-
bonaceous material ............... ... ... ..., 8 236
Sandstone, fine, tan and gray; contains interbedded
tan clay ... e 14 250
Sandstone, fine, buff and gray; contains fragments of
Carbom ... 16 266
Sandstone, fine, dark gray; contains buff clay.......... 9 275
Clay, Bray ..cueeeieii it 7 282
Clay, gray to bluish gray................covviiinn... 2.5 284.5
Shale and clay, tan and gray........................ 5.5 290
Shale, gray; contains interbedded tan clay............ 6 296
Shale, gray and tan..................ciiiiiiiinn.... 2 298
Shale, tan and gray; contains fragments of carbon...... 6 304
Shale, gray; contains interbedded tan clay having red
SEAIIS e e e 16 320
Shale, gray; contains interbedded fine tan sandstone, 10 330
Shale, gray; contains fragments of carbon.............. 16 346
Shale, bluish gray..........cooiiiivii i, 10 356
Shale, gray; contains interbedded tan clay and sandstone
having red stains............ccoviiiiiiennnnnn... 15 371
Shale, dark gray.........ccoooiiiiiiinininnnnnnnnnn. 3 374
Shale, dark gray; contains interbedded tan sandstone
and fragments of pyrite...........ccoviuiii .. 31 405
Cheyenne sandstone (Comanchean)
Shale, gray; contains interbedded tan sandstone...... 14 419
Shale, gray to grayish green; contains interbedded tan
and white sandstone.................... ... .. ..... 10 429
PermiaN Redbeds (Undifferentiated)
Shale, gray and tan; contains interbedded sandstone... 6 435
Shale, gray; contains .interbedded brown sandstone.... 15 450

Shale, reddish tan, sandy..............c.cviveinnn.... 5 455
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62. Sample log of test hole at the SW cor. sec. 4, T. 22 8., R. 19 W. Surface

altitude, 2,094.0 feet. Thickness, Depth,
feet feet

Soil, silty, brown ...........coiiiiiiiii 3 3

QUATERNARY—Pleistocene
Terrace deposits

Clay, silty, brown to tan....................coevu.... 4 7
Clay, silty, brown.....................oioiiiin... 6 13
Clay, silty, tan............o i, 17 40
Clay, silty; contains tan caliche...................... 10 40
Clay, silty, buff......... ... .. ... 10 i
Clay, silty; contains limonitic oxidized fragments of

ironstone; buff ......... ... ... 8 58
Clay, silty, brown to tan............................ 15 73

CretacEOUS—QGulfian

Dakota formation

Clay, silty, bluish gray to tan, having red limonitic
SEAINS Lo e e s 4 77

63. Sample log of test hole at the SE cor. sec. 8, T. 22 8., R. 19 W. Surface

altitude, 2,098.2 feet. Thickness, Depth,

feet feet

Soil, silty, brown ... 4 4
QUATERNARY—Pleistocene
Terrace deposits _ .

Clay, silty ; contains a few small fragments of shells; tan, 4 8
Clay, silty; tan.....ccoeiiiiieieiinnnneenneennennenn, 22 30
Clay, silty, light brown to tan........................ 10 40
Clay, silty, tan, mottled red..... e, 7 47

CreETACEOUS—Qulfian
Dakota formation
Clay, light greenish gray, mottled red and yellow...... 3 50

64. Sample log of test hole at the SE cor. sec. 20, T. 22 S., R. 19 W. Surface
altitude, 2,1196 feet.
Thickness, Depth,

feet feet
Soil, silty, brown todark tan.......................... 3 3
QUATERN ARY—Pleistocene
Terrace deposits
Clay, silty, tan; contains numerous fossil shells........ 4 7
Clay, silty, tan and gray..........cooivneveneennnnn... 3 10
Clay, silty, tan .......ooitiiiiii it 10 20
Clay, silty; contains minor fine grains of .quartz; light
brown to tan....... ...t i 10 30
Clay, silty, tan.....covieeiiriniiennennreneneneennnns 14 44
Clay, silty; contains minor yellow limonitic stains and
fine grains of quartz; tan.....................o..t. 6 50
CreETACEOUS—QGulfian

Dakota formation
Clay, silty; contains yellow limonitic stains giving the
unit a mottled appearance ............c.ciiiiinnn. 3 53
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65. Sample log of test hole at the SE cor. sec. 32, T.228,R.19 W. Surface

altitude, 2,164.3 feet.

Thickness,
eet
Soil, silty, brown................... i 2
QUATERN ARY—Pleistocene
Terrace deposits
Clay, silty, tan...............ooooiieu 5
Clay, silty, brown..............ooovuinnnn . 4

Clay, silty; contains a few fragments of mica and par-

ticles of caliche; tan............................... 9
Clay, silty, tan.......ccooviiiiiieieiineesnnnn o, 10
Clay, silty, buff............oooo i, 20
Clay, silty; contains medium-grained sand and minor

fragments of caliche; tan.......................... 7
Silt and gravel, fine to coarse; contains caliche and many

fragments of ironstone having the appearance of li-

monite; tan ........... i 3
Bilt and sand, medium to coarse, tan; contains a few

fragments of fossil shells......................... .. 5
Clay, silty, and medium to coarse sand; contains yellow

limonitic stains throughout; tan and yellow........ 5

CreTACEOUS—Gulfian
Dakota formation
Clay, silty. Red oxidized areas give unit a mottled red
and tan appearance....................ooeinrn i, 3

66. Samiple log of test hole at the SW cor. sec. 3, T. 22 S,R.20W.

altitude, 2,164.7 feet.

Thickness,

feet

Road fill and soil, silty, gray to dark brown.......... 4
QUATERNARY—Pleistocene
Terrace deposits

Clay, silty, tan gray........ooooeeeneinennninnnnnnn . 2
Clay, silty; contains some fine-grained sand; brown.... 4
Clay, silty, buff......... ..o, 15

Clay, silty; contains some fine-grained sand; tan gray, 3.5
CreTACEOUS—Gulfian
Dakota formation
Clay, silty, tan and yellow, with some red oxidized col-
103 41 V- S 2.5

67. Sample log of test hole at the NE cor. sec. 4, T. 22, S, R. 20 W.

altitude, 2,143.0 feet.

Thickness,
eet
Road fill .....ooiiii i e 1
QUATERNARY—Pleistocene
Terrace deposits
Clay, silty, tan and gray.............................. 3
Clay, silty, brown and tan ............................ 6

10—4221

Depth,
feet

2

20
50

57

60

70

73

Surface

Depth,
feet

4

10
25
28.5

31
Surface

Depth,
feet

1

10
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Thickness,
feet
Clay, silty, tan. ......ooviiiiii i 15
Clay, silty; contains fine-grained sand and fine iron-
stone gravel; tan and rust red........... .. .. L. 1

CreETACEOUS—Gulfian
Dakota formation

Sandstone, fine-grained; contains silt and fine fragments

of reddish-brown to tan ironstone..................

68. Sample log of test hole at the NW cor sec. 15, T. 22 S., R. 20 W.

altitude, 2,183.0 feet.

QUATERN ARY—Pleistocene

Thickness,
Terrace deposits feet
Clay, silty, tan and light gray........................ 5
Clay, silty, brown.............oiiiiiiiiiiiinaa.n. 1
Clay, silty; contains tan caliche...................... 6
Creraceous—QGulfian '
Dakota formation
Clay, silty, yellow and tan.................c.o..... 2

69. Sample log of test hole at the NE cor. sec. 28, T. 22 S., R. 20 W.

altitude, 2,163.1 feet.

Thickness,
eet
Road fill and brown soil............cooiiiiiiiiiiiial, 4
QuATERNARY—Pleistocene
Terrace deposits
Clay, silty, tan t0 gray.....cooeeveieiiineereennnennn. 6
Clay, silty, tan............... e ettt 20
Clay, silty; contains medium sand; tan............... 15
Clay, silty, buff ... 9
Clay, silty; contains fine to medium sand and caliche;
17 ¢ RPN 7
Gravel, fine to coarse; contains silt and ﬁne to medium
sand; tan ... e e 6
CreTAcEOUS—QGulfian
Dakota formation
Clay, silty, mottled tan and red ...................... 3

70. Sample log of test hole at the SE cor. sec. 28, T.22 S, R. 20 W.

altitude, 2,198.1 feet

Road

QuarteErNARY—Pleistocene
.Terrace deposits

Clay,
Clay,
Clay,
Clay,
Clay,

Thickness,

feet
fill o e 3
silty, brown................oan P .3
silty, gray to brown............. ... ool 2
silty, brown........... ...l A 2
silty; contains fine sand; buff.............. ee.. 10
silty, buff.....oooo 7

Depth,
feet

25

26

28

Surface

Depth,
feet

—
NS S

14

Surface

+ Depth,

feet
4

10
30
45
54

61

67

70

Surface

Depth,
feet

3

10
20
27
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Thickness, Depth,
feet

feet
Clay, silty; contains fine to medium sand; buff....... 9 36
Clay, silty; contains fine to medium sand; buff to tan, 2 38
Clay, silty; contains fine to medium sand; tan........ 15 53
Clay, silty; contains fine to medium sand ; yellow to
buff .. 4 57
Gravel, fine to medium; contains silt and fine to me- .
dium sand; tan..............cooeiiin 4 61
CreTACEOUS—Gulfian
Dakota formation
Clay, silty, mottled red and tan...................... 2 63

71. Sample log of test hole at the NW cor. sec. 32, T.238,R. 15 W. Surface
altitude, 2,0445 feet.

Thickness, Depth,

feet feet
Road fill .....oooooiiiiiiiii i 3 3
QUATERN ARY—Pleistocene
Meade formation
Silt, tan and brown; contains fine to medium sand. . R 4 10
Clay, silty; contains fine to medium sand; tan........ 13 23
Sand, fine to medium; contains tan and vellow silt.... 13 36
Clay, silty, tan; contains white caliche................ 9 45
Ciay, silty, buff and tan; contains caliche............ 2 47
Gravel, fine to coarse; contains silt and caliche; tan... 36 83
Clay, silty, yellowish tan............................ 3 86
Clay, silty, compact, tan; contains white caliche. ..... 14 100
Clay, silty; contains fine to medium sand, and caliche;
tanand buff........... ... . o 11 111
Gravel, fine to coarse, tan and gray; contains fine to
coarse sand, silt, and caliche....................... 3 114
CreTACEOUS—Gulfian
Dakota formation
Clay, silty, tan and yellow..............0....o.. 0. .. 6 120

72. Sample log of test hole at the NE cor. sec. 36, T.238., R.15 W. Surface
altitude, 1,984.1 feet.
Thickness, Depth,
feet feet
Road fill .. ..o 2.5 2.5
QUATERNARY—Pleistocene

Meade formation

Silt, brown; contains fine to medium sand.......... 10.5 13
Silt; contains fine to coarse sand and fragments of ca-

liche; tan ......oooouiiii 7 20
Gravel, fine to coarse; contains fine to coarse sand and

silb; tan ... 17 37
Clay, silty; contains fine to medium sand; buff........ 3 40
Gravel, fine to medium; contains tan and buff silt.... 28 68
Clay, silty; contains fine sand; tan................... 32 100

Clay, silty, tan; contains fragments of red ironstone.. 10.5 110.5
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Creraceous—Gulfian .
Dakota formation T"'fé‘e'ée‘” D?Zgl ’
Clay, silty, light green and tan; contains fine brown
sandstone ... 4.5 115

73. Sample log of test hole at the NW cor. sec. 9, T. 23 8., R. 16 W. Surface
altitude, 2,046.1 feet.
Thickness, Depth,

: feet feet
Road fill ... ..o 3 3
QuaTERNARY—Pleistocene
Meade formation
Clay, silty, gray and brown.................ccouuu... 3 6
Clay, silty, greenish gray...................oooiuian. 2 8
Clay, silty, tan gray; contains fine to coarse sand...... 2 10
Clay, silty, buff; contains fragments of white caliche
and fine sand......... .. i i 11 21
Sand, fine to coarse, tan; contains silt and fragments of .
white and tan caliche............................. 9 30
Sand, fine to coarse, buff; contains silt and white
caliche .. ... iiiuiiiiiii i 14 44
Gravel, fine to coarse, tan; contains coarse sand and
white caliche .............cooiiiiiiiiii, 32 76
Clay, silty, buff; contains fine to coarse sand.......... 44 120
Clay, silty, buff and tan; contains fine to coarse sand
and white caliche ............. ... i, 5 125
CreTacEoUsS—Gulfian

Dakota formation
Clay, silty, light gray with red stains; contains fine to
[oF:3 SICIST: s Vo R 5 130

74. Sample log of test hole at the NW cor. sec. 21, T. 23 8., R. 16 W. Surface
altitude, 2,066.8 feet.

Thickness, Depth,
feet feet

Road fill ... o 3 3
QUATERN ARY—Pleistocene
Meade formation
Clay, silty, brown; contains fine to medium sand and

white caliche .........ooiiiiiiiiiiiii 5 8
Clay, silty, tan; contains fine to medium sand........ 14 22
Gravel, fine to coarse, tan; contains medium to coarse

sand with silt and zones of cemented sand.......... 35 57
Clay, silty, buff with yellow tint; contains fine to me-

dium sand ... e e 11 68
Clay, silty, tan; contains fine to medium sand........ 9 77
Gravel, fine to coarse; contains medium to coarse sand

and tan caliche .............cciiiiiiiiiiiiiinienn, 9 86
Clay, silty, buff; contains fine to coarse sand and frag-

ments of ironstone.............ooiiiiiiiiiiiia., 7 93

Creraceous—Gulfian

Dakota formation
Clay, silty, tan mottled red............................ 7 100
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75. Sample log of test hole at the NW cor. sec. 33, T. 23 8., R. 16 W. Surface
altitude, 2,063.4 feet. Thickness, Depth,
feet feet

Road fill .....ooiiiiiiiiii i 2 2

QUATERN ARY—Pleistocene
Meade formation

Sand, fine to coarse, brown........................... 3 5
Sand, fine to medium, brown; contains white caliche

and brown silt...............oiiiiiaL . 2 7
Sand, fine to coarse; contains fine gravel; yellowish tan, 13 20
Gravel, fine to coarse; contains fine to coarse sand and

SIb; BAN Lo 51 71
Clay, silty, compact, grayish tan with yellow stains.... 9 80
Clay, silty, gray, yellow, and red..................... 9 89

CreETACEOUS—Gulfian
Dakota formation
Clay, silty, bluish gray with faint red and yellow stains, 11 100

76. Sample log of test hole at the SW cor. sec. 6, T. 23 S., R. 17 W. Surface

altitude, 2,062.3 feet. Thickness, Depth,
f

eet feet
Road fill ....ooiiiii i 2 2
QUATERNARY—Pleistocene and Recent
Alluvium
Clay, silty, grayish tan..............ccooivennen... 2 4
Gravel, fine to coarse; contains fine to coarse sand, and
silt; tan and gray......... ..., 14 18
Clay, silty, tan and buff; contains white caliche....... 22 40
Silt, buff; contains white caliche and fine to coarse sand, 8 48
Gravel, fine; contains fine to coarse sand; tan and buff, 4 52
CreTACEOUS—Gulfian
Dakota formation
Clay, tan, gray, and yellow, mottled red................ 2 54

77. Sample log of test hole at the NW cor. NE% sec. 18, T. 23 S, R. 17 W.
Surface altitude, 2,076.4 feet.

QUATERNARY—Pleistocene and Recent

. Thickness, Depth,
Alluvium eet feet
Gravel, fine to medium; contains fine to coarse sand;
tan and gray..........iiiiiiiiii et s 7.5 7.5
Silt, tan and buff; contains fine to coarse sand........ 7.5 15
Gravel, fine to coarse, contains fine to coarse sand; tan
and BIBY ...ttt 9 24
Gravel, fine to medium, tan and gray; contains fine to
coarse tan sand and silt ............ ... Ll 36 60
Clay, silty, tan and buff; contains coarse sand and fine
gravel ... 19 79
Creraceous—QGulfian

Dakota formation
Clay, silty, bluish gray, interbedded with tan fine-
grained sandstone ............c.ieiiiiiiiiiiinian. 9 88
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78. Sample log of test hole in the SWY% SEY sec. 18, T.23 8., R. 17 W. Sur-
face altitude, 2,092.6 feet.

QUATERNARY—Pleistocene and Recent Thickness, Depth,

Dune sand (Pleistocene and Recent) feet feet
Sand, fine to coarse, contains silt; tan................ 7 7
Meade formation (Pleistocene)
Silt, tan with red stains; contains fine to coarse sand.. 9 16
Sand, fine to coarse; contains fine gravel and silt; tan
with red stains.................... ... i, 4 20
Gravel, fine to coarse; contains medium to coarse sand ;
buff and tan .............. ... 10 30
Sand, fine to coarse; contains fine to coarse gravel; buff
and tan ... 11 41
Clay, silty; contains fine to coarse sand; tan.......... 9 50
Clay, silty, tan and buff; contains fine to coarse sand
and white caliche.................................. 10 60
Silt, tan and buff; contains white caliche.............. 38 98
Clay, silty, tan; contains fragments of brown ironstone, 1 99

CreTACEOUS—Gulfian
Dakota formation
Clay, silty, tan and yellow.................ccoovein.... 4 103

79. Sample log of test hole at the SE cor. sec. 30, T. 23 S, R. 17 W. Surface
altitude, 2,107.3 feet.
Thickness, Depth,

feet feet
Road fill ..o 5 5
QUATERN ARY—Pleistocene
Meade formation
Clay, silty, gray and tan................cooeevnin... 2 7
Clay, silty, tan with orange stains.................... 3 10
Sand, fine to coarse; contains silt; tan................ 9 19
Clay, silty, tan and gray; contains fine to medium sand, 3 22
Gravel, fine to medium; contains fine to medium sand
and silt; tan..... ... . 8 30
Gravel, fine to coarse; contains fine to coarse sand; tan, 36.5 66.5
Clay, silty, tan and buff.............................. 5.5 72
CreracEoUus—Gulfian ‘
Dakota formation
Sandstone, silty; contains silty clay; tan and yellow.... 3 75

80. Sample log of test hole at the SE cor. sec. 7, T. 23 S, R. 18 W. Surface.
altitude, 2,1967 feet.

Thickness, Depth,
feet feet

Road fill ... 1.5 1.5
QUATERNARY—Pleistocene
Terrace deposits

Clay, silty, gray and tan....................coouunn.. 4.5 6
Silt, Brown .....ooviiiii e 3 9
Silt, tan to buff; contains white caliche............... 58 67

Limestone, buff to tan.............................L. 0.5 67.5
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CRETA —Gulfian
ETscEoUs—Gulfia Thickness,  Depth,

Dakota formation feet feet
Clay, silty, gray, tan, and yellow; contains fragments of
brown fine sandstone...............ooiiiiiiiian.. 2.5 70

81. Sample log of test hole at the SE cor. sec. 19, T. 23 S., R. 18 W. Surface
altitude, 2,151.1 feet.
Thickness, Depth,

feet feet
Road fill ... e e e 2 2
QUATERNARY—Pleistocene
Terrace deposits
Silt, tan ... e, 7 9
Silt, brown .....oiiii 17 26
Silt, tan and buff; contains fine to medium sand, and
fragments of white caliche........................ 14 40
Clay, silty, tan and buff; contains fragments of brown
ironstone and white caliche........................ 7.5 47.5
Creraceous—Gulfian
Dakota formation
Sandstone, fine- to medium-grained; contains clay; yel-
JTow and tan......eeeeineerneii it 2.5 50

82. Sample log of test hole at the SW cor. sec. 29, T. 23 8., R. 18 W. Surface
altitude, 2,114.7 feet.
Thickness, Depth,

. feet feet
Road fill and soil, dark gray...............cooiiinal 2.5 2.5
QuATERNARY—Pleistocene
Alluvium
Silt, brown and tan....... e e, 1 3.5
Clay, silty, brown, tan, and gray; contains fine to me-
dium sand ... e 2.5 6
Gravel, fine to coarse, gray and tan; contains medium
and coarse sand and white caliche................. 14 20
Clay, silty, tan........cooviniiiiiiiiiiiiieiinn... 8 28
Clay, silty, tan and gray; contains fine to medium sand, 7 35
Clay, silty, tan and brown; contains white caliche.... 14 49
CreracEoUus—Gulfian
Dakota formation
Clay, silty, tan, mottled red; contains fragments of tan
and yellow fine sandstone.................cooiilt, 6 55

83. Sample log of test hole at the SE cor. sec. 31, T. 23 S, R. 18 W. Surface
altitude, 2,1212 feet.
Thickness, Depth,

feet feet
Road filland s0il ...cvvuveniiniiniiiii i iiinen 3 3
QuATERN ARY—Pleistocene
Alluvium
Sand, fine to medium, brown and tan, contains silt..... 1.5 4.5

Clay, silty, tan and gray.........ccoovevvvinineniinnn. 4.5 9
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Thickness,
feet
Cravel, fine to coarse, tan and Bray...........o.o.... 13

Clay, silty, tan and buff; contains white and tan caliche, 11

Clay, silty, buff; contains fine to medium sand....... 13

Silt, tan; contains very fine to fine sand.............. 4

Silt, tan and white; contains very fine to fine sand.... 10

Sand, very fine to fine, tan and white ; contains silt.... 7
CreTACEOUS—Gulfian
Dakota formation

Clay, silty, tan, mottled red and yellow.............. 11

84. Sample log of test hole at the SE cor. sec. 20, T.23 8, R. 19 W.

altitude, 22110 feet.

Thickness,
feet
Road fill .......oooooo 3
QUATERNARY—Pleistocene
Terrace deposits
Silt, light gray green to BrAY ettt e 4
Silt and clay, buff to tan ; contains fine sand, gravel,
and nodules of caliche......................... . . .. 18
CreTACEOUS—Gulfian

Dakota formation

Clay, blue gray and vellow, interbedded with fine-
grained brown sandstone........................... 5

85. Sample log of test hole at the SW cor. sec. 33, T.238,R. 19 W.

altitude, 2,197.7 feet.

Thickness,
feet
Road fill ... 2
QuaTERNARY—Pleistocene
Terrace deposits
Silt, yellow gray..........cooovoiiveeee 4
Bilt, brown ... 2
Silt, buff; contains fine sand, gravel, and nodules of
caliche ........... .. 57
Silt and clay, white and yellow, in part cemented; con-
tains fragments of ironstone....................... 3
Sand and gravel, fine to coarse; contains gray and
buff silt ... 6
Silt and clay, yellow brown and light gray; contains
fine to medium sand ............... ... ... ... 6
CreTACEOUS—Gulfian

Dakota formation
Sandstone, medium-grained, yellow brown............ 7

Depth,
feet

22
33
46
50
66
67

78
Surface

Depth,
feet

3

Surface

Depth,
feet

65
68

74

&
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86. Sample log of test hole at the NW cor. sec. 16, T. 23 8., R. 20 W. Surface
altitude, 2,319.3 feet.

TEeRTIARY—Pliocene Thickness, Depth,

Ogallala formation feet feet

8ilt, blocky, dark brown; contains fine gravel......... 9 9
Silt, light brown to tan; contains fine gravel and

nodules of caliche ..............cooiiiiiuninin.... 5 14
Silt, white, in part consolidated; contains fine sand to

fine gravel .........o i 17 31
Sand, gray to white, cemented with calcium carbonate, 11 42
Sand, fine to coarse, and white to tan silt............ 24 66

CreTACEOUS—Gulfian
Graneros shale

Clay, yellow to light gray..............ooovieni..... 5 71
Shale, fissile, black, contains fragments of bentonite.. 14 85
Shale, black; contains bentonite and fine-grained very

hard gray sandstone .............cooiiiiiniiiinn., 5 90

Dakota formation

Clay, blue gray; contains hard gray fine-grained sand-

Stone L e e 23 113
Shale, light gray to dark gray, and gray to white sand-

stone; contains fragments of pyrite and charcoal.... 19 132
Clay, light gray; contains fragments of charcoal, pyrite,

and gray sandstone.................oiiiiiinin., 15 147
Siltstone, light gray; contains fragments of charcoal,

pyrite, and hard brown sandstone.................. 28 175
Clay, varicolored; contains streaks of fine brown sand-

stone and fragments of charcoal and pyrite........ 52 227
Clay, silby, Bray «..ovvtiii it eeanns 15 242
Clay, silty, brown; contains charcoal and pyrite. ....... 38 280

87. Sample log of test hole at the SW cor. sec. 22, T. 23-S., R. 20 W. Surface
altitude, 2,278.7 feet.

QUATERNARY—Pleistocene Thickness, Depth

Terrace deposits feet feet
Silt, gray brown .......... it 5 5
Silt, buff; contains fine to coarse sand and nodules of

caliche ... ... .o i e 17 22
Silt, buff; contains fine to coarse sand................ 7 29

CreracEoUs—Gulfian
Greenhorn limestone (?)
Shale, calcareous, white to orange.................... 1 30
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88. Sample log of test hole at the SE cor. sec. 5, T. 24 8., R. 16 W. Surface
altitude, 2,076.2 feet.

'UATERNARY— Pleistocene
Q Thickness, Depth,

Meade formation feet feet
Silt, brown; contains fine sand....................... 2 2
Silt, gray; contains fine to coarse sand................ 3 5
Silt, brown; contains fine to coarse sand.............. 3 8
Silt, gray to brown; contains fine to coarse sand...... 5 13
Sand, very fine to coarse..........ooiiiiiiiiiiinin.... 18 31
Gravel, fine; contains fine to coarse sand............. 9 40
Gravel, fine; contains gray silt and fine to coarse sand, 10 50
Gravel, fine to medium, and fine to coarse sand...... 23 73
Gravel, fine to medium; contains fine sand and gray-

green silt ... e 20 93
Silt, dark gray to tan; contains very coarse gravel.... 7 100
Silt, dark gray to light gray...............ccovvui.... 8 108
Silt, tan; contains a litttle gravel.............c.co.ou... 16 124

CreTacEOUS—QGulfian and Comanchean
Dakota formation (Gulfian)
Clay, buff, yellow, and light gray; contains red clay

and Ironstone ..........cveiieiiiiniieiienneenanns 24 148
Clay, ZIaY ooiinttiite it it et 15 163
Shale, blocky, gray to buff; contains ironstone and

fine yellow sandstone ...............c.ccoviiviinn.n.. 37 200

Kiowa Shale (Comanchean)
Shale, dark gray; contains hard gray sandstone and a

few fragments of pyrite.............ccviiviiiinn... 17 217
Shale, dark gray; contains hard gray sandstone pyrite,

and fragments of fossil shells...................... 38 255
Shale, dark gray; contains thin beds of dark-gray to

black fissile shale and fragments of ironstone....... 29 284
Shale, dark gray; contains hard gray sandstone, pyrite,

and fragments of fossil shells...................... 31 315
Shale, fissile, gray and black; contains pyrite and char-

coal L. e 13 328

Shale, fissile, gray to black; contains many fragments of
fossil shells and lesser amounts of charcoal, pyrite,

and hard white sandstone.......................... 5 333
Cheyenne sandstone (Comanchean)
Sandstone, fine-grained to very fine-grained light gray, 8 341
Sandstone, fine-grained to very fine-grained light green-
Ish gray ..o e 11 352
PerMIAN

Redbeds (Undifferentiated)
Siltstone, brick red...........coiiiiiiiiii i 8 360
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89. Sample log of test hole at the NW cor. sec. 21, T. 24 8., R. 16 W. Surface
altitude, 2,092.9 feet.

QUATERN ARY—Pleistocene .
Thickness, Depth,

Meade formation feet feet
Silt, brown, and fine sand.. ...ttt 4 4
Silt, compact, dark gray to black..................... 4 8
Silt, compact, light gray.............cciiiiiiiieenn.. 3 11
Silt, brown; contains fine sand................. ..., 3 14
Sand, very fine to fine..........ccoiiiiiiiiiiiii, 4 18
Silt, light brown; contains fine sand ................ 10 28
Sand, very fine to fine, and light gray to buff silt...... 10 38
Silt, compact, white and buff; contains fragments of

caliche .......iiiiiiiii i e 8 46
Silt, buff and gray; contains fine to coarse sand and fine

gravel ..o e 5 51
Gravel, fine to coarse; contains fine to coarse sand.... 23 74
Gravel, fine to coarse; contains ironstone and buff clay, 7 81
Gravel, fine to coarse; contains sand and gray to buff

silt ........ e e et 9 90
Silt, buff; contains fine sand.......................... 3 93
Gravel, fine to coarse; contains fine to coarse sand and

gray to buff silt....... .. .ol 12 105
Silt, gray and tan; contains a little gravel............ 40 145
Silt, light blue gray........coiviiiiiiiiiiiinninn .. 16 161
Silt, light gray to tan, and fine to coarse sand...... 23 184
Gravel, fine to medium, and fine to coarse sand........ 6 190

Creraceous—Gulfian

Dakota formation
Clay, blue gray to tan; contains brown sandstone and
fragments of ironstone...................oiiiinl... 10 200

90. Sample log of test hole at the SE cor. sec. 29, T. 24 8., R. 16 W. Surface
altitude, 2,0798 feet.

QUATERN ARY—Pleistocene .
Thickness, Depth,

Meade formation feet feet
Silt, brown, and fine sand...........c oot 3 3
Silt, compact, light gray to dark gray................ 4 7
Silt, brown to tan, and very fine to fine sand; con-

tains fragments of caliche.......................... 7 14
Silt, buff to gray; contains fine sand and fragments

of caliche .......coiiiiiiiiiiiiiiii it 11 25
Sand, fine to coarse; contains fine gravel and buff silt, 8 33
Silt, compact, light gray to white.................... 5 38
Silt, buff and gray; contains fine to coarse sand and

a little gravel ... ... e, 5 43

Silt, light gray; contains caliche, fine to coarse sand,
and fine to medium gravel.......................... 7 50
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Thickness, Depth,
feet feet

Gravel, fine to coarse, and fine to coarse sand; contains

a small amount of buff silt........................ 74 124
Gravel, fine, to sand, fine; contains light-gray silt. . .... 4 128
Gravel, fine, to sand, coarse; contains blue-gray silt.. 5 133
Silt, light gray, and fine gravel; contains fine to coarse

SANA L e e e 29 162
Gravel, medium, to sand, fine.................covn.... 5 167

CrETACEOUS—Gulfian
Dakota formation
Clay, varicolored, and ironstone....................... 23 190

91. Sample log of test hole at the SW cor. sec. 6, T. 24 8., R. 17 W. Surface
altitude, 2,1233 feet.
QuATERN ARY—Pleistocene

. Thickness, Depth
Meade formation feet Toet”

Silt, compact, dark gray to black...................... 4 4
Silt, light gray; contains fine gravel.................. 4 8
Silt, soft, brown and gray; contains fine to coarse sand, 3 11
Silt, light gray to buff; contains fine gravel............ 4 15
Sand, fine to coarse; contains fine gravel and gray silt, 23 38
Gravel and sand, fine to coarse...................... 5 43
Silt, light gray and buff................coiiiiii.a.. 4 47
Gravel, fine to medium, and fine to coarse sand; con-

tains buff silt.......... .. 12 59
Gravel and sand, fine to coarse; contains a small amount

of gray and buff silt............... ... .ol 11 70
Silt, compact, tan t0 gray..........iiiiininiinenn.. 13 83
Silt, light gray to white; contains fine to medium gravel

and fragments of caliche.......................... 18 101

Creraceous—Gulfian
Dakota formation
Sandstone, fine-grained, brown and white, and light-gray
clay; contains fragments of ironstone.............. 9 110

92. Sample log of test hole at the NE cor. sec. 18, T. 24 S., R. 18 W. Surface
altitude, 2,128. feet.

QUATERNARY—Pleistocene and Recent

. Thickness, Depth,
Alluvium feet feet
Silt, compact, and fine sand............coviiiiiiia., 3 3
Sand, fine t0 €0arse ...ttt 11 14
Gravel, fine t0 COAISE......vvrrvirivirnniennnrnnns 4 18
Silt, soft, tan and gray.........ccoieiiiiiieiiiinnann. 19 37
Silt, gray, and fine sand............. ..ot 12 49
Silt, blocky, brown; contains caliche.................. 1 50

Silt, brown ...t e 6 56
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Thickness, Depth,

feet feet
Sand, fine, white; contains silt....................... 9 65
Clay, light gray to buff.............................. 3 68
CreTacEOUS—Gulfian
Dakota formation
Clay, varicolored; contains ironstone and brown sand-
11703 o T 3 71

93. Sample log of test hole at the SW cor. sec. 20, T. 24 S., R. 18 W. Surface
altitude, 2,1937 feet.

QuaTERNARY—Pleistocene and Recent R
) Tht!qkness, Depth,
et

Dune sand (Pleistocene and Recent) feet
Sand, fine, and brown silt.............c..ciiiian, 3 3
Sand, fine; contains silt and very fine sand............ 25 28

Meade formation (Pleistocene)

Silt, dark brown............coiiviiii it 6 34

Sand, fine to very fine...........ciiiiiiiiiiiiiiie.. 4 38

Sand, fine to very fine, and silt; brown.............. 18 56

Gravel, medium, to sand, fine........................ 49 105
CreracEOUS—Gulfian

Dakota formation
Clay, gray and buff............... i, 5 110

94. Sample log of test hole at the NE cor. sec. 24; T.24 8., R. 18 W. Surface
altitude, 2,134.2 feet.

UATERNARY—Pleistocene
Q Thickness, Depth,

Meade formation feet feet
Silt, compact, dark gray.........c.oiiiiiiiiiiiiii, 4 4
Silt, light gray and brown; contains a small amount of

fine gravel .......iiiiiiii e 11 15
Sand, very fine to medium, brown.................... 7 23
Sand, very fine to medium; contains a small amount of

fine gravel ... ..ot i e 9 32
Gravel and sand; fine to coarse...........covvivvann.. 18 50
Gravel and sand, fine to coarse; contains a small amount

of gray and buff silt..............oooiiiiiiL, 20 70
Gravel and sand, fine to coarse....................... 15 85
Silt, gray to tan; contains gravel..................... 38 123
Silt, gray and white; contains fine gravel and fragments

of caliche ...... ... i, 8 131

Creraceous—Gulfian

Dakota formation
Sandstone, fine-grained, hard; contains yellow clay.... 9 140
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95. Sample log of test hole at the NE cor. sec. 36, T. 24 8., R. 18 W. Surface
altitude, 2,141.3 feet.

UATERN ARY—Pleistocene
Q’ Thickness, Depth,

Meade formation feet feet
Silt, s0ft, brown............coiiiiiiiiriiiiaiiaa. 3 3
Silt, compact, light gray to brown...................... 4 7
Sand, fine, and red and brown silt.................... 6 13
Silt, soft, gray and brown..................coiian... 4 17
Sand, fine to coarse; contains fine gravel.............. 12 29
Gravel and sand, fine to coarse; contains a small amount

of tan elay ... 32 61
Gravel and sand, fine to coarse; contains buff to yellow

SIb 9 70
Gravel and sand; fine to coarse........................ 9 79
Silt, compact, light gray to white; contains fine to

coarse gravel ................. . ...l e 31 110
Silt, white and tan; contains caliche.................. 5 115
Gravel, medium, to sand, fine; contains white to tan silt, 3 118

CreTACROUS—Gulfian and Comanchean
Dakota formation (Gulfian)

Clay, varicolored ............oviiiiininnennnnnnnnn.. 14 132
Clay, varicolored; contains ironstone................. 44 176
Sandstone, fine-grained, very hard, gray; contains a small

amount of pyrite............oiiiiiiiiiiiiiaa., 2 178
Siltstone, compact, gray; contains fine sand and tan

blocky clay ....... S 18 196
Sandstone, fine-grained, gray...........ccovevuvenn... 22 218

Kiowa shale (Comanchean)

Clay, silty, gray; contains a few fragments of charcoal, 32 250
Clay, silty, gray; contains gray sandstone and many

fragments of pyrite...........coiiiiiiiii 16 266
Shale, dark gray to black; contains gray fine-grained

sandstone and fragments of fossil shells............ 21 287
Shale, dark gray to black; contains a few fragments

of PYIite ..ovvnniii i 23 310
Shale, dark gray to black, and black fissile shale...... 30 340
Shale, dark gray to black; contains fragments of char-

coal and pyrite.... ...t 38 378
Shale, soft, light gray..............ccovviiininunn... 4 382
Shale, dark gray............coiiiiiiiiiii . 18 395

Cheyenne sandstone (Comanchean)

Sandstone, fine-grained, white......................... 20 415
Shale, light greenish gray............................ 6 421
Shale, light greenish gray; contains gray medium-

grained sandstone ............... ... 0 oL, 21 442

Permian

Redbeds (Undifferentiated)
Siltstone and shale; brick red........................ 8 450
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96. Sample log of test hole at the SW cor. sec. 9, T. 24 S, R. 19 W. Surface
altitude, 2,1849 feet.

Thickness, Depth,
feet feet

Road fill ..ooeinii i e e 2 2
QUATERNARY—Pleistocene
Terrace deposits

Silt, yellow gray, contains a few nodules of caliche.... 1 3
Silt, light brown.........ooeiiiiiiieneieenninnnenns 2 5
Silt, buff; contains fine to coarse sand and nodules of

caliche ...ooviiiiiiii it e e 44 49
CreTACEOUS—Gulfian
Dakota formation

Sandstone, white; contains light blue-gray clay........ 11 60

Sandstone, brown ............oiiiiiiiiiiii e 3 63

97. Sample log of test hole at the NW cor. sec. 28, T. 24 S, R. 19 W. Surface
altitude, 2,165 feet.
Thifckness, Depth,

eet feet
Soil, silty, dark gray to black......................... 3 3
QUATERNARY—Pleistocene and Recent
Alluvium
Silt, dark brown; contains fine sand................... 4 7
Gravel and sand, fine to coarse................... oo 1 18
Creraceous—QGulfian
Dakota formation ‘
Clay, buff and light blue gray........................ .2 20

98. Sample lbg of test hole at the NW cor. sec. 3, T. 24 8., R. 20 W. Surface
altitude, 2,289.4 feet.
Thickness, Depth,

feet feet
Road fill ... . 2 2
QUATERNARY—Pleistocene
Terrace deposits
Silt, gray brown............cciiiiiiiiiiiiie, 2 4
Silt, greenish gray.........coveiviiiiiiiiiiiiiinin. 3 7
Silt, blocky, brown.............oiiiiiiii i 5 12
Silt and clay, tan to buff; contains caliche and fine to
coarse SANd ...t e 20 32
Silt and clay, gray white; contains sand and many frag-
ments of limestone.............cooviiiiiiiiia... 1 33
CreTACEOUS—Gulfian

Greenhorn and Graneros formations (?)
Shale, caleareous, yellow to gray; contains blue-white
bentonite. Thin beds of limestone at depths of 33.5
and 39 feet. ...ttt 8 41
Shale, noncalcareous, light blue gray; contains fine
brown sandstone and white bentonite.............. 9 50
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99. Sample log of test hole at the NW cor. sec. 15, T. 24 S, R.20 W. Surface
altitude, 2,260.4 feet.
Thickness, Depth,

feet feet
Road fill ..o 1.5 = 1.5
QUATERNARY—Pleistocene
Terrace deposits
Silt, light brown, and blocky brown silt............ 35 5
Silt and clay, buff; contains nodules of caliche, fine
gravel, and fine sand.................. e 54 59
CreTACEOUS—Gulfian
Dakota formation
Clay, yellow, and ironstone........................... 1 60
Clay, light blue gray............oooviuervnunen ., 7 67
Clay, varicolored ...............ccoivieeniininnenn... 3 70
Clay, varicolored; contains fine-grained sandstone..... 15 85

100. Sample log of test hole at the NW cor. sec. 84, T. 24 S, R.20W. Surface
altitude, 2,256 feet.

UATERNARY—Pleistocene .
Q Thickness, Depth,

Terrace deposits feet feet
Silt, gray brown..............cooiiiiii 4 4
Silt, greenish gray to yellow gray..................... 4 8
Silt, blocky, brown............oovieuiiiinnii, 3 11
Silt and clay, light brown to buff; contains a few

nodules of caliche.......................ccovu.... 64 75
Silt, light brown; contains fine to coarse sand.......... 8 83
Sand and gravel; hard, cemented with calcium car-

bonate ..o 3 86
Clay, light gray to light brown; contains fine to coarse

SANd . e 4 90
Silt and clay, in part cemented, light brown and white

contains fine sand to medium gravel............... 12 102
Sand, fine, to gravel, medium......................... 8 110
Silt, light brown; contains caliche.................... 9 119
Gravel, medium, to sand, fine..... et 4 123
Silt, light buff................ i 3 126
Gravel, medium, to sand, medium.................... 8 134

Creraceous—Gulfian
Dakota formation
Clay, micaceous, light gray and yellow, interbedded
with white fine-grained sandstone.................. 4 138
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101. Sample log of test hole at the SW cor. sec. 4, T. 25 S., R. 16 W. Surface
altitude, 2,080.4 feet.

UATERNARY—Pleistocene
Q Thickness, Depth,

Meade formation feet feet
Silt, brown; contains fine to very fine sand............ 3 3
Silt, compact, light gray; contains fragments of caliche, 3 6
Silt, brown and gray; contains caliche.................. 4 10
Silt, compact, tan t0 gray........cevevieeiinieeninnnt 14 24
Sand, very fine to fine. ..ot 4 28
Silt, White ...ttt 2 30
Sand, very fine to fine...............oiiiiiiiiin, 11 41
Sand, fine, to gravel, fine; contains a small amount of

gray silt ... e 4 45
Gravel and sand; fine to coarse.........c.c.oevvvennn.. 5 50
Sand, very fine to medium............. ...l 10 60
Sand and gravel, fine to coarse; contains gray and

buff silt ..o e 20 80
Silt, dark blue gray; contains fine to coarse gravel.... 8 88
No sample recovered (probably sand)................ 10 98
Silt, tan and white; contains fine sand, fine gravel,

and caliche ...........coiiiiiiiiiii i 38 136
Gravel, fine; contains light gray-green clay....... ... 5 141
Silt, compact, dark tan............ ... ..o, 17 158
Gravel, coarse. Consists of materials derived from the

Dakota formation ................c.ciiiiiiia.., 8 166

Creraceous—QGulfian
Dakota formation
Clay, light gray and buff............................. 4 170

102. Sample log of test hole at the NE cor. sec. 20, T. 25 8., R. 16 W. Surface
altitude, 2,074.2 feet.

QUATERNARY—Pleistocene .
Thickness, Depth,

Meade formation feet feet
Silt, compact, gray, and fine sand.................... 3 3
Silt, brown, and fine sand...............ciiiena... 3 6
Silt, gray to white and tan; contains a few nodules

of caliche .........c it 16 22
Silt, gray and tan; contains very fine to fine sand.... 4 27
Silt, light gray to buff; contains caliche.............. 4 31
Gravel and sand; fine to coarse...................... 29 60
Silt, gray, tan, and yellow; contains caliche.......... 20 80
Gravel, medium, to sand, fine.......................... 33 113
Silt, compact, varicolored.....................i.... 5 118
Gravel, medium, to sand, fine........................ 14 132
Silt, compact, dark tan............. .. ..., 12 144

11—4221
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Thickness, Depth,
feet feet
Gravel, fine to coarse. Pebbles consist of caliche and of

materials from the Dakota formation.............. 7 151
CreTACEOUS—Gulfian
Dakota formation

Clay, varicolored ............civvieeeeuninnnnnninns. 9 160

103. Sample log of test hole at the SE cor. sec. 29, T. 25 8., R. 16 W. Surface
altitude, 2,073.8 feet.

QUATERNARY—Pleistocene

Meade formation Thz;fezess’ D%gz ’
Silt, brown, and very fine to fine sand................ 5 5
Sand, very fine to coarse..........oeverinenininen... 18 23
Sand, very fine to medium; contains a small amount

of brown silt .......... ... 17 40
Gravel, medium, to sand, fine........................ 22 62
Silt, tan and gray; contains caliche.................. 11 73
Gravel, fine, to sand, fine.................covuvnn... 20 93
Silt, gray; contains caliche........................... 12 105
Sand, fine to coarse..........c.iiiiiiiiiiiiiiia. 10 115
Gravel, and sand, fine to coarse........................ 57 172

Creraceous—Comanchean

Kiowa shale
Clay, light gray......ccoiiiiiiiiiiiiiiiiienennn.s 9 181
Clay, light gray to dark gray, and fine-grained sand-

stone; contains fragments of fossil shells............ 9 190

104. Sample log of test hole at the NW cor. sec. 5, T. 25 8., R. 18 W. Surface
altitude, 2,171.1 feet.
QUATERNARY—Pleistocene

. Thickness, Depth,
Meade formation eet

feet

Silt, brown, and fine sand........... ..ol -5 5

Silt, gray; contains fine gravel..............ccouu.... 4 9

Silt, gray; contains fine sand and fine gravel.......... 15 24

Gravel, fine, to sand, fine..........c.ooiviniiinen.. 8 32

Gravel, coarse, to sand, medium...................... 18 50

Gravel, medium, to sand, fine; in part cemented; con-

tains a small amount of yellow and buff silt........ 23 73

Silt, gray and tan; contains caliche................... 25 98
CrETACEOUS—QGulfian
Dakota formation -

Sandstone, fine-grained, hard, brown, and ironstone.... 2 100

Clay, yellow and light gray, and ironstone............ 20 120
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105. Sample log of test hole at the NE cor. sec. 12, T. 25 8., R. 18 W. Surface
altitude, 2,1442 feet.

'UATERNARY—Pleistocene
Q Thickness, Depth,

Meade formation feet feet
Silt, drak gray.......coooiiviiiiiiiiiiii e 3 3
Silt, blocky, hard, light gray.......................... 3 6
Sand, fine t0 coArse.....oiiiiiiiiii i 5 1
Sand, very fine to medium, brown.................... 14 25
Sand, fine to coarse; contains tan and gray silt........ 6 31
Gravel and sand; fine to coarse...................... 24 55
Gravel, coarse to fine; contains thin layers of yellow

and gray clay and cemented sand.................. 38 93
Gravel, medium, to sand, fine; in part cemented; con- ‘
tains gray Silt.....ooiiiiiiiiiiiiiii i, 6 99

Creraceous—QGulfian
Dakota formation
Clay, varicolored; contains fine-grained hard yellow and
white sandstone .......... ... il 11 110

106. Sample log of test hole at the SE cor. sec. 13, T. 25 8., R. 18 W. Surface
altitude, 2,166.8 feet.

ATERNARY—Pleistocen
QU TERNAR Pleisto € Thickness, Depth,

Meade formation feet feet
Sand, fine to very fine, and brown silt................ 11 11
Silt, soft, Brown....cvvievir it 14 25
Sand, very fine to medium, light brown.............. 7 32
Sand, very fine to medium, light brown ; contains brown

51 L 13 45
Silt, gray; contains fragments of caliche and a small

amount of fine gravel............... ...l 3 48
Sand, fine, to gravel, fine..........ccoviiiiiiiiiian, 17 65
Gravel and sand, fine to coarse...........oovveeenennn. 7 72
Sand, fine to coarse; contains a small amount of fine to

coarse gravel and gray silt...............vviinnn. 18 90
Gravel, coarse to fine, and coarse sand................ 10 100
Sand, fine, to gravel, fine.........c.cviiiiiiiiiiiinn.. 36 136
Gravel and sand, fine to coarse..............c....... 6 142
Sand and gravel, fine to coarse; contains fragments of

caliche, gray silt, and ironstone..................... 22 164
Silt, tan and gray.........c.oiiiiiiiiiii i 21 185

CrETACEOUS—QGulfian

Dakota formation
Clay, varicolored ; contains fragments of buff fine-grained
sandstone and ironstone............................ 5 190



164 Geological Survey of Kansas

107. Sample log of test hole at the NW cor. sec. 17, T. 26 8., R. 18 W. Surface
altitude, 2,187.7 feet.

QUATERN ARY—Pleistocene

Meade formation Tht)fekeréess’ D%:Zz ’
Silt, brown, and fine sand..................iiiuen... 5 5
Silt, compact, brown.............coiiiii .. 8 13
Silt, red brown and gray; contains fine sand.......... 4 17
Sand, fire to very fine.......oouieinini 18 35
Gravel and sand, fine to coarse...................... 35 ° 70
Gravel, fine to coarse; contains a little sand........... 24 94
Silt, white and light gray; contains caliche............. 21 115
Gravel, fine to coarse; contains a little sand.......... 9 124
Silt, gray and tan; contains a small amount of fine

BraVel . e e e 16 140
Gravel, fine to coarse. Pebbles consist of sandstone and
ironstone derived from the Dakota formation....... 13 153

CreTACEOUS—QGulfian
Dakota formation

Clay, varicolored ..........cveiiivneenennnenennnnnsn 7 160

108. Sample log of test hole at the SE cor. sec. 25, T. 256 S, R. 18 W. Surface
altitude, 2,142.5 feet.

A’ ARY—Plei
QUuATERNARY—Pleistocene Thickness, Depth,

Meade formation feet feet
Silt, brown, and fine sand...........coiiiiiiiieninnn 5 5
Silt, gray, contains fine to coarse gravel, and fine sand, 4 9
Silt, light gray; contains caliche and medium gravel.. 6 15
Gravel and sand, fine to coarse............c..o.ueunns 30 45
Gravel and sand, fine to coarse; contains a little buff

SIIb ot e 32 7
Silt, light gray to white; contains caliche.............. 21 98
Gravel, fine, to sand, fine............................ 5 103
Silt, gray and tan, contains caliche and fine to coarse

o3 Y 20 123
Gravel, fine, to sand, fine...............coiiiiiin... 5 128
Silt, gray; contains caliche........................... 9 137
Sand, fine t0 COASE.....vvttiireei et naenn, 14 151
Silt, gray; contains fragments of caliche and a small

amount of fine gravel............cooviiiiiina... 11 162
Silt, tan and buff; contains fine gravel.................. 3 165

CreTACEOUS—Gulfian
Dakota formation
Clay, varicolored; contains ironstone.................. 5 170
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109. Sample log of test hole at the NE cor. sec. 30, T. 25 8., R. 18 W. Surface
altitude, 2,180.0 feet.

UATERN ARY—Pleistocene
Q Thickness, Depth,

Meade formation feet feet
Silt, dark brown ......... .., 6 6
Silt, gray to light gray........cccovvieiiiiiinnan.n. 9.5 15.5
Sand and gravel, fine to coarse............ovviiiaia.n. 32.5 48
Silt, gray and buff......... ... ... i 3 51
Gravel and sand, fine to coarse..............covuua. 17 68
Silt, gray and tan, and fine sand...................... 5 73
Gravel, medium, to sand, fine........................ 31 104
Silt, sandy, tan........ .. i 11 115
Gravel, fine to coarse; contains caliche and gray and

white silb ... 21 136

Cretaceous—QGulfian
Dakota formation )
Clay, buff and gray; contains fine-grained buff to white
sandstone . ... 4 140

110. Sample log of test hole in the NWY% NE%Y% sec. 4, T. 25 S, R. 19 W. Sur-
face altitude, 2,169.5 feet.

UATERNARY—Pleistocene and Recent
Q Thickness, Depth,

Alluvium feet feet
Silt, dark brown, and fine sand....................... 1 1
Sand, fine, brown........... .ot 3 4
Gravel, fine to coarse; contains a small amount of sand, 18 22
Gravel, fine to medium; contains much sand.......... 6 28

Creraceous—GQGulfian

Dakota formation
Sandstone, fine-grained, tan, white, and brown........ 4 32
Sandstone, fine-grained, soft, light gray............... 3 35
Sandstone, fine-grained, brownish yellow to gray; con-

tains ironstone and yellow elay..................... 3 38

111. Sample log of test hole in the SWY% SW%% sec. 10, T. 25 S, R. 19 W. Sur-
face altitude, 2,181.7 feet.

UATERN ARY—Pleistocene and Recent
Q : Thickness, Depth,

Alluvium feet feet
Sand, fine to coarse, brown; contains silt.............. 2 2
Gravel, medium; contains much sand................. 11 13
Gravel, coarse to fine; contains a little sand.......... 6 19
Gravel, coarse; contains yellow-brown clay.......... 3 22
Gravel, medium, to sand, fine........................ 20 42
Gravel, medium to fine; contains gray to brown clay.. 4 46
Sand, fine, light gray..........c.ooiiiiiiiiii i, 4 50
Silt, clayey, brown to gray; contains medium to coarse

gravel ... e 11 61

Silt, clayey, gray. . .oovir it i e 33 94
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Thickness,
eet
Sand, fine to coarse; contains a small amount of gray-
green silty clay........o.oiiiiiii i, 21
Gravel, medium, to sand, fine.......................... 20

CreTACEOUS—Gulfian
Dakota formation
Clay, dark gray; contains fragments of charcoal and
IFONSEONE . ivvv et e 10

Depth,
feet

115
135

145

112. Sample log of test hole in the NWY% NWY sec. 26, T. 25 S., R. 19 W.

Surface altitude, 2,1986 feet.
QuaTERNARY—Pleistocene and Recent

Dune sand Th'fc;c;;ess’
Sand, fine to coarse, and brown silt.................. 7
Sand, fine to coarse; contains fine gravel.............. 15
Gravel, fine to coarse; contains a little sand.......... 6
Silt, yellow brown and gray..............ccovuvnn... 3
Gravel, fine to coarse; contains a little sand.......... 5
Gravel, fine to coarse; contains buff to white silt...... 7
Silt, gray and buff .......... ... ... . 5
Gravel, fine to €oarse.........ooiviiniiinnnennnnnnn.. 27
Gravel, fine to coarse; contains fine sand and buff to

gray silt ..o 20
Silt, gray and buff; contains fine to coarse sand...... 8
CreTACEOUS—GUulfian

Dakota formation
Sandstone, brown and yellow, and ironstone.......... 3
Clay, blue gray and yellow.............c.oovvuui .. 4

Depth,
feet

7
22
28
31
36
43
48
75

95
103

106
110

113. Sample log of test hole in the SWY% SW sec. 85, T. 25 S, R. 19 W.

Surface altitude, 2,214.3 feet.

QUATERNARY—Pleistocene

. Thick: .,

Meade formation l;ee?m
Silt, brown, and fine sand...........ccciiiiiiiinn.. 2
Silt, dark gray...........coiiiiiiiiiiiiiii 5

Silt, gray; contains a small amount of coarse gravel, 6
Silt, dark brown, and fine sand; in part consolidated.. 10

Gravel, fine to coarse, and yellow and buff silt........ 8
Gravel, coarse, to sand, medium; contains thin layers

of buff silt.....cooiiiiiiiiii 36
Gravel, fine to coarse..........vvivienvninninnn... 24
Gravel, fine to coarse; contains a little sand.......... 15
Gravel, fine to coarse; contains gray and buff silt.... 27
Gravel, fine; containg a small amount of silt.......... 2

Creraceous—Gulfian
Dakota formation
Siltstone, tan and white; contains a small amount of
brown sandstone ........... ..., 6
Clay, varicolored; contains ironstone and brown sand-
SEOME L. e e 4

Depth,
feet

2
7
13
23
31

67
91
106
133
135

141

145
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114. Sample log of test hole at the SW cor. sec. 3, T. 25 S., R. 20 W. Surface
altitude, 2,236.; feet.
Thickness, Depth,

feet feet
Soil, dark brown t0 gray.......cevvieiiiiiieiinaennnn 2.5 2.5
QUATERNARY—Pleistocene
Terrace deposits
Silt, dull greenish gray.............c.coviiiiiiiin, 3.5 6
Silt, blocky, brown.........cooiiiiiiiiiiiaiiiiiana... 2 8
Silt and clay, light brown to buff; contains a few nodules
of caliche ........ciiiiiiiiiiiiiiiiiiiiiiiiii 67 75
Sand, medium to fine; contains light-gray to buff silt.. 5 80
Sand, coarse to fine; contains fine gravel.............. 10 90
Gravel, medium, to sand, fine; contains caliche and gray-
green to light-buff silt and eclay.................... 10 100
Gravel, fine to medium; contains sand................ 8 108
Creraceous—Gulfian
Dakota formation .
Sandstone, medium-grained, white to yellow brown.... 6 114

115. Sample log of test hole at the NE cor. sec. 21, T. 25 S.,, R. 20 W. Surface
altitude, 2,254.1 feet.

Thickness, Depth,
feet feet

SOOI, BraAY . eevti e i i i i 1 1
QuaTERN ARY—Pleistocene
Terrace deposits

Silt, dull greenish gray...........c..cooiiiiiiiiiian, 3 4
Silt, blocky, brown .........coooiiiiiiiiiiiiiii 3 7
Silt and clay, buff; contains nodules of caliche........ 31 38
Gravel, fine to coarse; contains sand and gray silt.... 1 39
Sand, fine to coarse, light buff; cemented with calcium

Carbonate . ...ttt i 1 40
Caliche, yellow to white; contains fine to coarse sand.. 1 41

CreracEoUs—Gulfian
Dakota formation
Clay, light blue gray and yellow...................... 4 45

116. Sample log of test hole at the SE cor. sec. 28, T. 25 S, R. 20 W. Surface
altitude, 2,222.5 feet.
Thickness, Depth,

feet feet
Road fill oottt 2 2
QuaTERN ARY—Pleistocene and Recent
Alluvium

Silt, yellow gray, and fine to medium sand........... 5 7

Silt, buff; contains fine to coarse sand.................. 4 11
Sand, fine to coarse, and dark gray silt; contains fine

to coarse gravel .........ciiiiiiiiiiiiiiiiiiiiea 9 20

Silt, dark gray, and sand, fine to medium............. 3 23
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Thickness,
eet
Gravel, fine to coarse; contains a small amount of sand, 5.5
Creraceous—Gulfian
Dakota formation
Clay, light gray and yellow, interbedded with fine- to
medium-grained, yellow-brown sandstone .......... 1.5

Depth,
feet

28.5

30

117. Sample log of test hole at the NW cor. sec. 8 T. 2 8,R.16 W. Surface

altitude, 2,091.1 feet.

QUATERN ARY—Pleistocene

Meade formation Thzfcéce’;ess’
Sand, very fine to fine, brown, and silt................ 3
Silt, reddish brown, and fine sand.................... 3
Gravel and sand, fine to coarse; contains a small amount

of gray silt ....ooieii i 4
Gravel and sand, fine to coarse....................... 15
Sand, fine to coarse............oiiiriinr 13
Gravel, coarse to fine; contains a small amount of sand, 43
Silt, buff to gray; contains fine sand and a little

caliche ... 5
Gravel, fine to coarse; contains a little sand.......... 31
Gravel, fine to coarse; contains sand and gray to white

SIb 21
Gravel and sand, fine to coarse........................ 68

Creraceous—Comanchean

Kiowa shale
Clay, light gray to buff; contains hard brown to tan fine-

grained sandstone and fragments of fossil shells.... 14

Depth,
feet
9
9

6

10
25
38
81

86
117

138
206

220

118. Sample log of test hole at the NE cor. sec. 19, T. 26 S., R. 16 W. Surface

QUATERNARY—Pleistocene and Recent

Dune sand (Pleistocene and Recent) Th’?fe’im’
Sand, very fine to fine, and brown silt................ 2
Sand, fine to medium; contains coarse sand; tan...... 8

Meade formation (Pleistocene)

Sand, fine to coarse; contains gray silt and fine gravel, 9
Silt, gray and buff; contains a little sand and gravel, 7
Gravel and sand, fine to coarse...................... 14
Gravel and sand, fine to coarse; contains buff silt.... 20
Gravel and sand, fine to coarse....................... 20
Gravel and sand, fine to coarse; contains a small amount

of buff silt...... ..., 26
Silt, tan and gray; contains caliche.................... 8
Gravel, medium, to sand, fine........................ 9
Silt, tan and gray; contains caliche.................. 6
Gravel, medium, to sand, fine; contains a small amount

of gray silt......ooi i 56
Gravel, coarse; contains fine sand, fine to medium

gravel, and gray silt........... ..o i, 25

alittude, 2,077.8 feet.

Depth,
feet

2
10

19
26
40
60
80

106
114
123
129
185

210
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Thickness, Depth,
eet feet
Gravel and sand, fine to coarse. Pebbles consist of iron-
stone and sandstone derived from the Dakota forma-
17 1e) 1 12 222
CreracEous—Comanchean
Kiowa shale
Shale, blue gray, and fissile, black shale; contains iron-
stone and fragments of fossil shells.................. 8 230

119. Sample log of test hole at the NE cor. sec. 31, T. 26 S., R. 16 W. Surface
altitude, 2,091.0 feet.

QUATERNARY—Pleistocene and Recent

Dune sand (Pleistocene and Recent) Thlfcécezm’ Df’ﬁé? ’
Sand, very fine to medium; contains silt.............. 11 11
Sand, fine to coarse; contains gray silt................ 8 19

Meade formation (Pleistocene)

Silt, White . ..oviie it ittt e 2 21
Sand, fine; contains gray silt..................c..o.n. 7 28
Sand, fine to coarse; contains fine gravel.............. 27 55
Gravel, fine, to sand, fine..............oooiieiiiia.. 5 60
Gravel and sand, fine to coarse; contains a little yellow

1531 T 32 92
Silt, gray and buff; contains caliche and fine to coarse

7Y 1o L 13 105
Gravel, medium, to sand, fine........................ 40 145
Sand, very fine, to gravel, coarse...................... 95 240
Sand, coarse to fine; contains a small amount of fine

gravel ... e e 20 260
Gravel, fine to coarse. Many fragments consist of sand-

stoneandshale ........cooiiiiiiiiiii i 28 288

CreTAcEOUS—Comanchean
Kiowa shale
Clay, silty, buff; contains buff hard fine-grained sand-

stone and fragments of fossil shells................ 6 294
Shale, compact, gray; contains fragments of fossil

shells .o e e 9 303
Sandstone, fine-grained, hard, gray; contains a little

pyrite and shale........... ..o i, 7 310
Shale, fissile, blue gray; contains fragments of fossil

shells ..ot 31 341
Sandstone, fine-grained, hard, gray to light gray; con-

tains a little pyrite and shale...................... 7 348

Cheyenne sandstone
Sandstone, fine- to medium-grained, white and light-

gray; contains a few fragments of charcoal......... 28 376
PerMIAN
Redbeds (Undifferentiated)
Shale, silty, compact, greenish gray................... 9 385

Shale, brick red and greenish gray.................... 5 390



170

Geological Survey of Kansas

120. Sample log of test hole at the NW cor. sec. 19, T. 26 8., R. 17 W. Surface

altitude, 2,146.7 feet.

QUATERNARY—Pleistocene

Meade formation Th%ceréess’
Silt, brown, and fine sand............cciiiiiiiinnn. 3
Silt, compact, dark gray to light gray.................. 6
Silt, gray and buff.................ciiiiiii 7
Gravel, coarse, to sand, fine.......................... 5
Gravel, fine to coarse, and buff and gray silt.......... 26
Gravel, fine to coarse; contains fine sand.............. 20
Silt, light gray to white; contains fine sand.......... 8
Gravel, fine, to sand, fine...................covinn... 34
Silt, white to gray; contains fine to coarse sand...... 11
Sand, fine t0 coarse.........c.viuiiiiiii e 9
Gravel, fine, tosand, fine.............coovviiniinnnn.. 31
Gravel, fine to coarse, and gray silt.................. 18
Sand, fine to coarse; contains fine gravel............. 14
Silt, gray and buff; contains caliche............ e 23

Creraceous—Comanchean
Kiowa shale

Shale, dark blue gray; contains a few fragments of char-
coal and hard fine-grained sandstone............... 5

Depth,
feet

3

9
16
21
47
67
75
109
120
129
160
178
192
215

220

121. Sample log of test hole at the NW cor. sec. 31, T. 26 8., R. 17 W. Surface

QuATERNARY—Pleistocene and Recent

Dune sand (Pleistocene and Recent) Thlfc:e:ess’
Sand, fine, brown; contains a little silt................ 2
Sand, fine, and dark brown silt........................ 3

Meade formation (Pleistocene)

Silt, compact, Eray......c.oeevieiirinriiiniiininnenn. 9
Silt, sandy, light gray...........c.ooviiiiiiiinin... 4
Silt, tan and buff.............. ... ... ... i, 9
Sand, fine to very fine; contains gray-green silt and
fine gravel ......cviiiiiii 18
Gravel, coarse, to sand, fine.......................... 4
Gravel, medium to fine; contains gray silt............ 4
Gravel, coarse, to sand, fine.......................... 5
Sand, coarse to very fine; contains fine gravel........ 17
Gravel, fine to coarse; contains fine sand and gray
and tan silt.. ..o e 35

altitude, 2,153.9 feet.

Gravel, fine to coarse; contains caliche and white silt, 4
Gravel, fine to coarse; contains fine sand and a little

white and gray silt............ ..o, 58
Silt, sandy, buff and gray................coiii.... 5
Gravel, coarse, to sand, fine...................oou... 15
Silt, gray «v.eviiiiiii i e e e 12

Gravel, fine to coarse; contains a little caliche........ 4

Depth,
feet

2
5

14
18
27

45
49
53
58
75

110
114

172
177
192
204
208
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CrerAcEOUsS—Comanchean .
Thickness, Depth,

Kiowa shale feet feet
Sandstone, fine-grained, hard, buff and reddish brown;

contains varicolored clay..........c.coviiiinin... 10 218
Clay, dark gray; contains gray and reddish-brown fine-

grained sandstone .............ciiiiiiiiiiiiieinn., 12 230

122. Sample log of test hole at the SE cor. sec. 1, T. 26 8., R. 18 W. Surface
altitude, 2,144.2 feet.

— e.
QuateErNARY—Pleistocene Thickness,  Depth,

Meade formation feet feet
Silt, brown, and fine sand..........c.ooiiiiiiiiiint, 4 4
Silt, compact, gray ; contains fine gravel................ 4 8
Silt, yellow brown.........cooiiiiiiiiiiiiiieeianannn. 4 12
Gravel and sand, fine to coarse; contains a little buff

SIE vt e e e 15 27
Silt, buff; contains a little fine sand and gravel........ 7 34
Silt, white and gray; contains a little fine sand and

gravel L. it 4 38
Gravel and sand, fine to coarse...............ccu..... 4 42
Gravel and sand, fine to coarse; contains a little buff

and gray silt.. ..o e 25 67
Silt, buff; contains fine to coarse gravel.............. 21 88
Silt, light gray to buff; contains caliche and fine sand, 9 97
Gravel and sand, fine to coarse....................... 15 112
Silt, gray and white; contains fine gravel............ 3 115
Gravel, fine, to sand, fine............................ 25 140
Silt, gray and buff; contains a little caliche and fine

gravel L. i e et 11 151
Gravel, fine, to sand, fine; contains gray silt.......... 19 170

Gravel, fine, and fine to coarse sand. Many fragments
consist of materials derived from the Dakota for-

MAtION .ttt e 17 187
Silt, gray to white; contains caliche.................... 19 206
Sand, fine to coarse, and fine gravel.................. 14 220

Gravel and sand, fine to coarse. Pebbles consist prin-
cipally of materials derived from the Dakota for-
MAtion ...t e 6 226
Creraceous—Comanchean
Kiowa shale
Clay, dark blue gray to light gray; contains hard gray
fine-grained sandstone and fragments of fossil shells, 9 235
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123. Sample log of test hole at the NW cor. sec. 5, T. 26 8., R. 18 W. Surface

altitude, 2,188.1 feet.

QUATERNARY—Pleistocene

Meade formation Thlfcezce?ess’
Silt, brown, and fine sand.............coiiiiiiiain.. 6
Silt, compact, dark gray............c.oiiiiiiiia.L. 6
Silt, light gray and reddish brown.................... 7
Silt, light gray and brown............covvveiniinn.n.. 6
Sand, fine to coarse; contains fine gravel near the base, 20
Gravel and sand; fine to coarse........................ 34
Caliche, moderately hard, white...................... 1
Sand and gravel; fine to coarse................oon.. 14
Silt, tan and white; contains caliche.................. 29
Sand, fine, to gravel, fine; contains caliche............ 6
Silt, tan and gray.......... ..o, 16
Sand, fine, to gravel, fine..............cooiiiiiiiat, 11
Silt, tan; contains a little sand and gravel............ 7
Silt, tan to white and buff; contains fine gravel and

caliche ........iiiiiiiiii i 9

CreracEOUS—Gulfian
Dakota formation

Sandstone, fine-grained, buff, and varicolored clay;
containg Ironstone ..........eeveeeineneeiinenn.n.. 9

Depth,
feet

6
12
19
25
45
79
80
94

123
129
145
156
163

172

181

124. Sample log of test hole at the NW cor. sec. 17, T. 26 S., R. 18 W. Surface

Thickness,
feet
Road fill ...t 3
QUATERNARY—Pleistocene
Meade formation
Silt, brown and gray............coiiiii i, 5
Silt, gray and light gray.............................. 4
Silt, brown; contains a little sand.................... 2
Sand, fine, to gravel, fine.............ooiiiii ., 6
Gravel and sand, fine to coarse; contains a little buff
clayey silt ... 30
Gravel and sand, fine to coarse...................... 10
Gravel, fine to coarse; contains light-gray and tan silt, 17
Silt, tan ..o 4
Silt, white to light gray and tan; contains caliche...... 30
Sand, fine, to gravel, fine; contains a small amount
of buff elay. ...t 8
Silt, tan, and fine to medium sand.................... 7
Sand, fine, to gravel, fine.................. ...l 14
Silt, gray .ot 3

altitude, 2,193.6 feet.

Sand, fine t0 COATSE. ..ot iitvii i e 7

Depth.
feet

3

12
14
20

50
60
”
81
111

119
126
140
143
150
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Thickness Depth,

feet Jeet

Silt, gray green ... 3 153

Sand, fine, to gravel, fine...............ccovvinenn... 7 160

Silt, tan to brown................cciiiiiiii... 11 171
CrETACEOUS—Gulfian
Dakota formation

Clay, light gray and yellow; contains a few fragments of
ironstone and white medium-grained sandstone.... 4 175

125. Sample log of test hole at the NW cor. sec. 29, T. 26 S., R. 18 W. Surface
altitude, 2,194 feet.

QUATERNARY—Pleistocene

Meade formation Thtfcg;ess’ D?gé:z !
Silt, dark gray to black...........coviiiiiiiii., 3 3
Silt, gray to light gray.............ccoooiiiiiii.. 2 5
Silt, gray and brown, and fine sand.................. 2 7
Silt, brown, and fine sand...................coo.aL.. 2 9
Gravel, medium, to sand, fine........................ 11 20
Gravel, fine to coarse; contains a little sand and buff

Sl o 11 31
Gravel, fine to coarse; contains a little sand, buff and

white silt, and nodules of caliche.................. 8 39
Gravel and sand, fine to coarse.............covuvnen.... 11 50
Gravel and sand, fine to coarse; contains a little buff silt, 19 69
Silt, gray and white .......... ... .. i, 6 75
Silt, brown, gray and white.......................... 18 93
Sand, fine, to gravel, fine; contains a little buff silt.... 125 105.5
Silt, brown and gray............c.iiiiiiiiiiinenn.. 8.5 114
Sand, fine, to gravel, fine; contains reddish-brown silt, 8 122
Gravel, coarse; contains a little silt.................. 4 126
Silt, gray and brown............coviiiiinininnn... 6 132
Silt, gray and white, and caliche..................... 14 146
Sand, fine, to gravel, fine...................oo.... 11 157
Silt, gray and tan......... ... il 18 175
Silt, tan ot e e 16 191
Silt, tan, and fine to medium sand.................... 14 205
Sand, fine to coarse, and fine gravel.................. 11 216
Gravel, fine to coarse. Pebbles consist mainly of ma-

terials derived from the Dakota formation.......... 4 220

CreTACEOUS—Gulfian

Dakota formation
Clay, dark blue gray; contains ironstone.............. 7 227
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126. Sample log of test hole at the NE cor. NW%% sec. 15, T. 26 S., R. 19 W.

Surface altitude, 2,2182 feet.
QUATERN ARY—Pleistocene

Meade formation Thlfgfe';m’
Silt, brown ...t e 4
Silt, dark gray. ... i 3
Silt, brown, and medium sand........................ 5
Silt, light brown, and fine to coarse sand.............. 13
Gravel, fine to coarse; contains sand.................. 27
Gravel, coarse to medium; contains gray and buff silt, 10
Gravel, fine to coarse; contains a little buff silt........ 21
Sand, fine to coarse, in part cemented................. 8
Gravel, fine to coarse; contains a little sand and buff

S e 14
Silt, gray and white .......... ... ol 13
Silt, gray and white; contains several thin layers of

caliche ..... .ot e 14
Silt, gray and white............ ... i 7
Sand, very fine, to gravel, fine........................ 22
Silt, tan and gray; contains a little caliche........... 18

CreTtacEOUS—Gulfian

Dakota formation
Clay, varicolored, and ironstone.................c..... 3
Clay, gray and buff; contains ironstone and soft white

fine-grained sandstone ................iieiiiein.n. 8

Depth,
feet

4

7
12
25
52
62
83
91

105
118

132
139

161
179

182

190

127. Sample log of test hole at the SW cor. sec. 16, T. 26 S., R. 19 W. Surface

altitude, 2,237.7 feet.
QUATERNARY—Pleistocene

Meade formation Thtféce';m’
Sand, fine, and brown silt...............cociiiil., 5
Silt, Brown ....cceiiiiiii i i i e 3
Silt, dark gray......ocooviiiiiiiiiii it P 4
Silt, Bray ottt it it et 3
Silt, light gray to brown and red.................... 4
Gravel, fine to coarse; contains a little sand.......... 30
Silt, yellowish buff....... ... . .. oot 2
Silt, gray and buff.. ... ... o i 4
Gravel, fine, to sand, fine...........cccooeiiiinaann.. 27
Gravel, fine to Coarse........covviiiviinriennanannns 15
Gravel, coarse, to sand, fine; contains gray silt....... 15
Silt, gray and white; contains a few fragments of caliche, 14
Sand, fine to medium.........coviuriiiiniriiiieenn. 16
Silt, gray and white; contains a few fragments of caliche, 13
Gravel, fine; contains sand and gray silt.............. 10

Creraceous—Gulfian

Dakota formation

Clay, varicolored ..........cviiiiiireneneerennnanns 7

Depth,
feet

5

8
15
18
22
52
54
58
85
100
115
129
145
158
168

175
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128. Sample log of test hole at the SE cor. sec. 29, T. 26 8., R. 19 W. Surface
altitude, 2,239.9 feet.

UATERN ARY—Pleistocene
Q Thickness, Depth,

Meade formation feet feet
Silt, brown, and fine sand............c.covviiniinnn... 3 3
Silt, dark gray...........coiiii 4 7
Sand, fine, dark brown and gray, in part consolidated.. 4 11
Silt, dark brown to gray.............c.coiiiiiuniin.. 7 18
Gravel, fine to coarse; contains sand.................. 12 30
Gravel, fine to coarse; contains a little sand and buff

to gray silb. ..o e 10 40
Gravel, fine to coarse; contains a little sand........ 50 90
Gravel, fine to coarse; contains a little gray and white

St e 12 102
Silt, tan and white............coiiiiiininninn... 45 147
Silt, tan and buff; contains coarse gravel............ 5 152
Silt, gray and tan.............. ... i, 33 185

CreETACEOUS—Gulfian

Dakota formation

Clay, light gray to dark gray and yellow.............. 5 190

129. Sample log of test hole at the SW cor. sec. 5, T. 26 8., R. 20 W. Surface
altitude, 2,230.0 feet.
Thi;:kne.ss, Depth,

eet feet
Road fill, and gray-brown soil........................ 2 2
QuaTERNARY—Pleistocene and Recent
Alluvium
Gravel, coarse, to sand, fine.......................... 28 30
Silt, yellow buff.........coooiiiiiiiiiiiiin ... 10 40
Silt, light gray; contains fine sand................... 10 50
Silt, light greenish gray; contains fine to medium sand, 7 57
Silt, light greenish gray; contains fine to medium gravel
and fine to coarse sand..............couiuiiinnn.n.. 2 59
Silt and clay; light gray and light green.............. 13 72
Silt and clay; blue gray.......oovvvveineneennnnnnnn. 12 84
Silt, buff; contains gravel, fine sand, and caliche...... 3 87
Gravel, fine to coarse; contains sand and buff silt..... 3 90
Gravel, fine to medium; contains sand, buff silt, and
caliche .......ooiiiiiiiii i, 7 97
Gravel, fine to medium; contains caliche. Pebbles con-
sist of material derived from the Dakota formation, 8 105
CreTacEOUS—Gulfian

Dakota formation
Clay, gray white, mottled red....................... 5 110
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130. Sample log of test hole at the NE cor. sec. 19, T. 26 8., R. 20 W. Surface
altitude, 2,243.1 feet.
Thickness, Depth,
feet

feet
Road fill, and dark-gray silt, contains medium sand.. 3 3
QuaTerNARY—Pleistocene and Recent
Alluvium

Gravel, fine to coarse; contains sand.................. 17 20
Gravel, coarse to fine; contains sand and yellow buff silt, 9 29
Silt, yellow buff; contains fine to coarse sand and gravel, 7 36
Gravel and sand, fine to coarse.............couiunn 9 45
Silt, buff to gray white; contains caliche and fine to

€oarse SANA ...iiitiii ittt 5 50
Silt, gray white to light greenish gray; contains caliche

and fine to coarse sand.........coiiiiiiiiiiiiannn, 16 66
Silt and clay, buff; contains fine to medium sand...... 7 73
Caliche, pink and white, concentrically banded........ .5 73.5
Silt and clay; white to light buff; in part cemented with

Y T PP 3.5 77

Creraceous—Gulfian
Dakota formation

Clay, varicolored .........oviiiiiiiiiennnieenannenns 5 82
Sandstone, fine-grained, white.............. [ 1 83
Clay, varicolored ........ccveviiireernnneenaneneeanns 2 85

131. Sample log of test hole at the SE cor. sec. 30, T. 26 S., R. 20 W. Surface
altitude, 2,251.4 feet.

UATERNARY—Pleistocene and Recent .
Q’ elst e Thickness, Depth,

Alluvium feet feet
Silt, light brown, and fine sand....................... 5 5
Sand and gravel, fine to coarse...............oiantn 20 25
Sand and gravel, fine to coarse; contains a little tan silt, 6.5 31.5
Silt, tan; contains a little sand and gravel............ 8.5 40
Silt, tan; contains sand and gravel, white silt, and a

few nodules of caliche....................oontn. 15 55
Silt, compact, white; contains a little sand and gravel, 19 74

CreracEOUS—Gulfian and Comanchean
Dakota formation (Gulfian)
Clay, varicolored; contains a few fragments of yellow

compact fine-grained sandstone ................... 3 77
Clay, gray and black........ccoiviriiiiiiiniiannn. 3 80
Clay, varicolored ; contains brown fine-grained sandstone

and a few fragments of ironstone.................. 23 103
Shale, silty, dark gray; contains white sandstone, yellow

clay, and a little pyrite..........cooviviiiiiinn, 21 124
Sandstone, fine-grained, brown; contains ironstone and

BTAY ClaY o oriirtiiiiie i i i e 3 127

Clay, varicolored ........ccoiiieiiiiiinnnnnennnnnenas 4 131
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Thickness, Depth,

feet feet
Clay, varicolored; contains sandstone and ironstone.... 4 135
Sandstone, brown to white; contains ironstone and vari-
colored Clay ....ovviereiinniiiiiiii i 33 . 168
Shale, gray and yellow; contains brown sandstone and
03151 70 4 Y- P 20 188
Clay, varicolored; contains a little ironstone.......... 22 210
Shale, silty to fine sandy, compact; contains a few frag-
ments of charcoal and pyrite..........cooviiiiiinn 17 227
Shale, in part silty, light gray; contains a small amount
of white fine-grained sandstone..................... 26 253
Kiowa shale (Comanchean)
Shale, blocky, dark gray to black..................... 5 258
Shale, silty, dark gray; contains dark-gray fine-grained
1720 016 K110 - J 17 275
Sandstone, fine-grained, hard, dark gray to white; con-
L7510 o 11 S 13 288
Shale, fissile, gray to black; contains a little maroon,
red, and white shale............... .o, 62 350
Shale, fissile, gray to black; contains a little fine-grained
gray sandstone, and a few fragments of fossil shells, 40 390

132. Sample log of test hole at the NW cor. sec. 4, T. 27 S., R. 16 W. Kiowa
County. Surface altitude, 2,0942 feet.
QuUATERNARY—Pleistocene and Recent Thickness Depth
Dune sand (Pleistocene and Recent) feet feet
Sand, fine to medium, gray and brown................ 4 4
Meade formation (Pleistocene)
Sand, fine to medium, gray and brown; contains some

fine gravel ......coviiiiiiiiiii e 7 11
Silt, sandy, gray; contains orange-brown streaks...... 8 19
Sand, fine, silty, greenish gray................cooi.e 20 39
Gravel, fine to coarse, tan; contains some sand....... 24 63
Silt and fine sand, yellow tan to light gray; in part

cemented with lime.............cooiiiiiiiiiinn, 7 70
Gravel, fine to very coarse, silty............... ... 5 75
Silt, sandy, limy, tan, greenish gray to light gray, and

wWhite ..ot e 22.5 97.5
Silt and fine sand, limy, tan and light gray to white, 28.5 126
Gravel, fine to coarse, tan; contains some sand and tan

sandy silt ... 24 150
Sand, fine to coarse, brown; contains some gravel...... 7 157
Gravel, fine to coarse, and some medium to coarse sand;

17 Y P 18 175
Silt, sandy, limy, light gray...........ooooiiiiiiiin, 5 . 180
Gravel, fine to very coarse, tan; contains some sand, silt,

and pebbles of brown ironstone.................... 84 264

12—4221
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Thickness, Depth,

eet feet

Silt and fine sand, tan, gray and orange brown....... 13 277
Gravel, fine to medium, tan and brown; contains some

sand and pebbles of ironstone...................... 16 293

CreTACEOUS—Comanchean
Kiowa shale
Shale, dark gray to black; contains gypsum, pyrite, and
thin beds of shell-limestone between 310 and 317 feet, 24 317
Cheyenne sandstone
Sandstone, fine- to medium-grained, hard, gray, and hard

sandy shale ....... ... . . 3 320
Shale, sandy, hard, blue gray, and fine-grained sand-

stone; contains gypsum, pyrite, and charcoal........ 13 333
Sandstone, fine- to medium-grained, gray; contains

abundant small grains of pyrite and charcoal........ 7 340
Siltstone, light gray; contains charcoal................ 9 349

PERMIAN
Redbeds (Undifferentiated) .

Shale, silty, dull red........... .. ... ... .. 11 360

133. Sample log of test hole at the NW cor. sec. 5, T. 27 8., R. 18 W., Kiowa
County. Surface altitude, 2,205.5 feet.

QuATERNARY—Pleistocene and Recent

Dune sand (Pleistocene and Recent) th;jgess, D(f’e)é?’
Sand, fine to medium, gray tan and brown............ 9 9
Meade formation (?) (Pleistocene)
Silt, sandy, tan brown............. ... . i 7 16

Sand, coarse, to gravel, coarse; consists predominantly

of medium gravel and contains a few balls of yellow-

tan silb ... e 14 30
Silt and fine sand; gray tan.......................... 9 39
Sand, fine, to gravel, coarse; consists predominantly of

medium and coarse gravel. A few pebbles in lower

part are 1 inch in diameter........................ 39.5 78.5
Sand, fine, silty, tan to light gray; contains lime-ce-

mented zones and a few large pebbles of “mortar

bed” . e 11.5 90
Gravel, fine to coarse, tan; contains a little sand...... 14 104
Caliche, soft, sandy, light gray to white.............. 2 106
Silt and sand, fine, tan brown........................ 4 110
Silt and clay, sandy, tan and yellow gray............. 4 114
Gravel, fine to coarse, tan; consists predominantly of

medium gravel and contains some sand............ 7 121
Silt and fine sand, lime-cemented, light gray to white, 8 129
Silt, sandy, tan and yellow tan; contains some silty clay, 11 140

Gravel, fine to coarse, tan; contains some sand and a
few pebbles of abraded sandy caliche.............. 35 175
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CreTacEOUS—Comanchean
Thickness, Depth,

Kiowa shale feet feet
Clay shale, silty, sandy, gray tan. Poor sample...... 9 184
Shale, sandy, light gray, and fine-grained, hard, gray

sandstone .............. e 16 200
Shale, silty, yellow tan; contains thin beds or concretions

Of IFODSEONE .+ .\iiiit ittt 10 210
Shale, silty, light gray; contains brown streaks........ 16 226
Shale, sandy, blue gray............coiiiiiiiiannnn. 6 232

134. Driller’s log of well 50 of the City of Larned in the NEYi NEY sec. 29,
T.21 8, R. 16 W. Surface altitude, 2,006 feet.
Thickness, Depth,

feet feet
Soil, black ... 3 3
GUIMDO e 7 10
Clay, yellow ... ... i 6 16
Clay, light ... 12 28
Clay, soft, light ......... ... .. . ... . .. 14 42
Clay, light yellow..........oiiiiiiiiiiinannns 12 54
Clay, soft ..o e 16 70
Clay, hard, tough............ e 4 74
Clay, soft ..o 11 85
Clay, tough, and rocks....................covuii.... 4 89
Clay, red ..o 2 91
Sand and clay, blue.................coiiiiiii 2 93
Clay, Breen ........vuiieiir i, 3 96
Clay, blue ..., 2 98
Clay, blue, and roeks................ccoviiiin.... 2 100
Sandstone, light ......... ... .. i 10 110
Clay, yellow ..., 2 112
Rocks, green and red, and clay....................... 2 114
Rainbow clay (probably varicolored clay)............ 4 118
Shale, blue .......coviiiiiiiii 5 123

135. Driller's log of well 61 of the City of Larned in the NWY% NEY sec. 29,
T.21 8, R. 16 W. Surface altitude, 2,006 feet.
Thickness, Depth,

eet feet
Soil, black ... ... 4 4
Clay, sand, and caliche................... ... i 16 20
Clay, yellow ... 10 30
Clay and sand ........ ... 0o, 5 35
Clay, yellow .....ooiiii i, 40 75
Clay, soft, and sand.................cooiivinn . 5 80
Clay, yellow ..., 14 94
Clay, soft, and sand.............ccooveinininninn. .. 4 98
Clay, sand, and rock .................c i, 3 101
Clay, soft, and sand..................cciviiuin.. 4 105

Sandstone, coarse, dark................... . ...l 2 107
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Thickness,
feet
Sandstone, light .............cciiiiiiiiiiiiiinn., 20
Shale, black ........viiiiiiiiniii i 1
Sandstone, coarse .........coiiiiiiiiiiiiiiiiaan 2
Sandstone, light ..........cooiviiiiiiiiiiniann. 6
Shale, blue ......ccoiiiiiiii i 4

Depth,
feet

127
128
130
136
140

136. Driller’s log of well 62 of the City of Larned in the NW¥% NEY% sec. 29,

T. 21 8, R. 16 W. Surface altitude, 2,006 feet.

Thickness,

feet
Soil, black ...oviiiii 3
Caliche and blue elay...............coviiiiiinnnn.. 5
Clay, light, and sand...........................ooee. 7
Clay, yelloW ...o.uiiiriiii i aiaeeanens 10
Clay, yellow, and sand.................ccovnininn.. 7
Clay, soft, yellow. ..ot 8-
Clay, yellow ...ooiiiiiriii it iiinenans 10
Clay, light .....oiiiiii i i ienans 8
Clay, soft, yellow, and caliche.................... . (1]
Clay, yelloW .ovveiiiriiiiii i 5
Clay, brown ........coiiiiiiiiii e 9
Clay, yellow ......c.oiiiiiiiiiiiiiiiiiiaenanain. 8
Rainbow clay (probably varicolored clay) ............ 2
Rock, red ....iiii i 1
Rainbow clay (probably varicolored clay)............ 2
Clay, light, and coarse sand ............oovvneenenn... 4
Sandstone ........ciiiiiiiiie i e 18
Rainbow clay (probably varicolored clay)............ 11
Shale, black .......cooviiiiiiiiiiiii 4

Depth,
feet

3

8
15
25
32
40
50
58
68
73
82
90
92
93
95
99
117
128
132

137. Driller'’s log of well 53 of the City of Larned in the NEY SEY% sec. 32,

T.21 8, R. 16 W. Surface altitude, 2,004.6 feet.

Thickness,
feet
1 10} 1 4
QuATERNARY—Pleistocene and Recent
Alluvium
Sand ..o 4
Sand, €0arse .........iiiiiiiiii 7
Sand and gravel (static water level 15 feet) ............ 13
CrerAcEOUS—Gulfian
Dakota formation
Clay, blue (Dakota water level, 40 feet).............. 19
Clay, yellow ...t 6
Clay, blue ........oiiiiiiii i 3
Clay, yellow ... i 4
Clay, blue ...ttt 6
Clay, yellow, and brown rock................cvvvun... 4

Depth,
feet

4

15
28

47
53
56
60
66
70
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Thickness, Depth,

feet feet
Clay, yellow, and white rock......................... 4 74
Sandstone, Tusty ... 4 78
Clay, bright yellow.........o.oiiiinieieennnn... 3 81
Rainbow clay (probably varicolored clay)............ 2 83
Clay, light gray, and rocks..........covveeeennnnn. ... 6 89
Shale, blue ........covviiiiiiiiiiiniiiiiiiinia., 12 101
Clay, yellow .....cooviiiiiiiiiii e, 8 109
Shale, blue ..........ccovoiiiiiii L7 116
Clay, lght «.ovevrnii e, 6 122°
Sandstone .............. ... .. Ll e 1.5 123.5
Clay, yellow ....ovveniiii e 4.5 128
Shale, blue ..o 3 131
Sandstone ..........ieiiiiiii 10 141
Shale, bIUe ....oviiriiiii 24 165

138. Driller’s log of well 54 of the City of Larned in the SEY SEY sec. 32,
T.218,R. 16 W. Surface altitude, 1,999.8 feet.
Thi;kness, Depth,
eet

» feet
Soil, black ... 2 2
QuATERNARY—Pleistocene and Recent

Alluvium
Gumbo ... 3 5
Clay and sand...............cooooi i 3 8
Sand (static water level, 13 feet) ..................... 15 23
Gravel ...... e e e e e 4.5 27.5
Clay, yellow (Dakota water level 30 feet)........... 8.5 36
Clay, yellow, and brown rocks....................... 1 37
Sand and gravel .............c..oiiiiiiie 3 40

CrerAcEOUS—Gulfian

Dakota formation

* Clay, yellow, and brown rocks........................ 3 43
Clay, yellow ........... P 4 47
Clay, gray ....ovveeiiiineiniii i 2 .49
Clay, yellow ....ovouviiiiiii e, 6 55
Clay, gray ...ooeuiiiiiii i 2 57
Clay, yellow ...... e e e e e 22 79
Rainbow clay (probably varicolored clay) ............ 2 81
Shale, blue ........oovuiiiiii i 10 91
Sandstone ... 37 128
Sand, coarse, and brown rocks........................ 2 130
Sandstone ... 8 138

Shale, blue ...............ooi i 5 143
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139. Driller’s log of well 65 in the NEY4a NW3% sec. 33, T. 21 8., R. 16 W.

QUATERNARY—Pleistocene and Recent .
Thickness, Depth,

Alluvium feet feet
Earth ... e 10 10
BaANd i e 6 16
Gravel, COAISE . ....ovvurreetniniinnnnreeennneeenans 9 25
Sand ... 10 35
Sand, fine ...t e e 9 44

CreraceEoUs—Gulfian

Dakota formation (?)

Rock, hard ....... ..o 2 46
Clay, yelloW ..ottt ittt 10 56

140. Driller’s log of well 74 in the SW¥% SW% sec. 20, T. 21 S, R. 19 W. Sur-
face aliitude, 2,086.2 feet.

UATERNARY—Pleistocene and Recent
Q’ Thickness, Depth,

Alluvium feet feet
Soil and Clay ....oiiiiii i e e 30 30
Sand, dry .......oiiiiiiiiiii e e 1 31
Sand, fine and coarse ...........iiiiiiiiiiiiiiii 33 64
Sand and €lay ... e 4 68
(03 2 11 79
Gravel, COATSE ....uuveenreiartiineenneannennennaeans 14 93

Creraceous—Gulfian )

Dakota formation (?)

Clay, sandy ...o.oveveieieiueinniineeanneaieaaneaans 3 96

141. Driller’s log of well 77 in the SW cor. sec. 27, T. 21 8., R. 19 W. Drilled
by Otis Shuck, 1944.

arY—Pleistocene and Recen
QuaTERNARY—Pleistocene a t Thickness, Depth,

Alluvium feet feet
Barth oooitii i e i 15 15
Clay, yelloW .....ouiriniiinrnieniiiiiaaanes 13 28
Sand, fiNe ...c.vviiiiiii 7 35
SANd, COATSE, . vvneneninrnrnrarirae ey 5 40
Sand, coarse, white ...........coiiiiiiiiiiiiiiii 5 45
Sand and gravel ...........iiiiiiiiiiiiiiieen 19 64
CIAY o veetee e e e e 1 65
Sand, Brown .....oeoiniiiiiiiiii e 1 66
Sand, White .....oeviniiii 2 68
Clay, bIUe ......oiviiiiiiiiii i 12 80
Sand, fiNe . ...enin 6 86
Clay, White .....ooviniiiinii i 4 90
Sand, fine ......oiiiiiiiiiiia e 15 105
Sand, COATSE . ..uevrvrrernean e 1 106
SANA e e e, 4 110
Sand and gravel, coarse ......... ..., 5 115
Clay, yellow .....ooiriii i 1 116

Gravel, CoaTse ..ottt .9 125
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142. Driller’s log of well 105 in the NWY¥% NEY sec. 4, T. 22 8., R. 16 W.

UATERNARY—Pleistocene and Recent .
Q Thickness, Depth,

Alluvium feet feet
Soil and fine sand.........oo i e 4 4
Sand o e 4 8
Gravel ... e e 3 1
Sand ... e 10 21
LAY et e e e 5 26
Sand, fine ... e 4 30
Sand and gravel, coarse...........c.iiiiiiiiiiie..., 6 36

143. Driller’s log of test hole in the NEY4 NW'% sec. 12, T. 22 S, R. 19 W.
Drilled by Otis Shuck, 1940.
Thickness, Depth,

feet Jeet
1 PP 2 2
QUATERNARY—Pleistocene and Recent
Alluvium
Clay, yelloW ... i et 28 30
Sand .o e e 4 . RY
Clay, GrAY ittt ettt it e 1 35
Sand . e e 5 40
Clay, sandy, gray to black............................ 1 41
Silt, fine, sandy, gray to black........................ 9 56
Sand, fine to medium, gray...........oiiiiiiiiiiian.. 15 65
Clay, gray to buff......... ... . ..o, 10 75
Sand, medium .......... il e 5 80
Gravel, coarse. Contains water-worn fragments of
sandstone and limestone........................... 28 108
Creraceous—Gulfian
Dakota formation
Fire clay, streaked (probably varicolored clay)........ 1 109
Sandstone, fine-grained, reddish brown................ 1 110

144. Driller’s log of well 137 in the NEY4 NEY% sec. 6, T. 22 S, R. 18 W.
Drilled by Otis Shuck, 1944.

Y—Pleistocene an cen
QuaTERNARY—Pleistocene and Recent Thickness, Depth,

Alluvium feet feet
L0 P 30 30
Sand ... et e 5 35
Sand, COAISE . .....eetennittt it 13 48
ClaY it e e e 7 55
Sand ... FR 3 58
CLAY  ceeeee et e 14 72
Sand, coarse, yellow.............ciiiiiiiiniann. 4 76
Sand, fine ... .. e 4 80
Sand, coarse, yellow..........cooiiiiii i, 30 110

CreTACEOUS—Gulfian

Dakota formation (?)
ClaY ottt e 10 120
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