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GEOLOGY AND GROUND-WATER RESOURCES OF
BARTON AND STAFFORD COUNTIES, KANSAS

By Bruce F. Latta
ABSTRACT

This report describes the geography, geology, and ground-water
resources of Barton and Stafford Counties in central Kansas. These
counties have an area of about 1,686 square miles and had a popu-
lation of 85,885 in 1945. Stafford County and most of Barton
County are drained by Arkansas River and its tributaries. The
northern part of Barton County is drained by tributaries of Smoky
Hill River. The climate is subhumid, the average annual precipi-
tation being about 24 inches. Farming and raising of livestock are
the principal occupations. Also, Barton and Stafford Counties are
among the most important oil-producing counties in the State.

All the rocks exposed in Barton and Stafford Counties are of
sedimentary origin and range in age from Cretaceous to Recent.
The areal distribution of the formations is shown in Plate 1. The
oldest Cretaceous rocks exposed at the surface are Lower Cretace-
ous (Comanchean) in age and comprise part of the Kiowa shale.
The Upper Cretaceous (Gulfian) is represented by the Dakota for-
mation, Graneros shale, Greenhorn limestone, and Carlile shale,
which are exposed in the upland areas of Barton County. In
northern and western Barton County thin deposits of “Algal lime-
stone” of Tertiary age crop out at scattered localities.

Undifferentiated deposits of silt, clay, and gravel of early Pleis-
tocene age are exposed in a small area in northwestern Barton
County where they unconformably overlie the Carlile shale. Un-
consolidated deposits of silt, sand, and gravel (Meade formation)
of early Pleistocene age cover the eroded surface of Cretaceous and
Permian rocks in some areas in southern Barton and all of Stafford
Counties. These deposits are exposed along Rattlesnake Creek and
North Fork of Ninnescah Creek in southern Stafford County. Later
Pleistocene silts, sands, and gravels underlie parts of the upland in
southern Barton County, the Cow Creek drainage basin, and ter-
races along Walnut and Dry Walnut Creek. Quaternary dune sand
covers the surface in most of Stafford County and southern Barton
County, and alluvium underlies the surface of the larger stream
valleys and Cheyenne Bottoms.

The alluvium yields large amounts of water to wells in Arkansas
and Walnut Valleys and small to moderate amounts to wells in

®
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Cheyenne Bottoms and smaller stream valleys. It supplies water
to many irrigation and a few industrial wells in Arkansas and Wal-
nut Valleys. Waters in most places are hard but otherwise are
satisfactory for most purposes. However, waters of poor quality
are found in Cheyenne Bottoms and Big and Little Marshes.

Sand and gravel beds of the Meade formation are the most im-
portant sources of water in Stafford County and southern Barton
County, and yield large supplies. Most of the domestic and stock
wells and all the irrigation and public-supply wells south of Arkan-
sas Valley derive water from this formation, and many of the
domestic, stock, irrigation, and industrial wells in the Arkansas
Valley and the city-supply wells at Great Bend derive all or a part
of their water from it. In most areas the water is of good quality,
but locally it is highly mineralized.

The report contains a map showing by means of contours the
saturated thickness of the water-bearing materials of post-cretace-
ous age. In parts of the area those water-bearing materials have
a total saturated thickness of as much as 200 feet.

The field data upon which most of this report is based are given
in tables that include records of 871 wells, 43 of which are irriga-
tion wells, and chemical analyses of water from 100 representative
wells and test holes. Logs of 130 test holes, water wells, and oil-
test wells, including 106 test holes put down by the State Geological
Survey, are given.

INTRODUCTION

Purprose AND ScopE oF REPORT

This report presents the results of an investigation of the geology
and ground-water resources of Barton and Stafford Counties, which
was begun in July 1942, 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 Agri-
culture. Owing to the concentration of Survey activities on war
work and the shortage of personnel, the field investigation was inter-
rupted and was not completed until the fall of 1944,

The importance of ground water is indicated by the fact that the
entire population of Barton and Stafford Counties obtains its water
supply from wells. In addition, wells supply water for livestock,
for industrial use, and for the irrigation of more than 1,500 acres of
land. Thus, there is definite need for an adequate understanding of
this important natural resource. The investigation in Barton and
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Stafford Counties was made to determine the quality, quantity,
movement, and availability of ground water.

The invesigation was made under the general administration of
0. E. Meinzer, geologist in charge of the Ground Water Branch of
the Federal Geological Survey until his retirement in November
1946, and under A. N. Sayre, geologist in charge since that time.

The sections on oil and gas and ceramic materials were prepared
by geologists of the State Geological Survey.

LocATION AND EXTENT OF THE AREA

Barton and Stafford are adjacent counties in central Kansas and
together they embrace a total of 47 townships containing 1,686
square miles. Barton is the larger of the two counties and has an
area of 892 square miles. The location of Barton and Stafford
Counties with respect to adjoining counties is shown in Figure 1.

sssssssssssss

waLLace T ocan

I 1=
j REPORT PUBLISHED
OR! IN PRE$S

Fic. 1—Area covered by this report and other areas in Kansas for which
codperative ground-water reports have been published or are in preparation.

PrEvVIOUS INVESTIGATIONS

A detailed study of the geology and ground-water resources of
Barton and Stafford Counties had not previously been undertaken,
However, brief references to the geology and ground water of parts
of these two counties have been made in numerous reports. In an
early paper on the salt deposits of Kansas, Hay (1889, pp. 199, 202)
describes the discovery and development of salt near Great Bend in
Barton County. A few years later Hay (1893) published a report
on the geology and mineral resources of Kansas in which he gives
a brief description of the salt marshes in northeastern Stafford
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County. Physiographic descriptions of the Arkansas River and
Cheyenne Bottoms were given by Johnson (1901, pp. 712-713) in
his paper on the utilization of the High Plains.

In 1902, Bailey published a special report on the mineral waters
of Kansas which includes a description of a deep salt-water well
near Great Bend and a chemical analysis of the water from it
(Bailey, 1902, p. 197). A preliminary report on the geology and
ground-water resources of the Central Great Plains by Darton
includes a general description of the water supply in Barton and
Stafford Counties (Darton, 1905, pp. 290-291, 319). Brief refer-
ences to a salt plant at the Big Marsh in northeastern Stafford
County and to the quality of water in Cheyenne Bottoms were made
by Parker (1911, pp. 47, 55) in a report on the quality of the water
supplies of Kansas.

A detailed investigation of the geology of Russell County, ad-
jacent to Barton County on the north, was published by the State
Geological Survey in 1925 (Rubey and Bass, 1925). The results
of a study of the physiography and geology of south-central Kan-
sas, including all of Stafford County and the southern part of
Barton County, are given in an unpublished thesis by Courtier
(1934). In 1944, a report was published (Meinzer and Wenzel,
1944, pp. 71-72, 168-171) on water levels and artesian pressures
in the United States in 1942, which contains chapters on the obser-
vation-well programs in Barton and Stafford Counties. Similar
reports have been published for the years 1943-'45 (Meinzer and
Wenzel, 1946, pp. 63-65, 152-154; Sayre and others, 1947, pp. 51-
54, 126-127; 1948, pp. 51-53, 126-128), and additional reports of
this series will be published annually.

Codperative ground-water investigations have been made in sev-
eral counties adjacent to, or near, Barton and Stafford Counties
(Fig. 1). These include reports on Pawnee and Edwards Counties
(McLaughlin, 1949), Kiowa County (Latta, 1948), Rice County
(Fent, 1950), and the oil-field areas of Russell and Ellis Counties
(Frye and Brazil, 1943).

MEeTHODS OF INVESTIGATION

Approximately 3 months in the summer and fall of 1942 and 315
months in the summer and fall of 1944 were spent by me in the
field in Barton and Stafford Counties collecting data for this re-
port. During that time, the wells listed in Tables 12 and 13 were
visited and the depths to water in them were measured. All meas-
urements were made with a steel tape from a fixed measuring point
at the top of the well. Allan Graffham measured additional wells
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in Barton County during the fall of 1944. Observation wells in the
two counties were established by me and have been measured
periodically by W. W. Wilson, Allan Graffham, Melvin Scanlan,
and Howard Palmer.

During the course of the field work, the geology of the county
was studied and a geologic map (Pl. 1) was prepared. Information
concerning the thickness and character of the geologic formations
in the subsurface was obtained by the drilling of 104 test holes in
the two counties—80 test holes in Barton County and 24 in Stafford
County. The test holes were drilled with a hydraulic rotary drill-
ing machine owned by the State Geological Survey and operated
by O. S. Fent, Charles K. Bayne, Delmar Berry, George Yeckel,
William Connor, Milford Klingaman, and Joseph Votaw. Samples
from the test holes were collected and studied in the field by Fent,
Bayne, and Berry and were again studied in the office by me. Ad-
ditional logs of wells and test holes drilled in the two counties were
provided by landowners, drillers, and city officials.

The altitudes of the measuring points of those wells that were
measured and of the test-hole locations were determined with an
alidade and plane table by level parties headed by Richard Tripp
and Charles K. Bayne.

Samples of water were collected from 9 wells and 11 test holes
and chemical analyses of them were made by Howard Stoltenberg,
chemist, in the Water and Sewage Laboratory of the Kansas State
Board of Health. In addition, Stoltenberg determined the chloride
content of samples of water collected from three wells and two
test holes, and of five samples from Rattlesnake Creek, three from
Big Marsh, and one from Little Marsh.

Highway maps of Barton and Stafford Counties compiled by the
State Highway Commission of Kansas were used in the field for
mapping and were used in the office as base maps in preparing
Plates 1 and 2. The drainage was delineated from aerial photo-
graphs obtained from the Agricultural Adjustment Administration,
United States Department of Agriculture.

‘WELL-NUMBERING SYSTEM

The well and test-hole numbers used in this report give the loca-
tion of wells according to General Land Office surveys and accord-
ing to the following formula: Township, range, section, 160-acre
tract within that section, and the 40-acre tract within that quarter
section. This system of numbering wells is shown on Figure 2. If
two or more wells are located within a 40-acre tract, the wells are
numbered serially according to the order in which they were inven-
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toried. The 160-acre and 40-acre tracts are designated a, b, ¢, or d
in a counterclockwise direction, beginning in the northeast quarter.
For example, well 18-13-5da is located in the NE14 SE1} sec. 5, T.
18 8., R. 13 W. As all the area is south and west, respectively, of the
base line and meridian used for Kansas, no symbols for south and
west are included in the well numbers.
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Sanitation, Kansas State Board of Health. The manuscript was
edited by Betty J. Hagerman, and the illustrations were drafted in
final form by Robert White and Woodrow W. Wilson.

GEOGRAPHY
CLIMATE

The climate of Barton and Stafford Counties is subhumid and
is marked by extremes of precipitation and temperature. The aver-
age growing season in Barton County is about 174 days and has
ranged from about 143 to about 220 days. In Stafford County the
average growing season is about 169 days and has ranged from about
117 to about 198 days.

The normal annual precipitation at Great Bend and Hudson, de-
termined by the U. 8. Weather Bureau, is 24.18 and 24.58 inches,
respectively. However, deviations from the normal are frequent.
At Great Bend the recorded annual precipitation for the period
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Fie. 2—Map of Barton and Stafford Counties illustrating the well-
numbering system used in this report.
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1923-47 has ranged from a minimum of 14.72 inches in 1936 to a
maximum of 38.35 inches in 1944, and at Hudson it has ranged from
14.17 inches in 1936 to 34.54 inches in 1944. The annual precipita-
tion for the period of record and the cumulative departure from
normal precipitation at Great Bend and Hudson are shown graphi-
cally in Figures 3 and 4.
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F1a. 3—Annual precipitation and cumulative departure from normal precipi-
tation at Great Bend. (Data from records of the U. S. Weather Bureau.)
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PoruraTiON

According to the 1945 census by the State Board of Agriculture
the population of Barton County was 26,597 and the population of
Stafford County was 9,288, a total of 35,885 for both counties.
Great Bend, the largest city in the area and the county seat of
Barton County, had a population of 10,065 in 1945. Other towns
in Barton County and their 1945 populations are Hoisington, 3,875;
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Ellinwood, 2,141; Claflin, 708; Pawnee Rock, 339; Albert, 166;
Galatia, 124; and Olmitz, 145.

The largest town in Stafford County is Stafford which had a
population of 1,969 in 1945. St. John, population 1,614, is the second
largest town and the county seat. Other towns in Stafford County
and their 1945 populations are Macksville, 540; Hudson, 235;
Seward, 130; and Radium, 76.

Population figures are not available for the small towns of Beaver
and Heizer in Barton County, or Zenith in Stafford County. Red-
wing, Dartmouth, and Farhman, in Barton County, and Neola, in
Stafford County, serve as supply stations for farmers and as grain-
shipping points.

TRANSPORTATION

Barton and Stafford Counties have excellent transportation facili-
ties. The main line of the Atchison, Topeka, and Santa Fe Railway
traverses Stafford County from east to west through Zenith, Stafford,
St. John, and Macksville. An alternate route of the Atchison, To-
peka, and Santa Fe Railway between Hutchinson and Kinsley
passes through Ellinwood, Great Bend, and Pawnee Rock in southern
Barton County. The main line of the Missouri Pacific Railway
traverses central Barton County from east to west through Claflin,
Redwing, Hoisington, and Olmitz.

A branch line of the Missouri Pacific Railway running from
Kingman to Larned passes through Stafford, Hudson, Seward, and
Radium in Stafford County. Another branch line of the Missouri
Pacific runs between Great Bend and Hoisington. A branch line of
the Atchison, Topeka, and Santa Fe Railway runs from Great Bend
westward to Scott City, passing through Heizer and Albert in west-
central Barton County. Another branch line of the Santa Fe runs
from Galatia in northwestern Barton County through Susank,
Beaver, and Fahrman to McPherson in McPherson County.

Several hard-surfaced Federal and State highways pass through
Barton and Stafford Counties. U. S. Highway 281 crosses the central
part of the area from north to south, passing through Hoisington,
Great Bend, and St. John. TU. S. Highway 50N passes from east to
west through Ellinwood, Great Bend, and Pawnee Rock in southern
Barton County, and U. 8. Highway 50S passes from east to west
through Zenith, Stafford, St. John, and Macksville in southern
Stafford County. State Highway 4 traverses central Barton County
from east to west, passing through Claflin and Hoisington. State
Highway 96 runs northwest from Great Bend through Heizer and
Albert, and State Highway 19 passes from east to west through
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Radium and Seward, joining U. S. Highway 281 at a point 2 miles
east of Seward. Numerous improved county and township roads
serve the remainder of the area (Pl. 1).

AGRICULTURE

Agriculture is the dominant economic activity in Barton and
Stafford Counties, wheat being by far the most important crop.
Other crops include corn, grain sorghums, barley, oats, rye, and al-
falfa. The acreage of the principal crops grown in Barton and Staf-
ford Counties in 1948, as reported by the Kansas State Board of
Agriculture, is given in Table 1.

Barton County has a total land area of about 570,880 acres. Ac-
cording to the 1940 census, 98.8 percent of the land was in farms.
In 1948 there were 1,522 farms in Barton County, and the average
farm comprised about 370 acres. Stafford County has a total land
area of about 508,160 acres, 95.8 percent of which was in farms in
1939. In 1948 there were 1,163 farms in Stafford County, averaging
about 420 acres in size.

Irrigation by pumping from wells is practiced to a limited extent
in the Arkansas Valley and Walnut Creek Valley in Barton County
and in parts of the sand-hills area in Stafford County. In 1944
there were 38 pumping plants in the two counties, capable of irri-
gating more than 1,500 acres of land. In most years a much smaller
acreage than this is actually irrigated, however.

NATURAL RESOURCES AND INDUSTRIES

The urban industries of this area are primarily related to agri-
culture, general merchandising, and production of oil and gas.

Mineral resources of Barton and Stafford Counties include oil,
gas, clay, sand, gravel, limestone, and salt.

TasLE 1—Acreage of principal crops grown in Barton and Stafford Counties,
Kansas, in 1948

Crop Barton County | Stafford County
Wheat...... ...l 262,000 196,000
All hay exclusive of sorghums......... ... 36,180 40,510
Sorghums. ............ ... ... ... 29,860 40,940
Oats......... P 11,560 3,970
Barley.............. . ...l 9,520 4560
Corn..........oooiiiiiiiiii 2,000 3,100
Rye.....ooooo 290 1,080
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PratE 4—A, Flat, featureless surface of Cheyenne Bottoms. View look-
ing west from the Cen. W. line sec. 19, T. 18 S, R. 11 W. B, View looking
northeast across Cheyenne Bottoms from the S. line sec. 28, T. 18 8., R. 13
W. Dark areas are covered with water. C, View looking south across Wal-
nut Valley terrace from the SW% sec. 8, T. 18 S, R. 15 W., Barton County.
Terrace lies between the two dashed lines. The line of trees in the distance
marks the course of Walnut Creek. D, Arkansas Valley in western Barton
County. View looking downstream from Pawnee Rock.
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OIL AND GAS
BY EARL K. NIXON

Introduction.—Stafford and Barton are among the most impor-
tant oil-producing counties in the state. Although oil was first
discovered in western Kansas in 1923 (the Fairport pool of Russell
County), Stafford and Barton Counties did not join the growing
list of Kansas producers until 1930. Meantime, oil had been dis-
covered in the adjacent counties, Ellis, Rice, and Reno. The
Davidson pool in Barton and the Richardson pool in Stafford were
the initial discoveries in the two counties.

In the 18 years since oil was discovered in the two counties,
hundreds of wells have been drilled in each, and numerous pools
have been opened. At the end of 1948 there were 59 producing oil
and gas pools in Barton County, and 53 in Stafford County. The
total area of the producing pools in Barton County was 89,350
acres in 1948, or 15.7 percent of the area of the county. In Stafford
County the producing area was 29,680 acres, which was 5.8 per-
cent of the county area.

The number of new wells drilled for oil or gas in Barton County
during 1948 was 429; in Stafford County the number was 157.
Wildeat wells drilled in the two counties in 1948 resulted in the
discovery of 10 new pools in each county.

The Stanolind Oil and Gas Company maintained one secondary
oil-recovery operation during 1948. This operation was experi-
mental in that nitrogen, a relatively inert gas, was used as an
injection medium to displace the oil and move it toward producing
wells. The result of the operation has not been announced. In
Stafford County seven secondary-recovery operations were re-
ported for 1948. Six of these were in the Zenith-Peace Creek pool
and one in the Kipp.

Geology—Knowledge of the petroleum geology of Barton and
Stafford Counties requires a study of the stratigraphy and sedimen-
tation of Paleozoic rocks, and to the structure of those as well as the
overlying or younger beds that crop out in the area.

The younger rocks, the Cretaceous, Tertiary, and Quaternary,
that are exposed at the surface in the two-county area do not here
produce oil or gas. Petroleum production comes from several of
the older rocks or “sands,” at points where favorable conditions of
sand porosity or structure, or both, occur. Names of most of the
geologic divisions and oil-producing formations that are commonly
referred to by men in the oil business are shown in Figure 5. The
largest producer in both counties, as well as in the state, is the
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dolomite of the Arbuckle group of Cambrian and Ordovician age.
It occurs at depths of 3,000 to 4,000 feet in Barton and Stafford
Counties, which today is regarded as an intermediate depth in oil
production.

Barton County is in the center and Stafford County on the south-
ern edge of the Central Kansas uplift. The uplift is a broad geo-
logic structure, which in general is favorable for oil accumulation.
Especially likely places for oil pools occur where minor structures,
such as anticlines and domes, are superimposed on the major strue-
ture or uplift. This combination, given satisfactory source beds
and sedimentary conditions, probably accounts for the large num-
ber of important oil pools in the two counties.

01l and gas pools—Tables 2 and 3 show the names and principal
features of the oil and gas pools of Barton and Stafford Counties,
respectively. The section-township-range location shown under the
name of each pool is the location of the discovery well. A one-well
pool is given an arbitrary area of 40 acres; the map areas of larger
pools have been given or estimated approximately. The oil and
gas production figures were supplied by the Kansas Corporation
Commission. The geologic names are those in common use by
petroleum geologists and engineers, as shown in Figure 5.
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Geologic Some
System Subdivisions
Recent — Alluvium
Quaternary (Pleistocene) glacial sediments
Tertiary (Pliocene) Ogallala
Cretaceous
Jurassic ?
Stone Corral dolomite
S Herington limestone
= Winfield limestone Hugoton
E Ft. Riley limestone gas zones
© Wreford limestone
a Indian Cave sandstone
Tarkio limestone
Topeka limestone
c
o Oread limestone
& Lansing-Kansas City
g sequence (limestones)
. "Wayside sand
" “Peru sand"
c JFt Scott limestone
g Squurrel sand"
a “Bartlesville sand"

Sooy conglomerate
Atokan rocks

Mississippian

”Chof"

"Mississippi lime"
Kinderhook (GChattanooga)
"Misener sand"

Silurian and u . "
Devonian Hunton limestone
Sylvan shale
Ordovician Viola limestone
rdovicia Simpson -St. Peter sandstone
Arbuckle dolomite
Cambrian Lamotte (Reagan) sandstone

Pre-Cambrian

Granite and quartzite

drillers and petroleum engineers. (Nixon, 1948, Fig. 3.)

23

F16. 5—Generalized geologic column showing rock units commonly used by
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TasLe 2.—Data on oil and gas pools of Barton County

Pool and b ) ?umu- No. Depth
00l an is- 948 ative pro- . to pro-
location of covery Ar;e % | produe- production|ducing P rozdllllclng ducing
discovery well year | CTes tion to end of | wells one zone,
1948 feet
01l production, barrels
Ainsworth South....| 1937 |1,550 1,727 35,213 1 | Arbuckle 3,390
10-17-13
Ames.............. 19043 | 620 | 231,686 | 712,369 | 26 | K. C.-Lans. 3,042
22-18-11 Arbuckle 3,348
Ames Northwest. .. .| 1947 80 5,584 6,319 2 | K. C.-Lans. 3,106
9-18-11 Arbuckle 3,312
Ash Creek.......... 1047 | 600 | 220,906 | 283,172 | 24 | Arbuckle 3,787
31-20-15
Bahr.............. 1943 40 | None 29,925 0 | Reagan 3,495
26-18-15
Barrett............ 1943 | 600 12,271 87,776 3 | Arbuckle 3,463
36-16-14
Beaver............. 1934 |1,300 | 360,554 (2,782,995 | 56 | Oread 2,885
16-16-12 Arbuckle 3,348
Reagan 3,335
Beaver North....... 1937 | 280 53,217 | 424,479 6 | Arbuckle 3,316
4-16-12
Beaver Northwest...| 1942 | 550 | 100,346 | 163,291 | 10 | Shawnee
6-16-12 K. C.-Lans.
Sooy
Arbuckle
Beaver South....... 1945 | 160 7,453 41,151 3 | Sooy
27-16-21 Arbuckle 3,359
Behrens............ 1944 | 950 | 103,208 | 304,903 | 19 | Arbuckle 3,719
6-20-15
Bergtal............ 1941 40 639 1,331 1 | Arbuckle
22-20-15
Bloomer........... 1936 (1,170 | 616,376 |10,669,053 | 106 | K. C.-Lans. 3,044
Arbuckle 3,257
Boyd.............. 1942 11,700 | 395,168 (1,507,420 | 34 | K. C.-Lans. 3,438
4-18-14 Arbuckle
Bryant............ 1948 | 300 4,049 4,049 3 | Arbuckle 3,383
27-20-12
Carroll. ........... 1944 (1,100 | 284,471 ‘ 622,764 | 31 | K. C.-Lans. 3,109
21-17-14 Arbuckle 3,356
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TaBLE 2.—Data on oil and gas pools of Barton County—Continued

Pool and b (i_lumu- No. Depth

0ol an is- 1948 ative pro- . to pro-

location of covery ‘:;1?;’ produc- | production|ducing Proz((i)l!ll(:ng ducing

discovery well year tion to end of | wells zone,

1948 feet
01l production, barrels

Carroll Southwest...| 1947 80 11,342 15,324 2 | Lansing 3,193
32-17-14

Davidson.......... 1930 | 390 10,383 | 210,758 4 | K. C.-Lans. 3,016

4-16-11 Sooy 3,317

Arbuckle 3,314

Dundee............ 1945 40 1,097 4,962 1 | Arbuckle 3,507
29-20-14

Eberhardt.......... 1935 | 320 27,257 | 355,960 8 | K. C.-Lans. 3,194

14-19-11 Arbuckle 3,311

Ellinwood North....| 1937 60 3,293 73,947 1 | Arbuckle 3,328
33-19-11

Esfeld............. 1947 40 2,838 3,409 1 | Arbuckle 3,343
15-16-11

Eveleigh........... 1943 | 680 | 159,579 | 443,576 | 20 | K. C.-Lans. 3,177

11-18-14 Arbuckle 3,339

Pre-Cambrian | 3,311

geltes North....... 1944 40 | Included |with Feltes) NW | Arbuckle 3,338

—-16-12
Feltes Northwest....| 1945 | 360 64,651 189,364 7 | Arbuckle 3,342
2-16-12

Hagan............. 1938 | 160 39,975 | 298,853 4 | Arbuckle 3,323
20-20-11

Hammer........... 1940 | 320 58,199 | 237,210 9 | Arbuckle 3,348
35-19-12

Heizer............. 1935 40 2,468 37,491 1 | K. C.-Lans. 3,228
16-19-14

Hiss............... 1936 | 300 | 179,439 | 976,749 | 18 | K. C.-Lans. 3,270
31-20-13

Hiss Southeast. ... .. 1948 40 587 587 1 | Arbuckle 3,545
32-20-13

Hiss West.......... 1945 | 400 | Included |with Hiss K. C.-Lans. 3,250
36-20-14

Hoisington. ........ 1938 | 600 | 385,993 | 649,662 | 31 | K. C.-Lans. 3,222

21-17-13 Arbuckle 3,440
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TaBLE 2—Data on o0il and gas pools of Barton County—Continued

Pool and b (13umu- No. Depth

ool an is- 1948 ative pro- . to pro-

location of covery Ar;a as, produc- | production|ducing Pr (;dlrll(;mg ducing.

discovery well year | CT® tion to end of | wells o zone,
1948 feet
Oil production, barrels

Homestead......... 1948 40 4,098 4,098 1 | Arbuckle 3,310

22-18-13

Kaufman........... 1947 40 1,588 1,588 1 | K. C.-Lans.

33-15-12 Arbuckle 3,311
Pre-Cambrian

Klhg.............. 1946 80 7,808 23,214 2 | Arbuckle 3,414

28-17-13

Klug North........ 1948 60 10,675 10,675 2 | Arbuckle 3,380

27-17-13W

Kowalsky.......... 1941 | 200 77,288 89,962 7 | Arbuckle 3,378

32-20-11W

Kowalsky Northwest| 1947 | 460 59,263 59,263 9 | K. C.-Lans. 3,185

3020-11W Arbuckle 3,381

Kraft-Prusa........ 1987 24,060 |6,887,650 (38,159,450 | 576 | Shawnee 2,885

10-17-11W K. C.-Lans. 3,160
Gorham 3,335
Arbuckle 3,281
Reagan 3,310
Pre-Cambrian

Kraft-Prusa........ 1941 | 160 12,641 | 166,791 3 | Arbuckle 3.351

Northeast 36-16-11W

Lake Barton........ 1948 60 459 459 1 | Arbuckle 3,372

21-18-13W

Lanterman......... 1934 | 500 36,879 | 798,950 9 | K. C.-Lans. 3,109

15-19-11W Arbuckle 3,235

Laudick............ 1948 | 200 29,616 29,616 5 | Arbuckle 3,382

28-16-12W

Marchand West..... 1939 | 640 | Included {with Silica

24-20-12W

Merten Northeast...| 1946 40 2,737 11,106 1 | Arbuckle 3,494

36-18-15W

Mue-Tam.......... 1942 40 None 17,731 0 | Arbuckle 3,312

35-20-11

Odin*............. 1948 40 428 24,843 1 | Arbuckle 3,321

3-17-12
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TasLe 2—Data on oil and gas pools of Barton County—Continued

Pool and b . (llumu- No. Depth

00l an is- 948 ative pro- . to pro-

location of covery géf:s, produc- | production|ducing Proz((i)llllclng ducing

discovery well year tion to end of | wells € zone,

1948 feet
01l production, barrels

Otis-Albert......... 1935 16,400 |1,679,672 |2,252,518 | 97 | Reagan 3,601
30-18-15

Pawnee Rock....... 1936 500 13,171 118,336 7 Arbuckle 3,832
13-20-16

Pawnee Rock East. .| 1941 40 3,969 18,517 1 Arbuckle 3,814
17-20-15

Pritchard. ......... 1944 | 770 194,032 | 614,039 18 | Arbuckle 3,455
34-20-14

Rick............... 1936 | 600 40,333 | 728,277 | 10 | K. C.-Lans. 3,106

1-19-11 Arbuckle 3,355

Roesler............ 1943 40 2,872 28,928 1 Arbuckle 3,291
14-18-11

Rolling Green. . . ... 1948 | 100 7,034 7,034 3 | K. C.-Lans. 3,257
36—20-13

St. Peter........... 1944 | 100 16,683 60,979 2 | K. C.-Lans. 3,387

5-19-11 Arbuckle

Silica.............. 1931 [13,480 4,580,948 (57,856,647 | 528 | K. C.-Lans. 2,955

12-20-11 Arbuckle 3,328

Silica South. . ...... 1935 |2,770 | Included |with Silica 0 | K. C. Lans. 3,035

24-20-11 Arbuckle 3,268

Trapp. ..ooveeeenn. 1936 (13,700 (4,838,554 |37,567,411 | 488 | Shawnee 2,889

23-15-14 Dodge 2,966

K. C.-Lans. 3,062

Arbuckle 3,252

Unruh............. 1945 | 500 28,540 58,737 9 | Arbuckle 3,641
24-30-15

Workman. ......... 1944 40 2,601 15,262 1 | Arbuckle 3,407
33-20-12

Workman Southeast | 1948 40 None None 0 | Arbuckle 3,389
34-20-12

Yeakley............ 1948 | 100 13,120 13,120 2 | Arbuckle 3,318
17-18-13
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TaBLE 2—Data on oil and gas pools of Barton County—Concluded
Pool and b . (llumu- No. Depth
ool an is- 948 ative pro- . to pro-
location of covery Ar;ea, produc- | production|ducing Prozdlécmg ducing
discovery well year | 8€Tes tion to end of | wells one zone,
. 1948 feet
Gas production, thousand cubic feet

Adolph............ 1947 | 160 None None 0 | Arbuckle 3,734
16-20-15
Ash Creek (gas)..... 1948 50 1 602,150 |..........|...... Arbuckle 3,769
31-20-15
Behrens (gas)....... 1944 50 | 602,150 [.......... e
6-20-15
Bergtal (gas)....... 1941 500 None None |...... Arbuckle 3,689
22-20~15
Eberhardt (gas)..... 1935 | 300 39,823 | 294,282 |......|.......... ... o i
14-19-11
Krier.............. 1944 |...... 47,068 | 257,217 2 |
30-16-11 (within Kr|aft-Prusa p|ool)
Otis-Albert (gas).. 1930 (7,000 (1,816,866 |.......... 30 | Neva
11-18-16 Reagan 3,507
Pawnee Rock (gas)..| 1936 20 | 240,860 |......... et
19 and 20-15 and 16
Rick (Slhca,) (gas)...| 1941 60 16,500 360,722 2 | Arbuckle 3,355
11-19-
Unruh (gas)........ 1945 | 500 (2,762,529 6,476,094 3 | Arbuckle 3,641
24-20-15
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TasLe 3—Data on o0il and gas pools of Stafford County
and b 1948 (IJumu- No. Depth
Pool an is- ative pro- . to pro-
location of covery ‘:;f:‘s’ produc- | production|ducing Pr(;dllllcmg ducing
discovery well year tion to end of | wells one zone,
1948 feet
01l production, barrels
Ahnert............. 1941 40 2,985 36,522 1 | Arbuckle 3,784
26-22-13
Bedford............ 1940 | 850 73,614 |1,235,645 | 14 | Arbuckle 3,859
21-23-12W
Brock............. 1944 | 640 60,004 | 239,008 | 10 | Arbuckle 3,680
12-23-12W
Byron............. 1943 40 None 11,146 1 Arbuckle 3,460
4-21-12W
Cadman........... 1944 40 None 4,571 0 Viola 4,064
4-25-13W
Copeland. ......... 1948 60 None None 0 | K. C.-Lans. 3,752
30-24-13W .
Curtis............. 1942 | 400 87,424 | 371,287 9 | Arbuckle 3,693
6-22-13W
Drach............. 1937 |2,200 | 547,609 |3,340,403 | 48 | Arbuckle 3,690
12-22-13W
Drach Northwest...| 1944 | 200 29,819 44,090 5 | Arbuckle 3,738
11-22-13W
Drach West........ 1938 40 None 100,738 0 Arbuckle  |........
14-22-13
Farmington........ 1943 650 112,020 | 744,927 17 | Kinderhookian
34-24-15 Arbuckle 4,417
Fischer............ 1938 | 160 | 15,099 | 306,024 3 | Arbuckle 3,641
31-21-12
Fischer Northwest...| 1948 | 160 19,769 19,769 6 | Arbuckle 3,639
36-21-13
Gates.............. 1933 | 700 | 159,936 1,562,593 | 28 | Arbuckle 3,679
27-21-13
Gray.......oouvnn. 1946 | 120 6,153 26,764 3 | K. C.-Lans. 3,762
11-24-13 )
Grunder. .......... 1943 40 1,125 16,090 1 | K. C.-Lans. 3,945
11-25-15
Hazel.............. 1942 | 250 17,021 | 215,649 6 | Arbuckle 3.692
21-21-13
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TaBLE 3.—Data on oil and gas pools of Stafford County—Continued
Pool and Di 1948 | Tatie | pro o
ool an 18- ative pro- . to pro-
location of covery ggfgs’ produc- | production|ducing Pr(;d?lcmg ducing
discovery well year tion to end of | wells one zone,
1948 feet
01l production, barrels
Heyen............. 1943 | 780 83,283 | 226,392 | 15 | Arbuckle 3,652
24-22-12
Hildebrand......... 1948 40 None None 0 | Viola  |........
2-24-12
Hufford............ 1948 150 41,034 41,034 6 Arbuckle 3,755
33-21-13
Jordan............. 1936 300 29,131 641,539 7 K. C.-Lans. 3,722
15-25-14
Kelly.............. 1948 40 2,321 2,321 1 | Arbuckle 3,870
35-23-12
Kenilworth......... 1947 | 200 51,965 58,620 6 | K. C.-Lans. 3,505
15-22-13 Arbuckle 3,808
Kipp...ovvvvnenn. 1937 | 500 22,145 | 544,866 | 11 | K. C.-Lans. 3,827
27-25-14
Kipp Northeast... .. 1946 | 120 35,085 | 100,697 3 | K. C.-Lans. 3,844
23-25-14
Leesburgh.......... 1938 | 700 | 140,704 |2,124,165 | 16 | Arbuckle 4,153
12-25-13
MecCandless. ....... 1944 | 200 47,563 | 208,482 4 | Simpson 4,251
302513
Max........coovnn. 1938 | 700 | 175,582 (1,157,055 | 16 | K. C.-Lans. 3,356
35-21-12 Arbuckle 3,570
Moon.............. 1948 40 370 370 1 K. C.-Lans. 3,530
4-22-13
Mueller............ 1938 {1,600 | Included |with Sittnejr Arbuckle 3,594
29-21-12
Nellie.............. 1948 40 7,700 7,700 1 | K. C.-Lans. 3,696
28-22-14
Neola*............. 1948 40 4,387 4,387 1 | Viola 3,921
15-25-11
O’Connor. ......... 1948 40 1,470 1,470 1 K. C.-Lans. 3,768
8-24-15
Pundsack.......... 1947 80 21,978 25,366 3 Arbuckle 3,735
19-21-13
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TaBLe 3.—Data on oil and gas pools of Staﬁofd County—Continued

L and b (llumu- No. Depth
Pool an is- 1948 ative pro- . to pro-
location of covery ‘ggfaq’ produc- | production|ducing Pr(;d?lcmg ducing
discovery well year €S tion to end of | wells one zone,
1948 feet
01l production, barrels
Rattlesnake. . ... ... 1938 | 40 4,860 | 89,035 | 1 |K.C.-Lans. 3,608
13-24-14
Rattlesnake West. . .| 1944 40 4,350 17,940 1 K. C.-Lans. 3,759
11-24-14
Richardson......... 1930 (1,200 787,475 (9,340,133 60 Arbuckle 3,537
36—22-12
Richland........... 1944 | 200 25,966 | 159,097 5 | Arbuckle 4,232
27-24-14
Riley.............. 1940 | 120 8,692 | 112,521 2 | K. C.-Lans. 3,323
28-23-11
Rothgarn.......... 1943 120 5,756 72,519 2 Arbuckle 3,569
10-21-13 :
Rothgarn East...... 1948 40 4,962 4,962 1 | Arbuckle 3,520
11-21-13
St. John........... 1935 | 980 | 139,200 2,306,660 | 24 | K. C.-Lans. 3,588
23-24-13 Arbuckle 4,075
St. John Townsite.. .| 1944 | 300 24,547 | 220,955 6 K. C.-Lans.
33-23-13 Arbuckle 3,919
Sandago. .......... 1947 | 250 45,323 63,624 7 | Arbuckle 3,480
12-21-12
Sand Hills.......... 1944 80 7,178 35,244 2 | Arbuckle 3,548
19-21-11
Saundra........... 1946 | 300 26,413 78,561 7 | Arbuckle 3,546
14-21-12
Shaeffer............ 1941 300 14,599 280,997 4 K. C.-Lans. 3,404
3-21-13 Arbuckle 3,546
Sittner............. 1937 | 400 | 680,532 (2,464,604 | 56 | K. C.-Lans. 3,278
33-21-12 Arbuckle 3,600
Sittner South....... 1938 |1,700 | 145,895 |1,554,914 | 22 | Arbuckle 3,501
3-22-12
Snider............. 1936 | 400 25,468 | 358,899 3 | Simpson 3,362
3-21-11
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TaBLE 3.—Data on o0il and gas pools of Stafford County—Concluded
Pool and bi 1048 (llumu- No. Depth
ool an is- ative pro- . to pro-
location of covery ér:a, produc- | production|ducing PI‘OdlIIIClIlg ducing
discovery well year | 2CTe8 tion to end of | wells zone zone,
1948 feet
01l production, barrels
Snider South....... 1938 | 580 | 109,080 813 ,461 | 12 | Simpson 3,402
16-21-11 Arbuckle
Spangenberg. ... ... 1943 | 40 9,478 | 62,601 | 1 | Arbuckle 3,691
21-22-12
Stafford............ 1940 800 | 232,176 (2,485,196 | 21 Viola 3,836
15-24-12 Arbuckle 3,945
Syms.............. 1943 120 28,512 99,930 2 | Arbuckle 3,580
20-21-12
Syms East......... 1947 40 2,418 2,418 1 | Arbuckle 3,565
21-21-12
Van Lieu........... 1943 120 13,858 174,241 3 Arbuckle 4,069
20-24-13
Zenith-Peace Creek | 1937 (8,500 | 442,668 |18,593,380 | 215 Viola 3,860
23-24-11
Gas production, thousand cubic feet
Bradbridge......... 1948 | 100 | None None 0 | Arbuckle 4,020
6-24-15
Farmington (gas)...| 1948 50 | 201,404 | 201,404 2 | Mississippian | 4,207
27-24-15
Macksville. . ....... 1947 | 160 | 670,710 | 730,691 0 | K. C.-Lans.
3-24-15
O’Connor (gas)..... 1947 160 | None None 0 | Arbuckle 4,061
16-24-15
Zenith-PeaceCr.(gas)| 1937 | 340 | 485,240 |.......... 0 | Viola 3,860

23-24-11
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The Trapp pool in Barton and Russell Counties, which produced
10,385,385 barrels of oil in 1948 (4,838,554 in Barton County), at
present is the largest producer in Kansas. However, its cumulative
production, roughly 100 million barrels (about 38 million in Barton
County) is only about half as great as the cumulative production
of the much older El Dorado pool in Butler County. The Kraft-
Prusa pool, located almost entirely in Barton County, is the second
largest producing pool in the State at the present time. The Silica
pool, mostly in Barton County but about one-sixth of which lies in
Rice County, is the fourth largest producer in the State, and is third
—next to the Trapp pool—in cumulative production.

A few pools in the two counties have been abandoned. Both the
names and the areas of these have been omitted from the tables.
The Salt Marsh and Smallwood pools in Stafford County were dis-
covered and abandoned in 1948.

Figures 6 and 7 show the locations of all oil and gas pools in
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Barton and Stafford Counties that were producing in 1948. Wildcat
wells also are shown, although many “extension” wells drilled within
2 miles of pool boundaries, classed as wildecats by some oil men,
have been omitted to avoid confusion.

Extent and value of production—During 1948 Barton County
produced 21,897,415 barrels of oil and 6,127,946,000 cubic feet of
natural gas; Stafford County produced 4,586,702 barrels of oil and
1,357,354,000 cubic feet of gas.

For some years Barton County has been the largest oil producer
in the State. As the gravity of the oil, which determines its value,
differs among the numerous pools, it is not possible to calculate
exactly the value of oil produced in a given county. If the average
value of oil produced in Kansas for the year, and the approximate
value of natural gas at the wellhead are applied to the production
in Barton and Stafford Counties, the totals are impressive, as shown
in Table 4.
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TaBLE 4 —Approzimate value of oil and gas produced in Barton and Stafford
Counties during 1948

: Approximate | County total
CouNTY Production value value
Barton. . ... Oil (bbls.)........ 21,897,415 | $56,714,300
$57,041,532
Gas (M cu. ft.).... 6,127,946 327,232
Stafford....| Oil (bbls.)........ 4,586,702 | 11,879,558
11,952,041
Gas (M cu. ft.).... 1,357,354 72,483

The above figures indicate that oil production is important in
the economy of these two Kansas counties.

CERAMIC MATERIALS
BY NORMAN PLUMMER

The clays of the Dakota formation that occur in Barton County
are suitable for several ceramic uses. Although these clays are
exposed over a relatively small area, the amount of clay available
totals several million tons. The most important clay area in Barton
County is in the north half of T. 19 8., R. 13 W, and in the south
half of T. 18 8., R. 13 W., between Great Bend and Hoisington.

The clays of the Dakota formation fire to colors ranging from
nearly white to dark red. The clays firing to the lighter colors vary
widely in other characteristics, ranging from highly plastic ball
clays to extremely siliceous fire clays. Almost all these clays are
refractory, having a pyrometric-cone equivalent between cone 26
and cone 30. The more plastic clays have a relatively high drying
shrinkage and low firing shrinkage. The siliceous clays have rela-
tively low shrinkages in both drying and firing and tend to be open-
burning or rather porous at high temperatures. Optimum tem-
peratures for firing the clays range from about cone 04 (1940° F.) to
cone 14 (2550° F.). Individual clays have a long firing range which
is seldom less than 200° F. and in many cases is as much as 400° F.
The workability of the clays is good if they are neither extremely
plastic nor siliceous. Suitable working properties can be obtained
by blending the two types of clay.

The refractory clays are suitable for use in the manufacture of
fire bricks and other refractory shapes. The white- to buff-firing
clays are also excellent materials for use in the manufacture of face
bricks, tiles, and pottery. '



36 Geological Survey of Kansas

Red-firing clays also occur in the Dakota formation, and in most
places in Barton County are found underlying the lighter-firing
clays. The red-firing clays differ from white to buff-firing clays
chiefly in that they contain a much higher percentage of iron oxide.
Owing to the fluxing action of the iron oxide, these clays are less
refractory and require somewhat lower temperatures for firing

r “burning.” Maturing temperatures for red-firing clays range
from about cone 05 (1900° F.) to cone 9 (2345° F.). Like the
lighter-firing clays, the red-firing clays have a long firing range;
that is, any one sample of clay can be expected to fire to a sound
product over a range of 200° to 400° F. This is a decided advantage
in the manufacturing process in that a variety of colors can be
obtained within this range of temperatures, and close controls need
not be maintained on the kilns.

One ceramic plant is now using Barton County clay. The Great
Bend Brick and Tile Company started production in the latter
part of 1947 and is now producing about 800,000 buff face brick
monthly, or the equivalent in structural tile. Clay samples numbers
1, 2, and 4, for which data are given in Table 5, were taken from the

TasLe 5—Ceramic properties of clays of the Dakota formation in Barton
County, Kansas

Tests by Norman Plummer in ceramics laboratories of the
State Geological Survey of Kansas

Sample number
1 2 3 4

Water of plasticity, percent............. 19.0 17.7 21.8 14.9
Linear drying shrinkage, percent........ 5.2 3.7 5.8 4.3
Fired color at cone 3*.................. ItB Cr Br Pr
Linear firing shrinkage at cone 3, percent 1.2 0.6 4.6 1.2
Total linear shrinkage, percent.......... 6.4 4.3 11.7 5.5
Absorption, percent................. ... 10.9 12.9 4.7 9.1
Apparent porosity, percent. ............ 21.7 25.0 10.6 18.7
Apparent specific gra.vxty ............... 2.54 2.59 2.52 2.52
Bulk specific gravity................... 1.99 1.94 2.25 2.05
Hardness, as tosteelt.................. S S H S
Firing range, cones. . .................. 3-8 4-9 044 3-7

1. Composite of 22 feet of clay of the Dakota (SW sec. 21, T. 18 S., R. 13 W.)

2. Composite of 17 feet of clay of the Dakota (SW sec. 21, T. 18 S., R. 18 W.)

8. Composite of 19 feet of clay of the Dakota (NE sec. 33, T. 18 S., R. 13 W.)

4. Composite of 15 feet of clay of the Dakota (SW sec. 21, T. 18 S.,, R. 13 W.)

* LtB, light buff; Cr, cream; Br, bright red; Pr, purplish red.

15, softer than steel H, harder than steel.
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site of the clay-plant pit (SW14 sec. 21, T. 18 S., R. 13 W.) for pre-
liminary tests by the State Geological Survey. The table contains
also the results of tests made by the State Geological Survey on a
sample (no. 3) from sec. 33 of the same township.

SAND AND GRAVEL

Thick deposits of sand and gravel are found in the alluvium and
terrace deposits along the Arkansas and Walnut Valleys in Barton
County and in the Meade formation of Stafford and southern Bar-
ton Counties. Sand and gravel of the Meade formation is exposed
at the surface in places along Rattlesnake Creek, the North Fork
of the Ninnescah River, and around Big Marsh; elsewhere the Meade
formation is covered by a few feet to more than 50 feet of dune
sand. Sand and gravel deposits of both counties have been ex-
ploited for use in road surfacing, in concrete, and in gravel-packing
water wells.

LIMESTONE

The top bed of the Greenhorn limestone has been quarried along
its outecrop in the northern and western parts of Barton County and
used as fence posts, bridge stone, and building stone. This bed is
known as the Fencepost limestone. It is a rather hard, slightly
sandy, chalky limestone about 8 inches thick. Because it is rela-
tively free from joints, it can be split by wedges into blocks of the
size and shape desired.

SALT

According to the logs of oil wells drilled in Barton and Stafford
Counties, a bed of rock salt from less than 50 to nearly 200 feet
thick occurs about 1,000 feet below the surface nearly everywhere
in this area. Because of its great depth, the salt in Barton and
Stafford Counties is only a potential resource and is of little eco-
nomic value at present. Thick deposits of salt lie nearer the surface
farther east in Kansas and are being exploited on a large scale.

An attempt was made to manufacture salt at Great Bend in 1888,
when salt was first discovered in a boring there and the Great Bend
Salt Company was formed. Two wells, each 1,400 feet deep, were
drilled into the salt bed. Water was poured into the holes to dissolve
the salt and pumped up as a saturated solution. The salt was then
recovered by boiling and evaporation. The plant at one time em-
ployed 30 people and had a daily capacity of 400 barrels of salt
(Hay, 1889, p. 200). The salt plant was abandoned after a few
years.

About 20 years before the Great Bend Salt Company was formed,
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a small plant was built at Big Marsh in northeastern Stafford
County and utilized salt water from the marsh in the manufacture of
salt (Parker, 1911, p. 47). Salt from this plant was sold locally and
used primarily for curing meat.

VOLCANIC ASH

Volcanic ash is exposed in a small area in sec. 28, T. 25 S., R. 11
W., in southeastern Stafford County. Landes (1928, p. 46) an-
alyzed a sample of ash from this deposit and stated that it was of
very good textural quality. However, the deposit is too small to be
of commercial importance.

The remainder of this report is concerned with ground water,
one of the most important natural resources of this area.

PHYSIOGRAPHY

All of the area herein described lies in the Plains Border section
of the Great Plains province. The total relief of the area is approxi-
mately 370 feet. The highest point, about 3 miles northwest of
Pawnee Rock in southwestern Barton County, has an altitude of
about 2,080 feet, and the lowest point, where Cow Creek leaves the
area, has an altitude of about 1,710 feet. Locally, the maximum
relief is less than 200 feet.

The area may be divided into seven physiographic divisions,
which exhibit differences in topography, drainage, and origin (Fig.
8). These are the Blue Hills upland, Cheyenne Bottoms, Cow
Creek drainage basin, Walnut Valley area, Dry Walnut Valley area,
Arkansas Valley area, and the Great Bend prairie. Descriptions of
each division are given below.

Brue HirLs urPLAND

Most of the northern half of Barton County and two smaller
areas in the west-central and southwestern parts of the county
constitute the Blue Hills upland in this area (Fig. 8). These areas
at one time were joined and were part of an extensive plain that
extended westward and northward. The upland in northern Barton
County is the divide area between the Smoky Hill River and the
Arkansas River. It is a well-drained area that has been deeply
dissected by many northward- and southward-flowing tributaries.
The largest flat areas that remain are only a few square miles in
extent.

The upland in west-central Barton County is a narrow spur be-
tween Walnut Valley and Dry Walnut Valley. Like the upland in
northern Barton County, its surface has been dissected by short
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streams, resulting in a rugged topography. A third upland area
separates Dry Walnut Valley from the Arkansas Valley.

CHEYENNE BorTOoMS

The Cheyenne Bottoms in central Barton County is probably the
most interesting physiographic feature in Barton and Stafford
Counties. It is a basin that is roughly circular and comprises about
60 square miles. It has a flat, featureless surface that slopes very
gently toward the east (Pl. 4, A and B). The bottoms is surrounded
on all but the east and southeast sides by steep-sided bluffs com-
posed of sandstone and clay or limestone. The enclosing wall at
the east and southeast is composed of dune sand and unconsolidated
sand and silt and has gentle slopes.

Blood Creek enters the basin from the west and Deception Creek
and an unnamed stream enter from the north. At the southeast
is a slightly elevated outlet, Little Cheyenne Creek. Although the
elevation of the base of Little Cheyenne Creek is considerably less
than that of the adjoining parts of the enclosing wall, it is some-
what greater than the general level of Cheyenne Bottoms. The
Kansas Fish and Game Commission and the Federal Wildlife
Service have recently acquired title to all the land in the Cheyenne
Bottoms and plan to use it as a wildlife-conservation area. It is
to be made into a large permanent lake by diverting water from
Walnut Creek and Arkansas River into it through a diversion ditch.

Blood Creek originates on the upland in northwestern Barton
County, flows southeastward, and enters Cheyenne Bottoms south
of Hoisington. Downstream from a point about 10 miles above
Cheyenne Bottoms, Blood Creek flows in a relatively flat valley,
one-quarter to 1 mile in width, that is bordered by high, steep-
sided bluffs capped by resistant sandstone or limestone. Above
that point the stream has not yet cut through the limestones of the
Greenhorn limestone and Carlile shale and the valley is V-shaped.

Deception Creek and its tributaries are short streams that enter
Cheyenne Bottoms from the north. Deception Creek has a pecu-
liarly shaped valley that is unusually wide for its length. The
valley is 1 to 114 miles wide and extends about 4 miles upstream.
Its surface is uneven and slopes toward the stream from each side.

Cow CREEK DRAINAGE BasiN

This physiographic division comprises the area in east-central
Barton County drained by Cow Creek and its tributaries. It is a
well-drained area intermediate in level between the uplands on the
north and west and the Arkansas Valley on the south. The sur-
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Prate 5—A, Grass-covered sand hills in northeastern Stafford County,
looking south from the cen. N. line NW¥4 sec. 3, T. 21 S,, R. 11 W. B,
Bare sand dunes in the NE% sec. 30, T. 21 S., R. 11 W, Stafford County.
C, View looking east across the Cow Creek drainage basin. The City of
Claflin can be seen in the distance at the right. Taken from the SW cor.
SE sec. 35, T. 17 S, R. 12 W., Barton County.
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face in most of the Cow Creek drainage basin is underlain by
soft silt. Erosion of the soft silt by Cow Creek and a well-devel-
oped network of tributaries has produced a rolling topography
having moderate to gentle slopes (Pl. 5C).

Included in this division is the small area of sand hills southwest
of Claflin that covers about 8 square miles. The sand hills are
bordered on the northwest by the Blue Hills upland and on
the west by Cheyenne Bottoms. To the east and south the
boundary of the sand hills is not sharp, for there the sand hills
merge gradually with the surface of the Cow Creek drainage
basin. This area is characterized by typical sand-dune topography
having moderate slopes and hills separated by small basins. Its
indefinite eastern boundary is shown in Figure 8 by means of a
dashed line.

Cow Creek, which originates south of Beaver in northeastern
Barton County, flows southeastward following a course that is
roughly parallel to Arkansas River, joining Arkansas River at
Hutchinson. In the lower part of its course in Barton County, Cow
Creek is a perennial stream. Its valley proper consists only of
a flood plain and is everywhere less than a quarter of a mile wide.
With the exception of Little Cheyenne Creek, all of Cow Creek’s
tributaries of any size enter from the north. Little Cheyenne
Creek heads near the southeast edge of Cheyenne Bottoms and
enters Cow Creek on the south side near the Barton-Rice County
line. Little Cheyenne Creek is perennial throughout all but the
upper 2 to 3 miles of its course.

WaLNUT VALLEY AREA

The Walnut Valley area comprises Walnut Valley proper and
a broad terrace bordering the north side of the valley. Walnut
Creek originates on the High Plains in Lane County about 85 miles
west of Barton County. It follows a general easterly course through
Ness and Rush Counties and enters Barton County at about the
middle of the west county line. From there it flows east-south-
eastward and joins Arkansas River 4 miles below Great Bend.

A few miles below Heizer, Walnut Valley joins Dry Walnut
Valley and Arkansas Valley to form a wide valley plain in the
vicinity of Great Bend. This valley area common to three streams
is included in the Arkansas Valley area.

Above this valley plain, Walnut Creek flows in a relatively flat val-
ley that is from about three-fourths of a mile to almost 2 miles in
width. Walnut Valley is bordered along its south side by high steep-
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sided bluffs capped by the Greenhorn limestone. A terrace from less
than a mile to about 3 miles wide borders the north side of Walnut
Valley in Barton County (Pl. 4C). The edge of this terrace lies
10 to 20 feet above the floor of Walnut Valley proper. Its surface
slopes gently upward to the north and is terminated in most places
by a low but conspicuous bluff formed by the Greenhorn limestone.
In some places, particularly in the eastern part of the terrace area,
the surface of the terrace merges gradually with the upland sur-
face and there is no distinct topographic break between the two.
Most of the terrace area is well drained by tributaries of Walnut
Creek, although there are a few flat, poorly drained areas north
and northwest of Heizer.

Dry WaALNUT VALLEY AREA

This area includes the valley area occupied by Dry Walnut Creek
and its tributaries. Dry Walnut Creek heads in southern Rush
County about 10 miles west of the west Barton County line and fol-
lows a general easterly course to its junction with Walnut Creek
northwest of Great Bend in south-central Barton County. In the
lower 9 miles of its course Dry Walnut Creek flows across the Ar-
kansas Valley. Above this point, Dry Walnut Creek occupies a
valley about 2 miles wide with many broad reéntrant valleys oc-
cupied by tributary streams.

The numerous tributaries entering Dry Walnut Creek in this
area have formed an uneven valley floor that has a general slope
toward Dry Walnut Creek from both sides. Dry Walnut Valley
is bordered on both the north and south by low terraces, the surfaces
of which have been dissected by many tributary streams.

ARKANSAS VALLEY AREA

The Arkansas Valley area includes the present flood plain of Ar-
kansas River and associated low terraces bordering the flood plain.
Arkansas River rises in the Rocky Mountains in central Colorado
and follows an easterly course through eastern Colorado and west-
ern Kansas to a point in eastern Ford County, where it turns and
flows northeastward. The river continues its northeasterly course
into southern Barton County, where it again changes direction and
flows southeastward. The Arkansas enters Barton County about
5.5 miles east of the southwest corner of the county and leaves the
county at a point about 3 miles north of the southeast corner of
the county. It reaches its northernmost position midway between
Great Bend and Ellinwood, where it is about 6.5 miles north of the
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south Barton County line. The course of Arkansas River in this
area is part of the large and unusual bend it makes in passing from
eastern Ford County to Wichita. The average gradient of the
river as it crosses Barton County is about 6 feet to the mile.

The width of the Arkansas Valley, including a low terrace along
the north side, ranges from about 2 miles at Dartmouth to about 8.5
miles near the east Barton County line. The width of the valley in-
creases from about 3 miles at Pawnee Rock to about 6 miles in the
vicinity of Great Bend where the valleys of Dry Walnut Creek and
Walnut Creek join the Arkansas Valley. Below Great Bend the val-
ley narrows to about 2 miles at Dartmouth and again widens to
about 8.5 miles below Ellinwood. The northern limit of the valley is
marked by a distinet bluff except in the area north of Ellinwood
where the Arkansas Valley is bordered by the Cow Creek drainage
basin (Pl. 4D). The rise from the Arkansas Valley to the surface of
the Cow Creek drainage area in many places is so slight that it is
difficult to determine the boundary between the two. Sand hills con-
~ trol the southern limit of the valley, where the slopes in general are
more gentle than those on the north side.

The terrace included in this division occurs along the north side of
the river and lies 5 to 10 feet above the present flood plain. The
edge of the terrace, which is nearly everywhere within a mile of the
river, is distinet and easily identified from Pawnee Rock to a point
about 3 miles above Great Bend and from Dartmouth to the east
county line. In the Great Bend-Dartmouth area, where Arkansas
River is at its northernmost position, the terrace was not observed.
It is possible that the river in this stretch is flowing against the
terrace edge.

GrEAT BEND PRAIRIE

This physiographic division comprises all the country embraced by
the great bend of Arkansas River between Dodge City and Wichita
and includes that part of Barton County lying south of Arkansas
Valley and all of Stafford County. This region seems low because
it is but little above the local base level of Arkansas River. In
reality, however, it is an extension of the High Plains and is not
low with respect to the country north, south, and east of it. The
Great Bend prairie is an alluvial plain which in the greater part of
this area has been covered by wind-blown sand.

Except for a relatively small area between St. John and Macks-
ville and a small area along the North Fork of Ninnescah Creek
southwest of Stafford, this region is characterized by typical sand-
dune topography having moderate slopes and hills separated by
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small basins. Some of the hills stand 50 feet or more above the
depressions. Much of this sandy region is covered by vegetation
and a large part of it is farmed (Pl. 5A). In some parts of the area,
particularly in the northeastern and southwestern parts, there are
relatively large areas of bare sand that will not support much vege-
tation (Pl 5B).

Two salt marshes interrupt the dune topography in northeastern
Stafford County. Big Marsh, in T. 21 S., R. 11 W., covers about
16 square miles and is the larger of the two (Pl 6). The surface of
this marsh seems to be flat, but in reality it slopes gently toward
an intermittent lake near the center of the marsh (Pl. 7C). The

SRR EV e Y g ks ¥ S N
PraTe 6.—Aerial mosaic of Big Marsh in northeastern Stafford County. The
arrow points north and is about 2 miles long. Point of arrow is about 0.2 mile
east of the NE cor. sec. 27, T. 21 S,, R. 11 W. (U. S. Dept. Agric. photographs.)
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Prate 7—A, Rattlesnake Creek, looking downstream from U. S. High-
way 281, about 2.5 miles north of St. John. Note low terrace in right cen-
ter of view. B, Big Marsh in northeastern Stafford County, looking east
from the SW cor. sec. 22, T. 21 S., R. 11 W. Note flat covered with white
precipitate in left center of view and the water draining into the road ditch.
C, Same as B, but looking southwest.
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size of this lake depends entirely on the stage of the water table.
During dry periods when the water table is low, it is completely dry
and its surface is incrusted with a white precipitate (Pl. 7B). Dur-
ing rainy seasons when the water table is high, a shallow lake cov-
ering several square miles is formed. Ditches drain part of the
marsh area so the water is never more than a few inches deep (Pl. 7B
and 7C). Short tributaries lead into the basin of the intermittent
lake from the south, west, and north. A ridge of beach sand borders
the eastern side of the basin. The only outlet from the basin is in
the northeastern part of the marsh area where a short tributary car-
ries the water from the marsh to Rattlesnake Creek.

A smaller marsh occurs about 6 miles southeast of Big Marsh. It
is known as Little Marsh and covers about 1 square mile. During
wet seasons almost the entire area of this marsh is under water
and numerous small hummocks covered by short marsh grasses
extend above the water surface. Unlike Big Marsh, this one has
no surface outlet.

A relatively small but interesting physiographic feature in this
area is the ancient beach ridge that occurs along the east side of
the intermittent lake in Big Marsh. It is not a prominent feature
from the ground and may be overlooked or confused with a dune
ridge by the casual observer visiting this area, but on aerial photo-
graphs it is very prominent (Pl. 6). Its chief interest lies in the fact
that it represents the shore line of a once more extensive lake. The
ridge trends roughly southwest-northeast, is 10 to 15 feet high, and is
from about 250 to 900 feet wide. It presents a nearly straight course
except at the south where it swings westward around the south
end of the intermittent lake. The profile of the ridge in most places
is nearly symmetrical and smoothly rounded. A short tributary
draw entering the basin from the south and the stream that serves
as an outlet at the northeast have cut through the beach ridge,
dividing it into three segments. The north segment of the ridge
is narrow but is fairly distinct. The northern part of the middle
segment has undergone more erosion than other parts of the ridge
and therefore is less conspicuous.

The Great Bend prairie in general is poorly drained. The rainfall
over a large part of this area collects in the numerous basins and
hollows where a part of it seeps into the ground and the remainder
is lost through evaporation and transpiration. Three streams drain
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parts of the area—Rattlesnake Creek, Peace Creek, and the North
Fork of Ninnescah Creek.

Rattlesnake Creek heads in southern Ford County and follows
a general northeasterly course to its junction with Arkansas River
in southwestern Rice County. It enters Stafford County near the
southwest corner, flows northeast to a point north of St. John,
where it turns and flows eastward, passing within a half mile of
Little Marsh. Just beyond Little Marsh, near the eastern edge of
the county, it abruptly turns and flows north for about 8 miles,
where it makes another sharp turn eastward and leaves Stafford
County at a point about 2.5 miles south of the northeast corner.
The tributary that drains Big Marsh joins Rattlesnake Creek where
it makes the bend to the east.

Rattlesnake Creek is a meandering stream that has reached tem-
porary base level (Pl TA). Its average gradient above St. J ohn is
about 7 feet to the mile and below St. John about 4 feet to the mile.
It is a perennial stream from a point a few miles above St. John
to where it turns north near Little Marsh; elsewhere it is intermit-
tent. The valley of Rattlesnake Creek ranges from less than half a
mile to about 2 miles in width and is bordered throughout most
of its course in Stafford County by low, inconspicuous bluffs com-
posed of dune sand. Marsh lands occupy much of the valley below
St. John, especially near the stream, and north of Little Marsh are
numerous small intermittent lakes in the valley. The floor of the
valley seems to be topographically continuous with the surfaces of
both Big and Little Marshes.

Peace Creek is an intermittent stream that heads about 2 miles
west of Stafford and flows northeastward, leaving the county about
2 miles south of Little Marsh. It joins Arkansas River southwest
of Sterling in southern Rice County. A tributary with several
branches rises near the north edge of Stafford and joins Peace Creek
half a mile above the county line. Peace Creek and its tributaries
flow in narrow valleys bordered by low, inconspicuous bluffs.

The North Fork of Ninnescah Creek heads within half a mile of
the south Stafford County line about 12 miles west of the southeast
corner of the county, flows northeastward, and leaves the county
about 6 miles north of the southeast corner. Except for the upper
4 to 5 miles of its course, it is a perennial stream in this area. Its
valley in most places is narrow, with low bluffs having gentle slopes.
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GEOLOGY AND ITS RELATION TO GROUND WATER *

STRATIGRAPHY OF Rock FoORMATIONS *

All the rocks that crop out in Barton and Stafford Counties are
of sedimentary origin and range in age from Cretaceous to Recent.
Outecrops of the formations are shown on Plate 1. The oldest Cre-
taceous rocks exposed at the surface are lower Cretaceous (Coman-
chean) in age and comprise part of the Kiowa shale. The Upper
Cretaceous (Gulfian) is represented by the Dakota formation,
Graneros shale, Greenhorn limestone, and Carlile shale, which are
exposed in the upland areas of Barton County. ‘“Algal limestone”
in the Ogallala formation of Tertiary age, locally caps Upper Cre-
taceous formations in parts of Barton County.

Undifferentiated deposits of silts, sands, and gravels of early
Pleistocene age are exposed in a comparatively small area in north-
western Barton County. Also unconsolidated deposits of silt, sand,
and gravel (Meade formation) of early Pleistocene age cover the
eroded surface of the Cretaceous and, in some areas, Permian rocks
in southern Barton and all of Stafford Counties. These deposits
are exposed along Rattlesnake Creek and the North Fork of Ninnes-
cah Creek in southern Stafford County. Later Pleistocene silts,
sands, and gravels (Sanborn formation) underlie parts of the up-
land in southern Barton County, the Cow Creek drainage basin,
and terraces along Walnut and Dry Walnut Creeks. Quaternary
dune sand covers the surface in most of Stafford County and south-
ern Barton County, and alluvium underlies the surface of the
larger stream valleys and Cheyenne Bottoms.

Information on the unexposed rocks that lie beneath Barton

and Stafford Counties has been obtained from test holes drilled
" during the course of the investigation, from logs of oil and gas test
wells, and from exposures of these rocks in other areas. They in-
clude sandstones, siltstones, and shales (Cheyenne sandstone) of
Lower Cretaceous (Comanchean) age that underlie the Kiowa shale
over most of this area; and Paleozoic limestones, dolomites, and
shales with lesser amounts of sandstone, gypsum, anhydrite, and
salt that are encountered beneath the Cretaceous deposits.

A generalized section of the geologic formations of this area is
given in Table 6. The locations of the 106 test holes drilled by the
State Geological Survey during the course of the investigation are
shown in Figure 9. Geologic cross sections based on these test
holes are shown in Figure 10 and Plate 3.

* The stratigraphic nomenclature 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.
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Pre-PErMIAN RocCKks

Pre-Permian rocks are not exposed in Barton and Stafford
Counties, and their nearest outcrops are in the eastern part of the
state, more than 100 miles east of the area under consideration.
Knowledge of the character and distribution of these older rocks
in central Kansas has been obtained by various geologists by study-
ing the samples and logs of the deep oil wells that have been
drilled in this area. The discussion of the Pre-Permian rocks in
Barton and Stafford Counties that is given below is based mostly
on data obtained from Wallace Lee (oral communication), geologist
of the Federal and State Geologic Surveys, but in part on reports
by Moore and Jewett (1942), Koester (1935), and Ver Wiebe
(1938).

The oldest rocks encountered by deep drilling are granite, schist,
gneiss, and other types of igneous and metamorphic rocks of Pre-
Cambrian age. These rocks form the “basement” of Kansas, and
in Barton and Stafford Counties they are encountered at depths
ranging from about 3,500 feet to about 5,000 feet below the surface.
Unconformably overlying the Pre-Cambrian “basement” rocks are
sandstone, sandy dolomite, and dolomite (Arbuckle group and

A A
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2000— ' gmee——a

Pleistocene
(Undifferentiated)

1900

Feet abose sea leve!

1850.

'
B B
16-15-9cc 16-15-2laa

Rush County

Barton County

1850

Scale in miles

F16. 10.—Geologic cross sections of Tertiary deposits in northwestern Barton
County, along lines A-A’ and B-B’ in Figure 9.
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Lamotte sandstone) of Cambrian and Ordovician age, the oldest
sedimentary rocks in this area. They are missing entirely in parts
of west-central Barton County and attain a thickness of more than
600 feet in southern Stafford County. The Arbuckle group is one
of the most important oil-producing zones in this area.

Rocks of Ordovician age include the Simpson group and the Viola
limestone. The Simpson group, which consists of green shale and
sandstone, occurs only in the southern half and along the eastern
edge of Stafford County where it is generally less than 100 feet
thick. Oil has been found in the Simpson group in northeastern
and south-central Stafford County. The Viola limestone is found
only in the southern two-thirds of Stafford County. It lies on the
Simpson group in the southern half of the county and overlaps onto
older rocks of the Arbuckle group to the north. The thickness of
the Viola limestone in this area is everywhere less than 100 feet
and in most places is less than 50 feet. It is an important oil-
producing formation in the Stafford-Zenith area.

No strata of Silurian age have been encountered in Barton
and Stafford Counties. The Chattanooga shale of Mississippian
or Devonian age unconformably overlies the Viola limestone in
southeastern Stafford County but is missing elsewhere. The thick-
ness of the Chattanooga shale is 100 feet.or less. Mississippian
limestone and shale having a thickness of 75 feet or less are present
in approximately the southeast quarter of Stafford County. These
strata overlie the Chattanooga shale where it is present and over-
lap the older Viola limestone to the north. ;

Pennsylvanian rocks, consisting predominantly of limestone and
shale, underlie the entire area under consideration. They range
in thickness from about 1,200 feet in Barton County to 1,400 feet
in southern Stafford County. Their base is marked by a prominent
unconformity. In southeastern Stafford County, Pennsylvanian
strata lie above Mississippian rocks; in west-central Barton County
they lie on Pre-Cambrian rocks; elsewhere, they are found on Cam-
brian or Ordovician rocks. The Pennsylvanian System includes the
important oil-producing rocks of the- Kansas City and Lansing
groups.

PermiaN Rocks

The Cretaceous rocks, and locally Pleistocene rocks, in Barton
and Stafford Counties rest upon an eroded floor of Permian sedi-
mentary rocks—the oldest sediments penetrated in test holes put
down during the investigation. Rocks of Permian age are not ex-
posed in this area; their nearest outcrops are to the east in eastern
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Rice County and southern Reno County. They are encountered in "
Barton and Stafford Counties at depths ranging from about 75 feet
in northeastern Stafford County to 500 feet or more in parts of
northern Barton County and are between 1,500 and 2,000 feet thick.

The upper part of the Permian System (Guadalupian-Leonardian
Series) is chiefly nonmarine in origin and is composed of red silt-
stone, shale, and sandstone with lesser amounts of salt, gypsum, an-
hydrite, limestone, and dolomite. The salt beds in this area are from
less than 50 feet to about 200 feet thick and are encountered about
1,000 feet below the surface (Bass, 1926, p. 90). The lower part
of the Permian system (Wolfcampian Series) is largely marine
in origin and is composed chiefly of limestone, dolomite, and shale
but also contains some sandstone and anhydrite.

No wells obtain water from Permian rocks in Barton and Stafford
Counties. Adequate supplies of water are available to wells in
most places from rocks overlying the Permian. Furthermore,
water obtained from Permian rocks in this area probably would be
too highly mineralized for most ordinary uses. A sample of water
collected from test hole 22-11-5de3, which penetrated Permian
rocks in sec. 5, T. 22 8., R. 11 W., northeastern Stafford County,
contained 8,688 parts per million of dissolved solids and 4,730
parts of chloride, and had a total hardness of 1,386 parts (analysis
22-11-5dc3, Table 10).

CRETACEOUS SYSTEM

Rocks of Cretaceous age having an aggregate thickness of more
than 500 feet overlie the eroded surface of Permian rocks in Barton
County and most of Stafford County. Approximately the lower
four-fifths of the Cretaceous section in this area consists of clay,
shale, and sandstone and represents the Comanchean Series (Chey-
enne sandstone and Kiowa shale) and lower part of the Gulfian
Series (Dakota formation and Graneros shale). The upper part
of the Gulfian (Greenhorn limestone and Carlile shale) consists
chiefly of limy sediments including calcareous shale, thin chalk
beds and chalky limestone.

The Cheyenne, Kiowa, and Dakota formations in central and
south-central Kansas have been discussed at some length in re-

cent reports by Plummer and Romary (1942), Swineford and
Williams (1945), and Latta (1946).
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COMANCHEAN SERIES

Cheyenne Sandstone

The Cheyenne sandstone is not exposed in the Barton-Stafford
County area, but was penetrated by several test holes drilled
during the course of the investigation and by many oil wells at
depths ranging from less than 50 feet near the outcrop of the
Kiowa shale in northeastern Stafford County (Pl. 1) to more
than 350 feet in central Barton County. It is absent in north-
central and northeastern Barton County because of non-deposition
and in much of eastern Stafford County where it was removed by
erosion after the Cretaceous Period. Elsewhere, the Cheyenne
overlies Permian rocks and is from a featheredge to more than
100 feet thick. The maximum known thickness in this area is 134
feet and was encountered in test hole 19-14-17bb about a mile
southwest of Heizer.

The nearest outcrop of the Cheyenne sandstone is in the type
area near Belvidere in southeastern Kiowa County. There it has
an average thickness of about 45 feet and consists principally of
light-colored fine- to medium-grained, friable, cross-bedded sand-
stone and lenses of sandy shale and conglomerate (Latta, 1946,
p. 235). The material penetrated by test holes and oil wells in
Barton and Stafford Counties was principally white to light-gray
siltstone and white to light-gray, light pale-green, light gray-green,
and gray-green, friable to tightly cemented, very fine to medium-
grained sandstone. Beds or lenses of light-colored sandy clay and
sandy shale are interbedded with the siltstone or sandstone, and
pyrite and carbonaceous material are not uncommon.

So far as is known, no wells in Barton and Stafford Counties ob-
tain water from the Cheyenne sandstone. Water from this forma-
tion probably would be highly mineralized. Sometime prior to 1900,
a deep test well was drilled near Great Bend. At a depth of 344
feet, which would be in the Cheyenne sandstone, flowing water was
encountered. The well is reported to have had a flow of 10 gallons
a minute, but the water was too salty to be used (Darton, 1905, p.
291). Flowing water was also encountered in the Cheyenne sand-
stone in test hole 19-14-17bb in the NW14 sec. 17, T. 19 8., R. 14 W.
A sample of this water was analyzed for chloride and found to con-
tain 33,000 parts per million.

Kiowa Shale

The Kiowa shale is the oldest formation exposed in Barton and
Stafford Counties (Pl. 1). It is exposed in the bluff of the Arkansas
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Valley along the Barton-Rice County line in the eastern parts of
secs. 1 and 12, T. 20 8., R. 11 W., where about 50 feet of tan to
brown sandstone is exposed, and in a small area in the northwestern
part of T. 22 8., R. 11 W., northeastern Stafford County, where it
consists of dark-colored fossiliferous shale and brown sandstone.
It is encountered by test holes and oil wells beneath younger de-
posits in all but the extreme southeastern part of Barton County
and in most of the western half of Stafford County. Elsewhere, it
was removed by post-Cretaceous erosion except for a small area sur-
rounding its outerop in northeastern Stafford County. The Kiowa
shale is underlain by the Cheyenne sandstone everywhere but in the
north-central and northeastern parts of Barton County, where it
overlaps the Cheyenne and rests unconformably on Permian rocks.
It is overlain conformably by the Dakota formation or unconform-
ably by unconsolidated silt, sand, and gravel of Quaternary age.

The full thickness of the Kiowa shale in Barton and Stafford
Counties ranges from about 90 feet in north-central Stafford County
to a known maximum of 168 feet in central Barton County (log 18-
13-34cc). In northern Barton County its thickness probably does
not exceed 125 feet. Frye and Brazil (1943, p. 20) report that the
thickness of the Kiowa shale does not exceed 100 to 125 feet in
Russell County, and Fent (1950, p. 60) reports its thickness in Rice
County as ranging from 95 to 130 feet.

The Kiowa shale is predominantly marine in origin and consists of
light- to dark-gray, blue-gray, and black shale, sandstone lenses,
and thin beds of limestone. The shale generally is sandy or is in-
terbedded with thin layers of sandstone. Sandstones in the Kiowa
are white to gray and yellow-brown and are fine- to medium-grained.
Thin hard beds composed of gray to white calcareous or quartzitic
sandstone or gray to gray-white sandy limestone were encountered
in the lower part of the Kiowa shale in most of the test holes drilled
in the Barton-Stafford County area. In a few test holes the drill
was unable to penetrate these hard beds. Pyrite, gypsum, shell
fragments, and cone-in-cone calcite are common in the Kiowa and
lignite is rarely present.

The contact of the Kiowa shale and the overlying Dakota forma-
tion is difficult to distinguish in many places for the two formations
are conformable and gradational. Lithologic types common to the
upper part of the Kiowa shale are also common to the lower part of
the Dakota formation. Where similar lithologic types of the two
formations are in contact, it is generally impossible to identify the
formational boundary. In a few test holes (18-11-13dd, 19-14-17bb,
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and 20-14-5cc) in Barton and Stafford Counties, it was not possi-
ble to mark the contact and, therefore, the Kiowa shale and Dakota
formation are shown together on the logs of these test holes and in
the cross sections.

The Kiowa shale, which consists chiefly of materials having low
permeability, is a poor water-bearing formation. Some water
could be obtained by wells from the sandstone lenses, but in most
of the area such water probably would be highly mineralized. Test
hole 20-14-5cc in the SW cor. sec. 5, T. 20 8., R. 14 W., in south-
western Barton County, encountered artesian water in the Kiowa
shale at a depth of 286 feet that was under sufficient pressure to
cause it to flow at the surface. A sample of the water was analyzed
and found to contain 28,300 parts per million of chloride. Record
was obtained of only one well (20-11-12ad) in this area that taps
the Kiowa. This well penetrates sandstone and is located in the
outcrop area of the Kiowa shale in southeastern Barton County. It
is an unused well, 51.5 feet deep, that was formerly used to supply
water for drilling an oil well.

GULFIAN SERIES

Dakota Formation

The Dakota formation is composed of alternating beds of vari-
colored clay, shale, siltstone, and sandstone, in which siderite, hem-
atite, and limonite are abundant. Lignite and thin beds of brown
“ironstone” are also commonly found in the formation (Pl. 8B).
Pyrite, which is abundant in the underlying Kiowa shale, is much
less common in the Dakota formation,

Clay is the dominant type of rock in the Dakota formation and is
light to dark gray, white, tan, brown, yellow, and red. White, gray,
yellow, tan, and brown fine- to coarse-grained sandstone occurs as
thin beds in the clay and as lenses ranging from a few feet to more
than 30 feet in thickness. There is no regularity in the occurrence
of the thick sandstone lenses. They are discontinuous bodies that
may be encountered in any part of the formation. Although clay
is more abundant, the sandstones of the Dakota formation are more
prominent in the areas of outerop because of their greater resistance
to erosion (Pl. 8A).

Plummer and Romary (1942) subdivide the Dakota formation
into two members, the Janssen clay member above, and the Terra
Cotta clay member below, and give complete descriptions of each.
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Prate 8—A, Sandstone of the Dakota formation above Pawnee Rock in
the NE% sec. 33, T. 20 S.,, R. 15 W., Barton County. B, Clay and thin
beds of sandstone and “ironstone” of the Dakota formation. Road cut
along U. S. Highway 281 in the SW4 sec. 21, T. 18 S., R. 13 W., Barton
County. C, A part of the Graneros shale. South bluff of the Smoky Hill
Valley in the NE% sec. 19, T. 15 S,, R. 15 W., Russell County, about 3
miles north of northwest corner of Barton County.
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No attempt was made to differentiate these members in the Barton-
Stafford County area.

The Dakota formation is 200 to 300 feet thick in the subsurface
in the northern part of the area where the formation occurs in its
full thickness. It is exposed along both sides of Blood Creek Valley,
in the bluffs on the northern, northeastern, and southwestern sides
of Cheyenne Bottoms, along the west side of Cow Creek west of
Claflin, along the south side of Walnut Creek Valley, in three small
areas north of Pawnee Rock, and in two small areas along the
north bluff of Arkansas Valley between Great Bend and Dartmouth
(Pl 1). Only a small part of the total thickness is exposed at any
one of these places. The formation is not exposed anywhere in Staf-
ford County.

The Dakota formation lies conformably beneath the Graneros
shale or unconformably beneath Quaternary silts, sands, and gravels
in all but the southeastern part of Barton County, where it has been
removed by erosion. Less than 50 feet of the Dakota unconform-
ably underlies the Meade formation in extreme northwestern Staf-
ford County. Elsewhere in that county it has been completely re-
moved by erosion (Fig. 11).

The Dakota formation is the chief source of water in the upland
areas of Barton County. The quantity of water available from this
formation is quite variable and cannot be determined with certainty
at any locality without test drilling. Wells that tap only the thin
fine-grained sandstones have very small yields, whereas those that
penetrate the thicker coarser-textured sandstone lenses have yields
ranging from a few gallons a minute to a few hundred gallons a
minute. About a third of the recorded wells in Barton County
obtain water from the Dakota formation. Most of these are do-
mestic and stock wells, but five (wells 18-11-4ad1, 18-11-4ad2, 19-
11-31bb, 19-11-31bdcl, and 19-11-31bdc2) are city-supply wells and
two (wells 16-13-8aa and 16-13-18aa) are industrial wells (Table
12). The Cities of Claflin and Ellinwood obtain their water supplies
from wells penetrating thick sandstones of the Dakota formation.

The quality of the water from wells tapping the Dakota differs
considerably; some wells yield water of good quality, whereas
water from other wells is too highly mineralized to be suitable for
ordinary uses. The analyses of 29 samples of water from the Dakota
formation are given in Table 8. These samples contained 305 to
6,323 parts per million of dissolved solids, and their hardness
ranged from 29 to 626 parts per million. Seven of the 29 samples
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F1e. 11.—Approximate distribution of the bedrock formations in
Barton and Stafford Counties, Kansas.
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contained more than 1,000 parts of chloride and many of them
were high in fluoride and iron.

Graneros Shale

The Graneros shale consists of 30 to 40 feet of light- to dark-gray,
blue-gray, and brown noncalcareous shale overlying the Dakota
formation and overlain by the Greenhorn limestone. The shale
contains selenite and pyrite and has thin yellow streaks of iron
sulfate along bedding planes and joints. Thin beds of brown to
dirty-white fine-grained sandstone occur in the formation in some
areas and, locally, thin beds of hard, sandy fossiliferous limestone
occur near the top of the formation. The Graneros shale is poorly
exposed in the central, west-central, and southwestern parts of Bar-
ton County where it forms a gentle slope beneath the more resistant
beds of the Greenhorn limestone. In most places in the outerop
area, exposures of the Graneros shale are obscured by soil. Better
exposures of the formation are found in parts of Russell County
(PL. 8C). In Barton County the Graneros shale is found in the
subsurface beneath the Greenhorn limestone, or beneath Quaternary
sediments in narrow belts adjacent to the Greenhorn, but is not
present anywhere in Stafford County (Fig. 11).

Where the Graneros shale is sandy, it probably would yield small
supplies of water to wells; but in most places, because of the low
permeability of the shale, it would yield little or no water to wells.
None of the wells visited in Barton County yield water from this
formation,

Greenhorn Limestone

The Greenhorn limestone underlies the surface or is found beneath
the Carlile shale in the northern and western parts of Barton
County (Pl. 1). It is 85 to 90 feet thick in this area and consists
of alternating beds of hard chalk and chalky shale containing, in
the lower part, thin beds of hard crystalline limestone. The indi-
vidual chalk and limestone beds are generally less than a foot thick.
On fresh exposures and in test-hole cuttings the chalks, limestones,
and shales are light to dark gray and blue gray in color. Upon
weathering, the color changes to tan, orange tan, or light gray.

Previous workers (Rubey and Bass, 1925, p. 45; and Bass, 1926,
pp. 31-35) have subdivided the Greenhorn into four members, which
from top to bottom are the Pfeifer shale, Jetmore chalk, Hartland
shale, and Lincoln limestone.

The Pfeifer shale member comprises about the upper 20 feet of
the Greenhorn limestone. It consists of chalky shale containing
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Prate 9—A, Contact of the Fairport chalky shale member of the Car-
lile shale and the Pfeifer shale member of the Greenhorn limestone. Con-
tact is at top of the Fencepost limestone bed in center of picture. Note
the thin, flat concretions above and below the contact. In road cut along
U. S. Highway 281 in the NW14 sec. 11, T. 16 S., R. 14 W, Barton County.
B, Contact of the Jetmore chalk member and the Hartland shale member
of the Greenhorn limestone. Contact is at top of dark-colored beds. Bluff
of draw in the SW14 sec. 36, T. 15 S., R. 15 W., Russell County, about 0.2
mile west of northwest corner of Barton County.
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thin beds, 3 to 10 inches thick, of chalk and chalky limestone. At
the top of the member is the Fencepost limestone—a bed of hard
chalk about 9 inches thick that weathers yellow gray or cream and
has a prominent iron-stained median line (Pl. 9A). It has been
quarried for building stone, bridge masonry, and fence posts (Pl.
10C). Several layers of thin, flat concretions occur in the soft
chalky shale underlying the Fencepost limestone bed (Pl. 9A).

The Jetmore chalk member, which underlies the Pfeifer shale
member, consists of about 20 feet of alternating thin chalk beds and
chalky shale. It is capped by a hard, fossiliferous bed of chalky
limestone approximately 1 foot thick. Thin, flat chalky concretions
occur in the shale immediately underlying this capping bed. The
thin chalk beds of this member decrease in thickness downward,
those in the lower part being about an inch in thickness. The
chalky shale beds separating the chalk beds decrease in thickness
from about 2 feet in the upper part to 2 inches near the base.

Below the Jetmore chalk member lies the Hartland shale mem-
ber, consisting of 30 to 40 feet of chalky shale that contains a few
thin beds of chalk and clay (Pl. 9B). The Lincoln limestone mem-
ber, the basal member of the Greenhorn limestone, is about 20 feet
thick and is composed of alternating beds of chalky shale and
chalky limestone (Pl. 10C). Thin beds of hard crystalline lime-
stone occur at the base and top of this member.

A few domestic and stock wells in the northern half of Barton
County derive small supplies of water from the Greenhorn lime-
stone. Most of these are shallow dug wells of large diameter that
tap the near-surface weathered part of the formation, although
some are deeper drilled wells. The yields of most of these wells
are meager. Chemical analysis of a sample of water from well
16-14-2cb, which obtains water from the Greenhorn limestone, is
given in Table 8. The water is hard but otherwise of good quality.

Carlile Shale

The Carlile shale, which conformably overlies the Greenhorn
limestone, has been divided into three members by workers in other
areas—the Codell sandstone member at the top, the Blue Hill shale
member, and the Fairport chalky shale member at the base. Only
a part of the lower, the Fairport chalky shale member, is present
in the area under consideration.

The Fairport chalky shale member forms the surface of most of
the upland area in northern Barton County (Pl. 1). In Russell
County, where the full thickness of the member is present, it is 85

5—3191
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PratE 10.—A, “Algal limestone” in road cut at center of east line sec. 20,
T.17S., R. 13 W, Barton County. B, Silt of the Sanborn formation. Road
cut along west line SW sec. 5, T. 18 S., R. 11 W., Barton County. C, A
part of the Lincoln limestone member of Greenhorn limestone. Road cut
at cen. W. line sec. 32, T. 17 S,, R. 14 W., Barton County. The fence posts
shown were quarried from the Fencepost limestone, the top bed of the
Pfeifer shale member of the Greenhorn limestone.
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feet thick (Rubey and Bass, 1925, p. 40), but only the lower 50
feet or less remains in most of Barton County. Nearly the full
thickness may be present in the vicinity of Galatia where it is
covered by Tertiary sediments. The Fairport is lithologically sim-
ilar to the underlying Greenhorn limestones and consists of chalky
shale and thin beds of chalky limestone (Pl. 9A). Thin, flat con-
cretions similar to those found near the top of the Greenhorn lime-
stone occur in the lower part of the Fairport chalky shale member
of the Carlile shale.

A few wells on the upland in northern Barton County obtain
small to meager supplies of water from the Carlile shale for do-
mestic and stock use. Records of seven such wells (16-11-24ce, 16-
11-27cd, 16-12-12¢b, 16-12-15ad, 16-14-26bbl, 16-15-28ca, and 17-
15-18aa) are given in Table 12. All these are large-diameter dug
wells less than 50 feet in depth. Samples of water from wells 16-
11-27¢d and 16-14-26bb1 contained, respectively, 673 and 2,277
parts per million of dissolved solids, 247 and 440 parts of chloride,
and had hardness of 442 and 1,564 parts.

TERTIARY SYSTEM
PLIOCENE SERIES

Ogallala Formation

In the northern and western parts of Barton County a hard gray-
ish-white arenaceous limestone marked with pinkish irregular con-
centric bands at the top is found capping small hills at widely
scattered localities. At different places, it was found unconform-
ably overlying the Dakota formation, Greenhorn limestone, and
Carlile shale. In most places it is only a few inches thick and is
broken into irregular blocks of different sizes. The greatest thick-
ness noted was in a road cut 0.4 mile south of the NW cor. sec. 21,
T. 17 8., R. 12 W., where it is somewhat more than 3 feet thick
(Pl. 10A). The individual areas underlain by this limestone are
only a few acres in extent, although at one time they probably had
wider distribution. This limestone is believed to be equivalent to
the “Algal limestone” or capping limestone of the Ogallala forma-
tion of other areas (Elias, 1931, pp. 136-141; Frye, 1945, pp. 89-91).
It lies everywhere above the water table and does not yield water
to wells in this area.

QUATERNARY SYSTEM
PLEISTOCENE SERIES

Unconsolidated deposits composed of clay, silt, sand, and gravel
of Pleistocene age overlie the eroded surface of Cretaceous and
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Permian rocks in all of Stafford County, much of the southern half
of Barton County, in the vicinity of Galatia, and in the Cow Creek
drainage basin in east-central Barton County. These materials
comprise undifferentiated early Pleistocene sediments, the Meade
formation, and the Sanborn formation.

Undifferentiated Pleistocene Deposits

Unconsolidated clay, silt, sand, and gravel unconformably over-
lie the Carlile shale and form the surface rock of the upland in
the vicinity of Galatia in northwestern Barton County (Pl. 1).
The area underlain by these deposits is roughly elongate, is 1 to
4 miles wide and about 7 miles long, and trends northwest-south-
east. Nine test holes (16-15-9ce, 16-15-11cc, 16-15-21aa, 16-15-
22dd, 16-15-23aa, 16-15-25cc, 16-15-33aad, 17-14-6bb, and 17-15-
1dd) were put down to determine the character, thickness, and
distribution of these sediments. Geologic cross sections based on
these test holes are shown in Figure 10. Although similar in lithol-
ogy to the Ogallala formation these sediments occupy a lower
topographic position and are believed to represent deposits laid
down by an early Pleistocene stream that crossed this area. Be-
cause of their local extent and the doubt as to their exact age, no
formation name is assigned to them in this report.

In the Galatia area these deposits range from a featheredge
to about 40 feet in thickness. They consist chiefly of light-colored
silt, sandy silt, and clay containing caliche and, locally, thin lenses
of fine to coarse sand. Six of the nine test holes penetrated from
less than 1 foot to 14 feet of poorly sorted granitic sand and gravel
at the base. Some of the gravel is coarse, but it is mostly fine to
medium in texture. Test hole 16-15-25¢cc penetrated about 6 inches
of white, very hard lime-cemented gravel just above the Carlile
shale and below 8 feet of loose sand and gravel.

A few domestic and stock wells in the immediate vicinity of
Galatia obtain water from these early Pleistocene sands and gravels.
A sample of water from well 16-15-15dc¢2, which taps these de-
posits, was analyzed and found to be a relatively soft sodium
chloride water.

Meade Formation

The character of the Meade formation is well shown by the logs
of test holes that penetrated these deposits in Barton and Stafford
Counties, and its distribution and relation to older and younger
deposits are shown by cross sections in Plate 3.
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The Meade formation consists chiefly of sand, gravel, and silt,
the proportions of which differ greatly from place to place. The
materials making up the formation generally are poorly sorted,
and gradations from one lithologic type to another take place with-
in short distances, both laterally and vertically. The sands, gravels,
and silts form lenses that overlap one another irregularly. Some
of the beds have been loosely cemented by calcium carbonate.

The finer materials of the Meade formation are composed mostly
of silt and in general include only small amounts of clay. Test
hole 21-11-36dd in northeastern Stafford County penetrated 21
feet of blue-gray clay between depths of 126 and 147 feet, but
this seems to be an exceptional occurrence. Lenses of sandy silt
ranging in thickness from a few inches to more than 50 feet are
common and are likely to be encountered in any part of the forma-
tion. The color of the silt is tan to brown, buff, yellow, and various
shades of gray. Some of the lenses are very calcareous and are
white to gray.

Interbedded with the silt and sandy silt are thick lenses of
granitic sand and gravel. Beds composed entirely of sand or
gravel are uncommon, but beds composed of a mixture of sand
and gravel in different proportions make up more than half the
formation. Silt is also a common constituent intermixed with
the sand and gravel. The sand ranges in texture from fine to
coarse, and the gravel ranges from fine to very coarse. Pebbles
from 1 to 4 inches in diameter occur with the coarser gravel.
Lenses of cross-bedded sand and gravel ranging in thickness from
a few inches to more than 100 feet may be encountered in any
part of the formation. Most of the material has been derived
from ecrystalline igneous and metamorphic rocks, although pebbles
of Cretaceous sandstone and “ironstone” are common in gravel pits
in Stafford County and were found in the gravels near the base
of the formation in a few test holes. (See logs 21-11-24ce, 22-11-
28be, and 24-11-5aa.)

Caliche in the form of nodular calcium carbonate is common
in the silt, sand, and gravel throughout the Meade formation. Vol-
canic ash, although not common, also occurs in the Meade formation.
A 2-foot bed of ash was penetrated between depths of 135 and 137
feet in test hole 19-10-18bb in sec. 18, T. 19 S., R. 10 W., Rice
County. Ash is poorly exposed in the NW14 SE14 sec. 28, T. 25 S.,
R. 11 W, in southeastern Stafford County. Most of the deposit:
there is covered by dune sand.

The Meade formation is exposed in two areas in Stafford
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County—the one lies west and southwest of St. John and the
other lies south and southeast of Stafford (Pl. 1). Excellent
exposures of the sands and gravels are found in commercial gravel
pits in these two areas. This formation occurs in the subsurface
beneath dune sand or alluvium over all Stafford County and
the southern part of Barton County. It was difficult to differ-
entiate the Meade formation from the alluvium of the Arkansas
Valley; therefore, a dashed line has been drawn separating the two
in the cross sections. The Meade formation also occurs beneath the
Sanborn formation in the lower part of the deep channel north
and northeast of Ellinwood. (See logs 18-11-36aa, 19-11-12aa,
and 19-10-18bb; and section L-L’, Pl. 3.)

The thickness of the Meade formation in this area ranges from
a featheredge to more than 200 feet. Its thickness is controlled
largely by the uneven surface on which these sediments were de-
posited (Fig. 10). It is thinnest in the northwestern part of
T. 22 S, R. 11 W,, and the central and north-central parts of
T. 21 8, R. 18 W., where it overlies buried Cretaceous highs
(PL 3, E-E', G-G, and J-J’). It is thickest in the buried lowland
areas of Stafford County. The greatest thickness penetrated was 210
feet in test hole 25-15-33dd in sec. 33, T. 25 S., R. 15 W, near the
southwest corner of Stafford County. An oil test in sec. 17, T. 22 S,
R. 14 W, in west-central Stafford County, penetrated 205 feet of the
Meade (log 22-14-17baa), and test hole 21-11-36dd at the southeast
corner of T. 21 S,, R. 11 W., encountered 203.5 feet of material that
has been assigned to this formation. In the buried channel north
and northeast of Ellinwood in Barton County, the thickness of
the Meade formation ranges from a featheredge to about 60 feet.

The sand and gravel lenses of the Meade formation are the most
important sources of ground water in Stafford County and southern
Barton County. Most of the domestic and stock wells and all the
irrigation and public-supply wells south of Arkansas Valley derive
water from these deposits, and many of the domestic, stock, irriga-
tion, and industrial wells in Arkansas Valley and the city-supply
wells at Great Bend derive all or a part of their water from the
Meade formation.

The beds of sand and gravel in the Meade formation, particularly
those composed dominantly of gravel, are very good water bearers
and generally yield abundant supplies of water. The yields of wells
tapping these deposits range from a few gallons a minute for small
domestic and stock wells to several hundred gallons a minute for the
larger irrigation, industrial, and public-supply wells. Some irriga-
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tion wells in Stafford County yield 700 to 900 gallons a minute, and
a few irrigation wells in the Arkansas Valley that penetrate both
the Meade formation and alluvium have yields greater than 1,000
gallons a minute.

Waters in the Meade formation, although moderately hard, are in
most places of good quality and suitable for most ordinary uses. In
the vicinity of Big and Little Marshes in the northeastern part of
Stafford County, waters in the Meade formation locally are highly
mineralized and contain excessive concentrations of chloride. In
some places the waters from the middle and upper parts of the for-
mation are of good quality, whereas waters from the basal part of
the formation are highly mineralized. The chemical character of
the waters in the Meade formation are discussed in more detail on
pages 132-134.

Sanborn Formation

The term Sanborn formation was first used in 1931 by M. K.
Elias (p. 163) to describe Pleistocene deposits in northwestern
Cheyenne County, Kansas, that were composed chiefly of loess.
Courtier (1934, p. 34) used the term Sanborn formation in a similar
sense in south-central Kansas, including Stafford County. Since
that time, the term has been used in central Kansas to include not
only loess but also Pleistocene sand and gravel deposits younger
than the Meade formation (Frye and Fent, 1947, p. 42). This latter
usage has been accepted by the State Survey and will be followed
in this paper.

Silt and associated sediments of the Sanborn formatlon underlie
the surface in the following areas in Barton County: (1) the divide
between Cheyenne Bottoms and Arkansas Valley; (2) terraces along
Dry Walnut Valley and the upland divide between Dry Walnut and
Arkansas Valleys; (3) the terrace along the north side of Walnut
Creek; and (4) the Cow Creek drainage basin. The areal distribu-
tion of the Sanborn formation in these areas is shown on Plate 1, and
each area is described in the following paragraphs.

Cheyenne Bottoms—Arkansas Valley divide—The divide area
between Cheyenne Bottoms and Arkansas Valley is from 1 to 3 miles
wide and extends roughly from U. S. Highway 281, north of Great
Bend, to a point northwest of Ellinwood. Unconformably overlying
the Dakota formation in this narrow area is loess or loess-like silt
of the Sanborn formation. The silt is tan, yellow tan, buff, brown,
light to dark gray, or white and contains some fine sand, clay, and
caliche nodules. (See logs 18-13-34cc and 19-12-21bb.) Fragments



72 Geological Survey of Kansas

of “Algal limestone,” Cretaceous sandstone, and “ironstone” are
common at the base of the formation. The thickness of the Sanborn
formation in this area ranges from a featheredge to more than 50
feet (Pl. 3, E-E' and F-F’). The materials making up the Sanborn
here are relatively impervious and would yield little or no water
to wells. As far as is known, no wells in this area derive water from
the Sanborn formation.

Terraces along Dry Walnut Valley and Pawnee Rock upland area.
—The low terraces bordering Dry Walnut Valley and part of the up-
land area that separates Dry Walnut Valley from Arkansas Valley,
here called the Pawnee Rock upland area, are underlain by silt,
sandy silt, and clayey silt of the Sanborn formation. (See logs of
test holes 19-14-17bb, 19-15-5dda, 19-15-11aa, 19-15-12da, 20-15-
2dd, 20-15-4cd, 20-15-5aa, 20-15-22cc, 20-15-28cbb, and 20-15-31aa;
and PL. 3, C-C’ and D-D’.) The silts are tan, buff, brown, and light
to dark gray and contain caliche nodules. Fragments and pebbles
of sandstone, “ironstone,” and limestone are commonly found at the
base of the formation. Test hole 20-15-2dd in sec. 2, T.208,R.15
W., encountered 6 feet of fine sand, clay, and sandstone fragments at
the base of the formation. The deposits of the Sanborn formation
in this area overlie the dissected surface of the Dakota formation,
Graneros shale, or Greenhorn limestone and range in thickness from
a featheredge to about 60 feet.

In part of the Pawnee Rock upland area the Sanborn formation
lies above the water table and, therefore, could not yield water to
wells. In the lower terrace areas along Dry Walnut Valley, how-
ever, the lower part of the formation is saturated and would yield
small supplies of water to wells where the materials making up the
lower part of the formation are sufficiently permeable. Locally, sand
or the zone of sandstone and “ironstone” pebbles and fragments at
the base of the formation will yield water to wells. Well 19-15-32db,
in sec. 32, T. 19 S., R. 15 W_, is the only recorded well known to tap
the Sanborn formation in this area. It is a drilled stock well, 6
inches in diameter and 37 feet deep, in which the measured water
level was 30.2 feet below the ground surface on July 24, 1944.

Walnut Valley terrace area—A terrace ranging from about 0.5
mile to nearly 4 miles in width borders the north side of Walnut
Creek Valley (Pl.1). Also included in this area is the small terrace
remnant south of Walnut Creek and northwest of Great Bend. The
sediments underlying this terrace are in the Sanborn formation and
consist of silt, sandy silt, and clayey silt that contain lenses of sand
and gravel. The character of these deposits is shown by logs 18-
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13-31am, 18-14-14bce, 18-14-15bb, 18-14-17add, 18-14-23add, 18-
14-24dd, 18-14-29aa, 18-14-32aab, 18-15-4cc, 18-15-21bb, and 19-
13-6db, and their relation to other deposits is shown by cross see-
tions C-C’ and D-D’ on Plate 3.

Silt, commonly containing fine sand or clay, is the dominant con-
stituent of the Sanborn formation in the Walnut Valley terrace area.
Many of the silt beds contain caliche in nodular form or as a ce-
menting material. Beds containing much caliche are gray white,
whereas those silt beds containing little or no caliche are light to
dark gray, brown, buff, or yellow. Fragments of Cretaceous sand-
stone and “ironstone” were encountered in the silts in many of the
test holes. Such fragments are most common at the base of the
formation but are also found higher up in the formation. The lower
6 feet of silt at test hole 18-15-4cc, near the north edge of the terrace,
contained granules and pebbles of limestone and much sand.

Lenses of loose sand and fine to coarse gravel ranging from a few
inches to more than 50 feet thick occur interbedded with the silt.
Most of the test holes drilled near the northern edge of the terrace
failed to penetrate any sand and gravel. Most of the holes drilled
within a mile or so of the south edge of the terrace encountered a
single lens of sand and gravel at the base of the formation. Test hole
18-14-32aab, near the south edge of the terrace north of Heizer, en-
countered three distinct lenses of gravel and sand, 3, 9, and 24 feet
in thickness, separated by lenses of silt. According to the driller’s
log, well 19-13-6db at the edge of the terrace in see. 6, T. 19 S., R. 13
W., penetrated 60 feet of sand and fine to very coarse gravel be-
tween 55 and 115 feet. Well 19-13-18db, located on the terrace
remnant south of Walnut Creek, is reported to have penetrated 25
feet of sand and gravel between 55 and 80 feet. The sand and
gravel encountered near the northern edge of the Walnut Valley
terrace is locally derived and composed of Cretaceous sandstone and
“ironstone” grains and granules, whereas the sand and gravel found
elsewhere is chiefly granitic and has been derived from crystalline
igneous and metamorphic rocks. Locally, the sands and gravels
have been tightly cemented by calcium carbonate (logs 18-14-15bb,
18-14-23add, and 19-13-6db).

The Sanborn formation in the Walnut Valley terrace area is more
than 100 feet thick near the south edge and thins to a featheredge
against the Cretaceous bluffs along the northern edge. The greatest
thickness encountered was 134.5 feet in test hole 18-14-29aa, drilled
about 114 miles north of the south edge of the terrace north of
Heizer. Throughout most of the area the Sanborn formation uncon-
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formably overlies the Dakota formation, but it overlaps the Gran-
eros shale and Greenhorn limestone at the north.

Most of the domestic and stock wells in the Walnut Valley ter-
race area derive water from sand and gravel of the Sanborn forma-
tion. Irrigation wells 19-13-6db and 19-13-18db, each having a re-
ported yield of more than 1,000 gallons a minute, also tap these
deposits. Analyses of samples of water from wells 18-14-25cb and
18-14-30cb indicate that waters in the Sanborn formation in this
area are hard and contain excessive iron, but otherwise are of suit-
able chemical quality for most uses.

Cow Creek drainage basin—The Sanborn formation covers an
area of about 85 square miles in the Cow Creek drainage basin in
Barton County, east and northeast of Cheyenne Bottoms (Pl. 1),
and extends to the east and southeast into Rice County. The
material composing the Sanborn formation in this area consists of
silt, clayey silt, sandy silt, and very fine to medium sand (logs
17-11-17ce, 17-11-32cc, 18-11-2dd, 18-11-13dd, 18-11-15ce, 18-11-
19aa, 18-11-20dd, 18-11-24bb, 18-11-31cc, 18-11-36aa, 19-11-Taa,
19-11-12aa, and 18-10-31cc). The silts are tan to brown, light to dark
gray, and white, and contain caliche nodules. Gravel composed of
Cretaceous-derived sandstone and “ironstone” pebbles is commonly
found at the base of the formation. The gravel generally contains
much sand and silt and in most places is less than 10 feet thick. The
greatest thickness of sand and gravel, 20.5 feet, was encountered in
test hole 18-11-15cc at the SW cor. sec. 15, T. 18 8., R. 11 W. Six of
the test holes drilled in this area failed to encounter any coarse ma-
terial in the Sanborn formation other than scattered sandstone or
“ironstone” pebbles in silt near the base of the formation. Surface
exposures of the formation consist entirely of silt (Pl. 10B).

The thickness of the Sanborn formation in the Cow Creek drainage
basin ranges from a featheredge to a known maximum of 138 feet
(PL 3), sees. G-G, H-H’, and L-L’). In most parts of the area it
overlies the eroded surface of the Dakota formation.

Small to moderate supplies of water for domestic and stock use are
available from the Sanborn formation in the Cow Creek drainage
basin. All the recorded domestic and stock wells in this area are
thought to derive water from these deposits. The quality of the
water from the Sanborn formation is indicated by the analysis of
samples of water collected from wells 17-11-31de, 17-11-36¢c, 18-
11-15be, 19-11-6dd, and 19-12-13ad, given in Table 8. The content
of dissolved solids in these samples ranged from 320 to 1,502 parts
per million and their hardness ranged from 270 to 606 parts.
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PLEISTOCENE AND RECENT SERIES

Dune Sand

Dune sand ranging in age from Pleistocene to Recent covers most
of the area in Barton and Stafford Counties south of the Arkansas
Valley and smaller areas north of the Arkansas Valley in eastern
Barton County (PL 1). The dune sand is composed predominantly
of fine- to medium-grained quartz sand and contains minor amounts
of clay, silt, and coarse sand. The sand has been accumulated by
the wind to form low mounds and small hills, some of which are 50
feet or more high (Pl. 5A and 7B).

The dune sand in the Barton-Stafford County area probably is
of at least two ages (Smith, 1937, p. 290). A large part of the area
south of Arkansas Valley is covered by older dune sand which is
semiconsolidated and contains a larger percentage of clay and silt
than does the younger sand. Areas underlain by the older dune sand
have a low, hummocky topography and have a sufficiently well-
developed soil to support vegetation. Such areas are in farms and
are cultivated. The younger dune sand is clean and loose and locally
does not have a protective covering of vegetation. The largest areas
of bare, unprotected sand occur in the northeastern, central, and
southwestern parts of Stafford County. Such areas are subject to
wind erosion.

As far as is known, no wells obtain water from dune sand in
Barton and Stafford Counties. Because the sand is loose and highly
permeable, the sand dunes favor ground-water recharge from local
precipitation.

Marsh and Beach Deposits

Unconsolidated marsh deposits consisting of clay, silt, sand, and
fine to medium gravel that were derived mostly from dune sand,
but in part from the Meade formation and the Kiowa shale, underlie
the flat areas of Big and Little Marshes in northeastern Stafford
County. The maximum thickness of these deposits is not known,
but it probably does not exceed 10 or 15 feet. The upper'1 to 2
feet consists of fossiliferous sandy silt and clay, below which are
layers of poorly sorted silty and clayey fine to coarse sand containing
only minor amounts of fine to medium gravel.

A ridge of beach sand having a maximum thickness of about 15
feet occurs along the east and southeast sides of the intermittent lake
that occupies the central part of Big Marsh (Pl. 1). The beach
sands are composed chiefly of fine to medium sand and are litho-
logically similar to the dune sand from which they were derived.
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They are not as well sorted as the dune sand and contain a larger
percent of silt, clay, and coarse sand. Some medium to fine gravel
is also found locally in the beach sands. The beach sands are gray
to gray tan and have a dirty appearance caused by the silt and clay
in them. Fragments of shells occur sparingly in these deposits.

No wells obtain water from the beach sands, but a few shallow
wells are known to obtain water of very poor quality from the marsh
deposits beneath Big Marsh. Well 21-11-22¢b is the only recorded
well deriving water from marsh deposits.

Alluvium

Alluvium of late Quaternary age occurs in Arkansas Valley, Wal-
nut Valley, Dry Walnut Valley, Blood Creek Valley, Cheyenne Bot-
toms, Cow Creek Valley, Rattlesnake Valley, and North Fork Nin-
nescah Valley (Pl. 1), and in the valleys of many of the smaller
streams. The alluvium in Cow Creek Valley, North Fork Ninnescah
Valley, the upper part of Rattlesnake Valley, and the valleys of
smaller streams is thin and occurs only as narrow bands along the
present channels; therefore, it is not shown on the geologic map. The
alluvium consists of stream-laid deposits that range in texture from
clay and silt to sand and very coarse gravel.

Arkansas Valley—The area mapped as alluvium in the Arkansas
Valley includes those materials underlying the low terrace on the
north side of the river. The edge of this terrace is shown by a dashed
line on the geologic map where it was possible to identify it. The
sediments immediately underlying this terrace deposit are litho-
logically similar to the alluvium but are somewhat older, probably
of late Sanborn age.

The upper 2 to 20 feet of the alluvium in the Arkansas Valley
consists of silt and fine to coarse sand. Beneath these finer surficial
deposits are thick beds of coarse granitic sand and gravel that are
lithologically similar to the sands and gravels of the Meade for-
mation. Because of this similarity, it was not possible to differen-
tiate the alluvium in the Arkansas Valley from the underlying
Meade formation.

The alluvial sands and gravels in the Arkansas Valley are excel-
lent sources of ground water, and wells that tap them yield large
quantities of water. The alluvium is the source of supply for many
domestic, stock, and irrigation wells, and for a few industrial wells.
Records were obtained of 27 wells that tap the alluvium in the Ar-
kansas Valley in Barton County. These include nine domestic wells
(nos. 19-11-33bb, 19-12-26aa, 19-12-28cc, 19-12-31ab, 20-11-2ba,
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20-11-18ba, 20-12-10ab, 20-14-20bc, and 20-15-33db), four stock
wells (nos. 19-12-28da, 20-11-2aa, 20-11-3dd, and 20-14-18dd), one
domestic and stock well (no. 19-11-20bb), seven irrigation wells (nos.
19-11-31be, 19-12-19be, 19-13-29cc, 19-14-22ac, 19-14-32ac, 20-15-
33ad, and 20-15-35bc), two industrial wells (nos. 19-13-33bd1 and
19-13-33bd2), and four wells (nos. 19-11-15¢d, 19-11-24bb, 20-11-
16ab, and 20-14-29cc) that were formerly used to supply water for
oil-well drilling operations. Five additional wells, including four
irrigation wells (nos. 19-14-23bb, 19-14-26¢b, 19-14-32db, and 19-
14-36bb) and one industrial well (no. 19-13-33db), derive water from
both the alluvium and the underlying Meade formation. The yields
of the wells tapping the alluvium in the Arkansas Valley range from
a few gallons a minute to about 1,200 gallons a minute.

The quality of the ground waters in the Arkansas Valley alluvium
is indicated by the analyses (nos. 19-12-28ce, 20-11-2ba, 20-11-18ba,
20-14-20be, and 20-15-33db) of five samples of water taken from
wells that tap the alluvium. The ground water in the alluvium is
hard but otherwise it is suitable for most ordinary uses. The five
samples analyzed contained between 508 and 898 parts per million of
dissolved solids and had between 242 and 450 parts of hardness.
Three of the samples contained less than 0.1 part per million of
iron, and two samples (19-12-28cc and 20-15-33db) contained 0.16
and 0.72 part of iron. The fluoride content of the samples was low.
The chloride content ranged from 24 to 260 parts per million.

Walnut Valley—In Walnut Valley, the upper 20 to 30 feet
of alluvium consists of silt, clay, and sandy silt, beneath which
are thick beds of coarse granitic sand and gravel. Thin lenses
of silt occur locally in the beds of sand and gravel. The thickness
of the alluvial deposits beneath Walnut Valley, as revealed by
test drilling, ranges from about 40 feet to nearly 100 feet. The
alluvium grades into terrace deposits of the Sanborn formation that
border Walnut Valley on the north. The lower part of the valley
fill in some places probably is of late Pleistocene age and repre-
sents the basal part of a cut-and-fill terrace deposit.

The alluvial sands and gravels in Walnut Valley are highly
permeable and wells that tap them yield large quantities of water.
The alluvium is the source of supply for many domestic and stock
wells, several irrigation wells, and two industrial wells. The
yields of wells tapping alluvium in Walnut Valley range from a
few gallons a minute to about 1,000 gallons a minute. The water
is hard but otherwise of good chemical quality.
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Dry Walnut Valley—Test holes drilled in Dry Walnut Valley
penetrated 50 to 125 feet of unconsolidated deposits above the
Cretaceous bedrock. (See logs 19-14-19ad, 19-15-16¢c, 19-15-21cc,
and 19-15-33bb.) Most of this material consists of clay, silt, and
sandy silt containing only minor amounts of poorly sorted silty
sand and gravel. The beds of sand and gravel are generally found at
the base of the alluvial deposits and are thickest where the valley
was cut deepest. Test hole 19-15-33bb on section C-C’' (Pl. 3)
penetrated 50 feet of silt and sandy silt but no course material,
and test hole 19-15-16cc penetrated 84 feet of alluvial material, the
lower 5 feet of which consisted of poorly sorted lime-cemented
silt, sand, and gravel. Test hole 19-15-21cc on the same line en-
countered 106 feet of clay, silt, and sandy silt above 19 feet of
poorly sorted silty sand and fine to coarse gravel.

Many domestic and stock wells derive water from the alluvium
in Dry Walnut Valley. Most of these wells are shallow and have
small yields. Larger yields probably could be obtained locally
from deeper wells tapping the basal gravels in the alluvium.

Blood Creek Valley—Test holes 17-14-35dd and 18-13-6dd were
drilled in Blood Creek Valley to ascertain the character and thick-
ness of the alluvium in that valley. Both test holes were located
near the middle of the valley. Test hole 18-13-6dd, which was
drilled 0.5 mile southwest of Hoisington, penetrated 88 feet of
alluvial deposits. Test hole 17-14-35dd was drilled about 2 miles
above Hoisington and penetrated 78 feet of alluvium. The alluvium
is undoubtedly much thinner upstream and along the margins of
the valley. The alluvium consists of clay, silt, and sandy silt con-
taining lenses of sand and gravel that range from a few inches to
15 or 20 feet in thickness. The sand and gravel generally is poorly
sorted and contains silt.

The alluvium in Blood Creek Valley supplies water to numerous
domestic and stock wells.

Cheyenne Bottoms—The Cheyenne Bottoms is underlain by un-
consolidated clay, silt, sand, and, locally, gravel that range in age
from Pleistocene to Recent. The thickness of these deposits ranges
from less than 20 feet near the margins of the Bottoms to more than
100 feet in the deepest part of the old buried channel that trends

northwest-southeast through the central part of the Bottoms in
line with Blood Creek Valley. (See sections E-E' and F-F' in
Plate 3).
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Fine-grained sediments, including clay, silt, and sandy silt, make
up the greatest part of the fill in Cheyenne Bottoms. Beds of silty
very fine to medium sand ranging in thickness from 2 feet to 22 feet
were encountered in three (test holes 18-11-19bb, 18-13-9aa, and
19-12-5aa) of the eight test holes drilled in this area. Test hole
18-12-21ce, which penetrated the greatest known thickness of
alluvium in the Bottoms, encountered 11 feet of fine gravel con-
taining much sand and silt at the base of the alluvium between
depths of 101 and 112 feet. The gravel is composed chiefly of
sandstone and “ironstone” fragments that were derived from the
Dakota formation.

The alluvium in Cheyenne Bottoms supplies water to numerous
stock and domestic wells, most of which are shallow wells that tap
fine to medium sand and sandy silt and have low yields. The
quality of the water in the alluvium in most places is poor. The
analyses of four samples of water collected from wells that tap
the alluvium in Cheyenne Bottoms are given in Table 8 (nos.
17-12-31decl, 18-11-19bb, 18-13-15da, and 19-12-6bc). They con-
tained 449 to 2,728 part per million of dissolved solids and had
310 to 904 parts of hardness.

Rattlesnake Valley—The alluvium in Rattlesnake Valley is
relatively thin, probably being less than 20 feet thick everywhere.
It is composed chiefly of poorly sorted sand and gravel that was
derived from the Meade formation. The alluvium is everywhere
underlain by thick deposits of the Meade formation.

Records were obtained of five wells (nos. 21-11-26ad, 22-11-3cd,
23-11-1be, 23-12-2¢d, and 24-14-1aa) that derive water from the
alluvial deposits in Rattlesnake Valley. They are shallow wells
less than 15 feet deep that yield small supplies of water for domestic
and stock use.

GEOLOGIC HISTORY

Throughout much of Paleozoic time the Barton-Stafford County
area was alternately submerged and elevated. During periods of
submergence, marine sediments accumulated and were subsequently
eroded during periods when the area was above sea level. Deposits
laid down in early Paleozoic time consisted chiefly of marine lime-
stone, shale, and sandstone. Prior to the deposition of Mississippian
sediments, there was regional arching of the strata along a north-
west-southeast axis, and subsequent erosion that truncated the
earlier Paleozoic rocks and removed all of them in part of Barton
County. Following this period of uplift and erosion, the sea again
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invaded the area and limestones and shales of Mississippian age
were deposited. Sometime prior to Pennsylvanian deposition, the
rocks of central Kansas were again uplifted and warped to form
the structural feature now called the Central Kansas uplift, and
erosion removed all the Mississippian limestone and shale from
this area except in the southeastern quarter of Stafford County.
The sea again invaded the area during Pennsylvanian time and
marine deposits accumulated over all of central Kansas. Minor
withdrawals of the sea took place during the latter part of Penn-
sylvanian time and during the Permian Period, at which times con-
tinental deposits were laid down. Near the end of Permian time
continental deposition became predominant, forming the redbeds
that are encountered below Cretaceous and younger deposits by
test holes and oil wells. By the close of Paleozoic time the sea
withdrew completely from the area and the surface was eroded, up-
lifted, and warped. Erosion probably continued throughout all of
Triassic and Jurassic time, for sediment of these periods are not
known to occur in Barton and Stafford Counties. For a more
detailed account of the Paleozoic history of the central Kansas
area the reader is referred to reports by Koester (1935) and Moore
and Jewett (1942).

Cretaceous deposits were laid down on the long-eroded, deeply
weathered Permian surface. During the Comanchean (Lower
Cretaceous) Epoch of the Cretaceous Period the sea once more in-
vaded this area, and clastic sediments, composed chiefly of sand
but containing minor amounts of finer material, were deposited
at or near the shore line of this advancing sea. These sediments
make up the Cheyenne sandstone—a dominantly continental de-
posit. As the Comanchean sea advanced northward, all the Barton-
Stafford County area was inundated, and the marine sediments
composing the Kiowa shale were deposited.

A general withdrawal of the sea marked the end of Early
Cretaceous time. This withdrawal of the sea was not continuous
but was marked by minor readvances that resulted in marine and
continental beds being interbedded. After the retreat of the Early
Cretaceous sea, continental deposits of clay and sand (Dakota
formation) accumulated in stream channels, on flood plains and
beaches, and in lagoons. After the deposition of the Dakota
formation, the area was covered by a shallow sea, and great
thicknesses of clay and limestone (Graneros shale, Greenhorn
limestone, and Carlile shale) were deposited.

At the close of the Cretaceous Period, the sea withdrew and
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since that time the area has been continuously above sea level.
During most of the Tertiary Period the surface was subject to
erosion which truncated the Cretaceous rocks. Late in Tertiary
time, during the Pliocene epoch, sediments of the Ogallala forma-
tion were laid down on the eroded Cretaceous surface in the region
by streams carrying material from the highlands to the west.

The Pleistocene history of this area is very complex and was
marked by the cutting and filling of deep valleys and by major
changes in drainage. Sufficient data are not available to give
a detailed account of the events that took place during Pleistocene
time. Erosion in late Tertiary or early Pleistocene time removed
the Ogallala formation from most of the area and some of the
Cretaceous rocks. Prior to the deposition of the Meade formation,
erosion had removed all the Cretaceous rocks and the upper part
of the Permian in parts of Stafford County and southeastern Bar-
ton County (Fig. 11). Widespread deposition of silt, sand, and
gravel (Meade formation) in Stafford County and southern Barton
County followed this period of erosion. These sediments were de-
posited by streams carrying material from the Rocky Mountains
and from the areas of Tertiary rock to the west. The surface
on which the Meade was deposited in Stafford County and southern
Barton County was an erosional surface of hills and valleys, as
shown by the contours in Figure 12. Figure 12 indicates that a
large valley existed in southern Barton County in approximately
the same position as the present course of Arkansas Valley. Another
valley, that trends from south to north in eastern Stafford County,
is shown joining this valley in the extreme southeastern part of
Barton County. Deposition of sediments of the Meade formation
probably started in these valley areas. During early Pleistocene
time the ancestral Arkansas River, instead of following the present
course around the “great bend,” is thought to have flowed eastward
or southeastward across south-central Kansas. At the same time
the ancestral Smoky Hill River flowed southward through McPher-
son County and joined the ancestral Arkansas River in southern
Kansas.

The early Pleistocene valley in southern Barton County is prob-
ably part of a major tributary that joined the Smoky Hill-Arkansas
drainage north of Wichita. Later in Pleistocene time this tributary,
through lateral shifting and a series of captures, became the major
drainageway for Arkansas River from eastern Ford County to
Wichita, thus forming the present “great bend.”

6—3191
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Late in Pleistocene time erosion was resumed in the Dry Walnut,
Walnut, Cow Creek, and Blood Creek-Cheyenne Bottoms Valleys
and they were cut somewhat below their present depths. This was
followed by the deposition of stream-laid silt, sand, and gravel in
the valleys and wind-blown silt on the divides (Sanborn formation).
Deposition by the wind of dune sand in Stafford and southern Bar-
ton Counties probably started at about the same time and has con-
tinued into Recent time.

Much of the present topography of Barton and Stafford Counties
is the result of erosion and deposition that started during the latter
part of the Pleistocene Epoch and have continued to the present
time. Channels were cut in the Pleistocene valley fill and partially
refilled by alluvium, leaving prominent terraces underlain by the
Sanborn formation, and downcutting by relatively short tributary
streams has removed more of the Cretaceous rocks in Barton County.

OricIN oF CHEYENNE BorTtoms

Two theories have been advanced to explain the origin of Chey-
enne Bottoms. Haworth, who was the first to write on the subject,
ascribed the formation of the Bottoms to stream erosion and quoted
the following description that was credited to B. L. Miller, one of
his assistants (Haworth, 1897, pp. 44-45) :

In past time the two streams, Blood Creek and Deception Creek, which are
the only streams of importance entering the basin, probably flowed about as
they do now. We suppose at one time their channels were cut into the
Benton and the Dakota sandstones. These materials resisting erosion quite
well necessarily made the deepening of their channels and the widening of their
valleys slow processes. But finally, having cut through these harder strata to
the softer stratum of saliferous shales beneath, the processes of erosion were
greatly increased, and it was therefore a comparatively short time until the
streams had cut their channels entirely through this stratum of shales to the
harder layer of sandstone beneath. They now began to widen their valleys,
or their valley; for the two streams probably united in one when this shale
was first encountered. This widening was likewise rapid, so that a wide valley
was soon formed. Had the sandstone overlying this shale bed been very
hard we should doubtless have had falls produced of about 30 feet in height,
which would have slowly retreated up stream. There are good reasons for
believing that the point where the stream first encountered the shale bed was
considerably farther east than the present limits of the basin. Evidence of this
is furnished by the fact that river sands cover the surface for some distance
in this direction. Thus the valley has been extending up stream as well as
widening on either side. The upper courses of the two streams mentioned
have not even yet reached the soft, saliferous shales, and consequently have
narrow valleys.

But while this was going on, the Arkansas River was slowly working its
way northward by wearing away the soft Dakota sandstones and shales along
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its northern bank. As the course of the river to this point was northeast and
the course of the creek to the southeast, their valleys finally met. A long,
wedge-shaped ridge remains, which separates the upper courses of their valleys.

The breaking down of so much sandstone necessarily left behind great quan-
tities of sand. In the great quantity of sand lying to the south of this wedge-
shaped mass of land and in frequent southerly winds, we have the conditions
requisite for producing the present basin. The sand blown by the wind across
the mouth of this valley formed a drift back of the point of this wedge between
the valleys. The drift gradually increased in length and height until it became
a barrier entirely across the valley of the small creek and formed a great
basin. The drifting of snow often produces similar results, though on a smaller
scale. Could the stream have had considerable water flowing in it continually,
it might have been able to keep its channel clear; but probably there was not
water enough or current strong enough to carry away the sand that drifted into
the channel.

Johnson (1901, pp. 712, 713) advanced the theory that Cheyenne
Bottoms was a basin of subsidence resulting from removal of soluble
masses of salt within the underlying rock, but noted that the gap in
the rock wall on the southeast side did not favor this theory. In
1926, Bass prepared a map of salt thicknesses in western Kansas
that shows thinning of the salt beds beneath Cheyenne Bottoms
(Bass, 1926, p. 90). He (Bass, 1926, pp. 94-95) believed that this
evidence tended to confirm Johnson’s subsidence theory.

Subsidence may have been in part responsible for the formation of
Cheyenne Bottoms; however, test-drilling data gathered during the
present investigation indicate that a buried stream channel exists
beneath the southeast side of Cheyenne Bottoms (Fig. 12). This
evidence suggests that in Pleistocene time a stream flowed across
the Cheyenne Bottoms area in line with Blood Creek. From Chey-
enne Bottoms it followed approximately the present course of Little
Cheyenne Creek and entered Rice County through a now deeply
buried channel at about the cen. E. line T. 19 8., R. 11 W. (Fig. 12
and L-L/, PL. 3). Fent (1950) refers to this channel as the Chase
channel and has traced its course through Rice County. A narrow
divide in the vicinity of Ellinwood separated this channel from the
ancestral Arkansas channel. After material began accumulating in
the ancestral Arkansas channel, the main stream overflowed the
divide and followed the Chase channel. The Cheyenne Bottoms
channel became a tributary and was later choked either by accumu-
lating sand, as suggested by Miller (in Haworth, 1897, p. 45), or
because of more rapid accumulation of sediments in the main stream.
Since that time, deposition in the Cheyenne Bottoms area has taken
place in shallow intermittent ponds.



Barton and Stafford Counties 85

GROUND WATER
OccurreNCE OF GROUND WATER

In order to assist the reader in a better understanding of the
ground-water conditions in Barton and Stafford Counties, certain
basic principles of the occurrence of ground water adapted from
Meinzer (1923) are discussed briefly in the pages that follow. For
a more detailed treatment of the subject the reader is referred .
to Meinzer’s report and also to a report by Moore and others (1940).

Ground water, or underground water, is the water that supplies
springs and wells. The rocks that form the outer crust of the
earth are at very few places solid throughout, but contain numerous
open spaces, called voids or interstices. These open spaces are
the receptacles that hold the water that is found below the surface
of the land and is recovered in part through wells and springs.
There are many kinds of rocks, and they differ greatly in the
number, size, shape, and arrangement of their interstices and
hence in their properties as containers of water. Therefore, the
character, distribution, and structure of the rocks of any region,
together with the climate and topography, determine the occurrence
of water.

The amount of water that can be stored in any rock depends upon
the volume of rock occupied by open spaces—that is, the porosity
of the rock. Porosity is expressed as the percentage of the total
volume of rock that is occupied by interstices. A rock is said to be
saturated when all its interstices are filled with water. The porosity
of a sedimentary rock is controlled by (1) the shape and arrange-
ment of its constituent particles; (2) the degree of assortment
of its particles; (3) the cementation and compaction to which
it has been subjected since its deposition; (4) the removal of mineral
matter through solution by percolating waters; and (5) the frac-
turing of the rock resulting in joints and other openings. Well-
sorted deposits of unconsolidated silt, sand, or gravel have a high
porosity, regardless of the size of the grains. Poorly sorted de-
posits have a much lower porosity because the small grains fill
the voids between the large grains, thus reducing the amount of
open space. The pore space in some well-sorted deposits of sand
or gravel may gradually be filled with cementing material gradually
reducing the porosity.

The capacity of a rock to hold water is determined by its porosity,
but its capacity to yield water is determined by its permeability.
The permeability of a rock may be defined as its capacity for
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transmitting water under hydraulic head. It is measured by the
rate at which the rock will transmit water through a given cross
section under a given difference of head per unit of distance. Rocks
that will not transmit water may be said to be impermeable. Some
deposits, such as well-sorted silt or clay, may have a high porosity
but because of the minute size of the pores will transmit water only
very slowly. Other deposits, such as well-sorted gravel containing
large openings that communicate freely with one another will
transmit water very readily. Part of the water in any deposit is
not available to wells because it is held against the force of gravity
by molecular attraction—that is, by the cohesion of the water itself
and by its adhesion to the walls of the pores. The ratio of the
volume of water that a rock will yvield by gravity, after being
saturated, to its own volume is known as the specific yield of
the rock.

Below a certain level, which ranges from the land surface to
about 200 feet below the surface in Barton County and from
the land surface to about 30 feet in Stafford County, the permeable
rocks are saturated with water under hydrostatic pressure. These
saturated rocks are said to be in the zone of saturation, and the
upper surface of this zone is called the water table. Wells dug
or drilled into the zone of saturation will become filled with ground
water to the level of the water table.

The amount of water available to wells depends on the saturated
thickness of the water-bearing materials and the permeability and
specific yield of the material. The amount of water that can be
pumped perenially depends also on the periodic ground-water re-
plenishment from precipitation, by percolation from streams, and
movement of ground water into the pumped area from the sides.

The saturated thickness of the post Cretaceous deposits in Bar-
ton and Stafford Counties is shown in Figure 13. The contours
showing saturated thickness were prepared by superimposing the
water-table contour map (Pl 1) on the map showing the con-
figuration of the bedrock surface (Fig. 12) and drawing the con-
tours through points of equal thickness. As shown by Figure 13,
the water-bearing materials have a thickness of as much as 200
feet in parts of the area. In the area shown outside the zero con-
tour line the water table occurs in the Cretaceous rocks.

ARTESIAN CONDITIONS

Artesian or confined conditions are said to exist where a water-
bearing bed is overlain by an impermeable or relatively impermeable
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bed that dips from its outerop to the discharge area. Water enters
the water-bearing bed at the outcrop and percolates slowly down-
ward to the water table and then down the dip in the water-bearing
bed beneath the overlying confining bed. Down the dip from the
outcrop area the water exerts considerable pressure against the
confining bed, so that when a well is drilled through the confining
bed into the water-bearing bed the pressure is released and the
water rises in the well. Because of loss in head resulting from fric-
tion as the water percolates down the dip, the water level will not
rise to an elevation as high as that of the water table in the outcrop
area, and where the land surface is sufficiently low the artesian
pressure may be sufficient to raise the water above the surface
and flowing wells may be obtained.

The imaginary surface (piezometric surface) defined by the height
to which artesian water will rise in wells may be above or below the
water table or, especially where the confining bed is of small areal
extent, may coincide with the water table. Where there is some de-
gree of interconnection between the artesian aquifer and an overlying
unconfined aquifer, the position of the piezometric surface with re-
spect to the water table may be significant in relation to the move-
ment of the water. Where the piezometric surface is higher than
the water table, artesian water may be escaping into the unconfined
aquifer; where it is lower, the artesian aquifer may be receiving re-
charge from the unconfined aquifer. Where there is no intercon-
nection between the aquifers, the relative position of the piezometric
surface and water table has no particular significance.

Records were obtained of five flowing wells (22-11-9bb, 22-11-10cc,
22-11-35ab, 22-12-12db, and 23-13-3aa) in Stafford County that tap
sand and gravel of the Meade formation. All these flowing wells
are in topographically low areas and the ground water at each
well probably is confined beneath a local lens of relatively imper-
meable silt or clay. Water encountered in the sand and gravel below
the impermeable lenses will rise above the land surface to the level
of the water table in the surrounding higher areas; thus, the artesian
conditions are strictly local.

Wells 22-11-9bb, 22-11-10cc, and 22-12-12db on the south side of
Big Marsh in northeastern Stafford County (PL. 2), are 40, 37, and 44
feet deep, respectively. Well 22-11-9bb had a measured flow on
October 19, 1942, of 6 gallons a minute and the water rose 4.57 feet
above the land surface (Pl. 11A). Well 22-12-12db also had a flow
of 6 gallons a minute and the water rose 3.65 feet above the land
surface on October 26, 1942 (Pl. 11B). Measurements were not
made of the flow and head at well 22-11-10cc.
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Prate 11—Flowing wells near Big Marsh in northeastern Stafford
County. The measured discharge of each well is 6 gallons a minute. A,
Well 22-11-9bb in the NW14 sec. 9, T. 22 S, R. 11 W. B, Well 22-12-12db
in the SE% sec. 12, T. 22 S, R. 12 W.



90 Geological Survey of Kansas

Well 22-11-85ab is on the northwest side of Little Marsh. It is
75 feet deep and on October 26, 1942, had a measured flow of 10
gallons a minute. It was not feasible to measure the head.

Well 23-13-3aa is in Rattlesnake Valley in the NE14 sec. 3,
T. 23 S, R. 13 W. 1t is 24 feet deep. On October 19, 1942, well
23-13-3aa was flowing at the rate of 6.5 gallons a minute and the
water rose 4.7 feet above the land surface.

Wells in Barton County that are drilled into sandstones in the
Dakota formation generally encounter confined water under hydro-
static pressure. In most of these wells the water rises considerably
above the level at which it is first encountered; however, as far as
is known, it does not rise above the general level of the water table
anywhere in Barton County. In many places the water level in wells
tapping sandstones of the Dakota formation is more than 100 feet
lower than the water level in nearby wells that tap younger de-
posits at shallower depths. For example, on August 8, 1944, the
depth to water level in well 16-14-26bb1, a shallow well in the Car-
lile shale, was 154 feet below land surface; whereas in well
16-14-26bb2, less than 50 feet distant and penetrating a sandstone
in the Dakota formation, the depth to water level was 140.7 feet
below land surface (Table 12). In studying the ground-water condi-
tions in Russell County, which borders Barton County on the north,
Frye and Brazil (1943, pp. 53, 56) found that the pressure of water
in the Dakota formation varies in the different sandstone beds.
This was determined in several test holes in which water-level
measurements were made each time a different sandstone bed was
penetrated. In a test hole at the SW cor. sec. 31, T.158., R. 14 W., on
the Barton-Russell County line, water-level measurements were
made in six distinct sandstones at depths ranging from 200 to 533 feet
and the levels of water encountered in the sandstones, in descending
order, were as follows: 158.54, 158.78, 168.53, 161.31, 159.28, 164.35,
and 28.65 feet (Frye and Brazil, 1943, p. 56). According to Frye
and Brazil, in most places in Russell County the water in the deeper
sandstone beds is under much greater head than water in the shal-
lower sandstone beds of the Dakota formation ; however, they (Frye
and Brazil, 1943, p. 56) point out that this situation did not exist
in all test holes.

Although data are scanty, it is known that in places the waters
in the Kiowa shale, Cheyenne sandstone, and Permian rocks in this
area are under artesian head and, locally, the pressure is great
enough to cause surface flows. A small flow of water was encoun-
tered in the Kiowa shale at a depth of 286 feet in test hole 20-14-5ce
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at the SW cor. sec. 5, T. 20 8., R. 14 W., Barton County. The flow
was estimated by O. S. Fent to be 0.5 gallon a minute or less. A
sample of the water was analyzed and found to contain 28,300 parts
per million of chloride (Table 10) ; therefore, it is too highly minerai-
ized for ordinary uses.

A much greater flow of salt water was encountered in the Cheyenne
sandstone in test hole 19-14-17bb at the NW cor. sec. 17, T. 19 8., R.
14 W., Barton County. A small flow was encountered between
depths of 350 and 356 feet. The flow increased somewhat between
depths of 360 and 362 feet, and between depths of 416 and 420 feet
the flow increased by about four times. O. S. Fent, the driller, esti-
mated the aggregate flow to be 50 gallons a minute or more. A
sample of the water contained 83,000 parts per million of chloride
(Table 10). An oil-test well drilled about 2 miles southeast of test
hole 19-14-17bb in the SE14 SE14 sec. 16, T. 19 8., R. 14 W, also en-
countered a flow of artesian salt water in the Cheyenne sandstone.
According to Mr. Warne Otte of Great Bend, a strong flow of salt
water was encountered in this well in a sandstone at a depth of 310
feet. The well was reported to have flowed for about a year before
it was properly plugged. That the water was extremely high in
salt cannot be doubted, for the area around the well and along the
ditch that drained the water away is completely barren of vegeta-
tion.

The only information available regarding artesian water in Per-
mian rocks in this area is given in a report by N. H. Darton. He
(Darton, 1916, p. 33) states that a well drilled in 1887 about 3 miles
north of Great Bend encountered artesian water at a depth of 744
feet under sufficient pressure to cause it to rise to a height of 30 feet
above the ground.

THE WATER TABLE AND MOVEMENT OF GROUND WATER

The upper surface of the zone of saturation in ordinary permeable
rock has been defined as the water table, except where the upper
surface is formed by impermeable material, as it is in parts of Bar-
ton and Stafford Counties. The water table is not a static, level sur-
face; generally it is a sloping surface having many irregularities. The
causes of the irregularities of the water table in Barton and Stafford
Counties are discussed on the following pages.

Shape and slope—The shape and slope of the water table in Bar-
ton and Stafford Counties are shown on Plate 1 by means of contour
lines. Each point on the water table along a given contour line has
the same altitude; hence these water-table contours show the con-
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figuration of the water surface just as topographic contours show
the configuration of the land surface. Ground water moves in the
direction of slope of the water table, at right angles to the water-
table contours.

Plate 1 shows that ground water enters Stafford County and
southern Barton County from the west and southwest and moves
through this area in a general northeasterly direction, but that the
direction of movement and slope are not everywhere the same. The
average gradient of the water table beneath the Great Bend prairie
and the Arkansas Valley area (pp. 43-48) is about 7.5 feet to the mile
and ranges from about 2.5 feet to the mile east of Ellinwood to about
30 feet to the mile along the west side of Big Marsh. In the Cow
Creek drainage basin (pp. 40-42), the water table slopes from less
than 8 feet to the mile to about 75 feet to the mile; whereas beneath
Cheyenne Bottoms the slope is everywhere very gentle, being in
places only about 2 feet to the mile.

Irregularities in the water table may be the result of various con-
ditions. In places where conditions are exceptionally good for re-
charge, the water table may be built up to form a mound or low
ridge from which the water spreads out, but this spreading takes
place very slowly because of the frictional resistance offered by
the small interstices through which the water must move. In ma-
terial of low permeability these mounds or ridges may be very sharp,
but in very permeable material the slopes generally are gentle. De-
pressions in the water table indicate places where ground water is
being discharged and may occur along streams that are below the
normal level of the water table or in places where water is with-
drawn by wells or by vegetation. The permeability of the water-
bearing material affects the slope of the water table. If the water
is moving through fine-grained sediments the frictional resistance to
the movement of the water is great, requiring a steeper slope than
when the same quantity of water moves through a more permeable
material.

The slight down-slope flexure of the contours between Rattlesnake
Creek and the North Fork of Ninnescah Creek indicates that a very
broad, low ridge or divide has been formed on the water table in
this area. Part of the ground water in this area moves northeast-
ward, thence eastward out of Stafford County. Part moves south-
eastward toward and is discharged into the North Fork of Nin-
nescah Creek. A part moves northward and is discharged into Rat-
tlesnake Creek. Similar low divides occur between Rattlesnake
Creek and Arkansas River and between Arkansas River and Big
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Marsh. A more prominent ridge is displayed between Big Marsh
and Rattlesnake Creek. The sharp, pronounced down-slope flexure
of the contours here indicates that ground-water recharge in this
area is unusually high, for there is no evidence that the water-bear-
ing materials are less permeable here than elsewhere.

Rattlesnake Creek and the North Fork of Ninnescah Creek are ef-
fluent streams throughout most of their courses in Stafford County;
that is, they are perennial streams, the channels of which have been
cut down below the water table and are thereby gaining water from
the zone of saturation. This movement of water from the under-
ground reservoir to the channels of these streams has caused troughs
to be formed on the water table that follow the courses of the North
Fork of Ninnescah Creek and Rattlesnake Creek, as indicated by the
upstream flexure of the contours. During periods of below-normal
rainfall, such as was experienced between 1934 and 1939, when the
water table is lower, the upper courses of these two streams in Staf-
ford County are above the water table and, instead of gaining water
from the underground reservoir, they lose water to the ground-water
reservoir. Under these conditions, a ridge would be formed on the
water table beneath the stream channels instead of a trough.

It will be noted on Plate 1 that as the contours cross Arkansas
River some of them are flexed slightly upstream whereas others cross
without changing direction. This indicates that in places Arkansas
River was a gaining stream at the time the water-level measure-
ments were made, but in other places there was an apparent balance
between the level of water in the stream and the adjacent water table
so that the stream was neither gaining nor losing water.

A depression on the water table has been caused by the discharge
of ground water into Big Marsh, the level of which is lower than the
surrounding water table. A bedrock ridge trending roughly north-
south beneath Big Marsh and the resulting thinning of the pervious
water-bearing material is a major factor in causing ground water
to be discharged here (Pl 3, J-J'). The contours show that ground
water is moving toward Big Marsh from the northwest, west, and
south. On nearing the point of discharge the water table also as-
sumes a much steeper gradient than it has to the west. The shape
and slope of the bedrock floor formed by the underlying Cretaceous
and Permian rocks may control the slope of the water table in this
area to a small extent, but the discharging of ground water into Big
Marsh probably is the chief factor causing the steeper slope.

Plate 1 shows that a mound has been developed on the water table
beneath the upland area northwest of Pawnee Rock. Water from
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local rainfall enters the Dakota formation in this area where it is
exposed or lies at shallow depth beneath younger unconsolidated
deposits of the Sanborn formation. After reaching the underground
reservoir, part of the ground water moves south, southeast, and east
toward Arkansas Valley and a part moves northeastward into Dry
Walnut Valley. The steeper slope of the water table beneath the
Pawnee Rock upland area is the result of the low permeability of
the fine-grained sandstones in the Dakota formation, through which
the ground water moves.

Ground water moves into Dry Walnut Valley from both sides,
as shown by the upslope flexure of the contours, and thence down
the valley at an average gradient of about 7 feet to the mile.
It will be noted that the upstream flexures of the contours in Dry
Walnut Valley do not coincide with the stream. This indicates
that the channel of Dry Walnut Creek is above the water table
and does not receive water from the ground-water reservoir; how-
ever, the valley acts as a drain for the adjacent upland areas.

Walnut Creek, on the other hand, is a perennial stream that
gains water from the ground-water reservoir. The water-table
contours beneath Walnut Valley flex upstream and change direction
at the stream channel. Ground water moves toward Walnut Valley
from both sides and thence down the valley at an average gradient
of about 4 feet to the mile.

The water-table contours beneath the Cow Creek drainage basin
are very irregular, owing to the unequal addition of water to the
underground reservoir, to the discharge of ground water into Cow
Creek and Little Cheyenne Creek, and to differences in the per-
meability of the water-bearing materials at different places. Re-
charge is unusually high in the area of sand hills southwest of
Claflin. This area is underlain by porous dune sand and a large
part of the water that falls as rain seeps rapidly downward to the
underground reservoir, where it has built up a prominent ridge on
the water table as shown by the long down-slope flexure of the
contours. Part of the water beneath this dune area moves eastward
toward Cow Creek, a part moves southward toward Little Cheyenne
Creek, and a part moves southwestward into Cheyenne Bottoms.
The upstream flexure of the contours along Cow Creek and Little
Cheyenne Creek indicate that water-table troughs have been
formed here because the channels of these two streams in the lower
parts of their courses are below the water table. Ground water
moves toward and is discharged into these streams from both
sides.
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A shallow, broad trough has been formed on the water table
beneath Cheyenne Bottoms, the shape of which conforms closely
with the shape of the underlying Cretaceous bedrock. Ground
water moves into the alluvial fill in the Bottoms from all directions
except the southeast. It leaves the Bottoms at the southeast side
through a narrow, restricted part of the ground-water trough,
which coincides with the deep buried channel cut in the bedrock
(p. 84.) After leaving the Bottoms, the ground water is either dis-
charged into Little Cheyenne Creek or joins the ground water be-
neath Little Cheyenne Creek.

It will be noted that no contours were drawn in the northern
part of Barton County or in parts of central and western Barton
County. These areas are underlain by Cretaceous shales, lime-
stones, and sandstones and do not have normal water-table con-
ditions.

Fluctuations.—The water table in any area does not remain in a
stationary position but fluctuates much like the water in a surface
reservoir. Whether the water table rises or declines depends upon
the amount of recharge into the ground-water reservoir and the
amount of discharge. If the inflow to the underground reservoir
exceeds the draft, the water table will rise; conversely, if the draft
exceeds the inflow the water table will decline. Thus, the net rate
at which the underground reservoir is replenished or depleted con-
trols the rate and magnitude of fluctuation of the water table.

The principal factors controlling the rise of the water table in
Barton and Stafford Counties are the amount of precipitation that
passes through the soil and descends to the water table, the amount
of water added to the ground-water reservoir by seepage from
streams, and the amount of water entering the county beneath the
surface from areas to the west. Factors controlling the decline of
the water table are the amount of water pumped from wells, the
amount of water absorbed directly from the water table by plants
(transpiration), the amount of water lost from the ground-water
reservoir by evaporation, the loss of water from springs, the amount
of water discharged by effluent seepage into streams, and the amount
of water leaving the county beneath the surface toward the east.
The factors causing the water table to rise are discussed in detail
under ground-water recharge, and the factors causing the water table
to decline are discussed under ground-water discharge.

To determine the character and magnitude of fluctuations of the
water table, a group of wells was selected for observation and the



96

Geological Survey of Kansas

op 1922 1943 1944 1945 1946 1947
. ATTANN A
\/ v vﬂ'll'lodd Dakota
102 |
- ™ A
34 TN
\/ \’/\
© 50 20-15-llab Dakota
AN =
A J
18-11-28dc Sanborn
2 34 A\//\ A
3, AN / V\ i
: AAGY (N v \\\
z o 17-12-33dd Alluvium ,\,\ N\
E o /\/\ \/ /\/\
x4 N /
E 18-15-28c¢c Alluvium \/
;% 2 16 /\\ Al
% 4 16 A /\ /—/\
= \/\/\\) 20-11-3dd Alluvium /\/\
368
- 20-11-20cc Meade \ /\/
4 22 //\//\\— ,\
6 d\ / \L
oo JZI'I}Z?dd Meade \/
E 10 +15 / __J/
25 0o B
%’E’ +5 /) \\:/\\/\
é: 0 V/\
(&}

Fi1e. 14—Hydrographs of eight typical observation wells in Barton and Staf-
ford Counties and the cumulative departure from normal precipitation at

Great Bend.



Barton and Stafford Counties 97

water levels in them were measured monthly. Measurements were
begun in eight wells in Stafford County and six wells in Barton
County during the summer and fall of 1942. Observations were
begun in 11 additional wells in Barton County during July 1944.
Measurements have been discontinued in four wells in Barton
County and three wells in Stafford County. The observation wells
were selected by me and periodic measurements were made by
W. W. Wilson, A. A. Graffham, K. D. McCall, and Howard Palmer.

The descriptions of the wells and the water-level measurements
are given in the annual water-level reports of the Federal Geological
Survey (Meinzer and Wenzel, 1944, pp. 71 and 168; 1946, pp. 63
and 152; Sayre and others, 1947, pp. 51 and 126; 1948, pp. 51 and
126). Ensuing annual water-level reports in the same series will
give subsequent water-level measurements. Table 7 correlates
the observation-well numbers used in this report with those given

TaBLE 7—Observation wells in Barton and Stafford Counties

Well number Well number in Date Date
in this Water-Supply Papers measurements | measurements
report 946, 988, 1018, and 1025 started stopped
Barton County:
16-14-34dd. .... 112,000 L. July 13, 1944 |................
17-11-104d..... 107, .. oo July 8 1944 [................
17-12-24be. . ... 1M1 L July 12, 1944 | Sept. 1, 1945
17-12-33dd..... 103........coea..... July 7, 1944 |................
17-13-33dec. . ... 104. ... LLL. July 7, 1944 | Feb. 1, 1946
17-14-33aa. .. .. 1100 ...l July 12, 1944 |................
18-11-28de. . ... 0 July 8 1944 |................
18-15-28ccl..... 109.............L.L. July 12, 1944 |................
19-11-15cd. . ... 35. Oct. 9, 1942 | Feb. 19, 1943
19-13-29cc...... 5 J Oct. 5, 1942 | June 2, 1943
19-14-16bb. . ... 2 Aug. 7, 1942 |................
19-15-17cb. . ... 101, ... July 7,1944 |................
19-15-22dd..... B July 22, 1944 |................
20-11-3dd...... A Aug. 7,1942 |................
20-11-20ce...... 43. . . e Oct. 12, 1942 |................
20-13-12ad. . ... 16,000 ... Oct. 7,1942 |................
20-15-11ab. .... 100, ...l Aug.14, 1944 |................
Stafford County:

21-13-27dd..... 19 ... Aug. 1,1942 |................
22-12-3ce....... 26........ e epeeea Aug. 3,1942 |................
23-12-12cec...... 2 July 29, 1942 |................
23-14-27d4d..... 38 Aug. 6, 1942 | Apr. 28, 1943
24-11-16aa. .. .. 63......... ... Aug. 26, 1942 | Dec. 1, 1945
24-13-28aa. . ... 29, ...l Aug. 4, 1942 |................
24-15-3cd...... 40, ... . .., Aug. 8, 1942 | Mar. 24, 1943
25-13-12ab. . ... 25, i Aug. 1, 1942 |................

7—3191
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in Water-Supply Papers 946, 988, 1018, and 1025. The location
and description of each well are given in Tables 12 and 13.

Fluctuations in the water levels in seven typical observation wells
in Barton County and one in Stafford County are shown by hydro-
graphs in Figuré 14, together with cumulative departure from normal
precipitation at Great Bend.

RecHARGE OoF GROUND WATER

The amount of water in storage in the underground reservoir does
not remain the same for any long period, as indicated by the fluctu-
ations of water levels in wells. There is visible evidence that water
is continually being discharged from the underground reservoir
through streams, marshes, and wells; and the addition of water to
the ground-water reservoir is clearly indicated by the fact that the
water levels in the observation wells rise in response to precipitation.

The addition of water to the underground reservoir is termed
recharge and may occur in several different ways. All ground water
within a practical drilling depth beneath Barton and Stafford
Counties is derived from the water that falls as rain or snow either
within this area or on areas to the west. The underground reservoir
in Barton and Stafford Counties is recharged by local precipitation,
by seepage from streams and intermittent ponds, and by subsurface
percolation from the west.

RECHARGE FROM LOCAL PRECIPITATION

A part of the precipitation that falls on the surface of this area
recharges the underground reservoir. The normal annual precipita-
tion in Barton and Stafford Counties is about 24 inches, but only a
small percentage of this amount passes through the soil and reaches
the zone of saturation. Of the total precipitation, part is lost by
evaporation and transpiration, part leaves the county as surface
runoff, and the remainder finds its way to the underground reservoir
and eventually is discharged.

The amount of water lost through evaporation into the air varies
from one season to another, the rate of evaporation being highest in
summer when temperatures are highest. In an average year most
of the precipitation in the counties: comes during the summer, when
the rate of evaporation is greatest. It is reasonable to assume,
therefore, that a large proportion of the annual precipitation in
Barton and Stafford Counties returns to the atmosphere through
evaporation.

A part of the precipitation that falls is used by plants through the
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process of transpiration. The amount consumed in this way is
obviously greatest during the growing season, which closely coin-
cides with the period of maximum rainfall.

The amount of water leaving the county by runoff in streams is
determined principally by the duration and intensity of the rainfall,
the slope of the land surface, and the type of soil and vegetation.
The runoff from a gentle rain as a rule is much smaller than the
runoff from a heavy downpour; hence the amount of ground-water
recharge from a gentle rain of long duration generally is greater than
the recharge from a heavy downpour of short duration, providing all
other factors are equal. The slope of the land is an important factor
in determining the amount of runoff, and in general the steeper the
slope the greater the runoff. Runoff is also greater in places where
the surface is underlain by fine-grained, relatively impermeable ma-
terial than in places where the surface material is sandy and loosely
compacted. The latter type of material allows a part of the water
to percolate into the ground, thus decreasing the amount of surface
runoff. Vegetation tends to decrease the velocity of the runoff,
thereby offering a better opportunity for the water to seep into the
ground.

The most favorable areas for recharge in Barton and Stafford
Counties are those areas underlain by dune sand. They include
most of the area south of Arkansas River and the small area of
sand hills southwest of Claflin (PL. 1). Because of the high porosity
of the dune sand and the presence of many undrained basins that
serve as catchment areas for the rainfall, much water percolates
downward to the zone of saturation. The sandy surficial material
and the gentle slopes in this area reduce surface runoff to a mini-
mum, so that very little water is lost by runoff in the sand hills
except in narrow belts along the few streams. Throughout most of
the areas of sand hills the material between the land surface and
the water table is sufficiently permeable to allow water to percolate
downward with little interruption. In a few places, lenses of rela-
tively impermeable material probably hinder downward movement
of water. Such lenses, however, are believed to be of limited hori-
zontal extent so that the water detours around them and eventually
reaches the water table.

The hydrographs of wells 20-11-20cc and 21-13-27dd in Figure 14
indicate that during periods of abundant rainfall a large amount
of water is added to the Meade formation by precipitation in the
sand-dune area south of Arkansas River. This is shown by the
close relation between the precipitation graph and the hydrographs.
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The rainfall as recorded at Great Bend was below normal in 1943,
but during 1944 and the early part of 1945 it was considerably above
normal. As a result, the net rise of water level in well 20-11-20cc
was about 3.6 feet from October 1942 to August 1945, and the net
rise of water level in well 21-13-27dd was about 8 feet from August
1942 to August 1945.

The valley areas in Barton and Stafford Counties are also excel-
lent areas for ground-water recharge from precipitation. The fac-
tors that favor recharge in valley areas are the shallow depth to
ground water, the sandy, porous soil, and the relatively flat surface
which keeps runoff to a minimum. The water levels in shallow
wells tapping alluvium in valley areas respond quickly to precipi-
tation. This is shown by the hydrographs of well 18-15-28ccl in
Walnut Valley and well 20-11-3dd in Arkansas Valley. The high
peaks on the hydrographs of wells 18-15-28ccl and 20-11-3dd are
probably the result of recharge from high water in Walnut Creek
and Arkansas River, since the wells are near the streams. The
general trend of the hydrographs, however, is directly controlled
by the local precipitation.

A large amount of water also reaches the water table from pre-
cipitation on Cheyenne Bottoms. Water will also be diverted into
Cheyenne Bottoms from Walnut Creek and Arkansas River. Since
there is no runoff in this area, the amount of rainfall that eventu-
ally joins the underground reservoir is the total precipitation less
the loss from evaporation and transpiration. The superficial material
underlying Cheyenne Bottoms consists of silt and clay and is rela-
tively impervious. During dry seasons the floor of Cheyenne
Bottoms in many places is honeycombed with cracks that are sev-
eral inches in width. A part of the water that falls as precipitation
probably moves downward through the impervious cover to the
shallow water table through these sod cracks and through rodent
burrows. The close relation between rainfall and the increment to
underground water storage beneath Cheyenne Bottoms is indicated
by comparing the hydrograph of well 17-12-33dd with the curve
showing cumulative departure from precipitation in Figure 14.
Well 17-12-33dd is a shallow well located in the northern part of
the Bottoms.

The amount of water that reaches the water table from precipi-
tation on areas underlain by the Sanborn formation is very small
in most places compared with the sand-dune and valley areas, for the
areas underlain by the Sanborn have thick silt beds between the
surface and the water table. The silt, which has a low permeability,
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retards the downward movement of water. It will be noted that the
hydrograph of well 18-11-28de, located in the Cow Creek drainage
area where the surface is underlain by thick silt, shows little or no
correlation with the precipitation. This indicates that recharge from
local precipitation in this area is very small or does not occur at all.

The underground reservoir beneath the area underlain by the
Pleistocene deposits in the vicinity of Galatia in northwestern
Barton County probably receives water directly from local precipi-
tation. Recharge from precipitation may be particularly high in
those places where Pleistocene sand and gravel is exposed at the
surface. Very little of the water from local precipitation reaches
the underground reservoir in most of northern Barton County, for
most of this area is underlain by impervious Cretaceous clay and
shale. Some water may enter the Dakota formation in those areas
of its outcrop where sandstone is at the surface, but the amount is
probably small because of the steep slopes, which favor rapid runoff.

RECHARGE FROM STREAMS AND PONDS

Two factors determine whether a stream is capable of supplying
water to the underground reservoir: (1) the water surface of the
stream must be above the water table, and (2) the material be-
tween the stream channel and the water table must be sufficiently
permeable to permit water to percolate downward and outward
from the stream. Streams that satisfy these conditions are called
influent or losing streams. Although no evidence of recharge from
streams is apparent on the water-table contour map, it seems
probable that some of the streams are supplying water to the under-
ground reservoir. Arkansas River in Barton County is normally
an effluent or gaining stream—that is, the stream surface is lower
than the water table; hence, ground water moves toward the river.
During flood stages of the river, however, the direction of movement
of the ground water with respect to the river would be reversed
and there would then be recharge from the river. The channels of
Rattlesnake Creek and the North Fork of Ninnescah Creek in Staf-
ford County and of Cow and Little Cheyenne Creeks in east-central
Barton County are above the water table in the upper part of their
courses and below the water table in the lower part. Where their
channels lie above the water table and when they are flowing, these
streams probably furnish some water to the underground reservoir.
Where their channels lie below the water table, they are receiving
water from the ground-water reservoir. The channels of Peace
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Creek in east-central Stafford County and Dry Walnut Creek in
southwestern Barton County are above the water table throughout
this area and may lose water to the ground-water reservoir. The
same is true of many smaller streams in Barton and Stafford Coun-
ties at times when they are flowing.

During rainy seasons water draining from the adjacent uplands
accumulates in Cheyenne Bottoms and forms a large, shallow tem-
porary lake. The water remains there for several weeks or months.
Since there is no surface outlet, the water is lost through evapora-
tion, transpiration, and seepage downward to the water table. The
amount of water that is added to the ground-water reservoir by this
means is thought to be relatively small because of the low perme-
ability of the materials underlying the surface of Cheyenne Bottoms.
Cracks and crevices that develop in the Bottoms during dry periods
may provide a pathway for the downward movement of water for
a time after Cheyenne Bottoms is flooded, but they may become
sealed after water has stood over them for several days.

RECHARGE FROM OUTSIDE THE AREA

The water-table contours on Plate 1 show that the ground water
in this area is moving from west to east, indicating that water perco-
lates into the ground-water reservoir of this area from Rush, Paw-
nee, and Edwards Counties.

DiscHARGE oF GROUND WATER

Ground water is discharged from the underground reservoir in
Barton and Stafford Counties by seepage into streams and marshes,
evaporation and transpiration, and subsurface movement from the
area, and by wells.

SEEPAGE INTO STREAMS AND MARSHES

The water-table contours in Plate 1 show that ground water
is moving toward many of the streams in this area and, in places,
is discharging as effluent seepage into those streams. Ground water
is discharged by this means into Arkansas River, into Rattlesnake,
North Fork of Ninnescah, Cow, Walnut, and Little Cheyenne Creeks,
and into Big and Little Marshes.

EVAPORATION AND TRANSPIRATION

Transpiration is the process by which water is taken into the roots
of plants directly from the zone of saturation or from the capillary
fringe just above it, and is discharged into the atmosphere. The
depth from which plants will lift the ground water varies with differ-
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ent plant species and different types of soil. Ordinary grasses and
field crops will not send their roots more than a few feet in the
search for water, but alfalfa and certain desert plants may send their
roots several tens of feet to reach the water table.

In Barton and Stafford Counties the discharge of ground water
by transpiration and evaporation occurs in the valley areas, near
Big and Little Marshes, and in low places in the sand hills where
the water table is shallow. Discharge of ground water by these two
processes is particularly high in areas where the water table inter-
sects the land surface or where the capillary fringe extends to the
surface. Such areas are rather common in Big and Little Marshes
and in the valleys of Rattlesnake, North Fork of Ninnescah, and
Little Cheyenne Creeks, where seepage areas and marshy lands with
abundant vegetation are characteristic. Ground water is also lost
through transpiration and evaporation in parts of Arkansas and
Blood Creek Valleys, in Cheyenne Bottoms, and in parts of the
sand hills in Stafford and southern Barton Counties, where the water
table is less than 10 feet below the surface. In Walnut, Dry Walnut,
and Cow Creek Valleys the discharge of ground water from the zone
of saturation by transpiration and evaporation is limited to areas
adjacent to the stream channels where the water table is compara-
tively close to the surface.

WELLS

The above discussion treats of the natural discharge of ground
water, which probably accounts for the greatest part of ground
water discharged in Barton and Stafford Counties. Additional
ground water is discharged from the underground reservoir through
wells for domestic, stock, municipal, industrial, and irrigation use.
The total amount thus discharged annually is not known.

The development of ground-water supplies from wells is discussed
in the following section.

DeveELoPMENT OF GROUND WATER

Records for 371 wells were obtained during the investigation and
are tabulated on pages 146-167. Of the 371 wells for which records
are given, 257 are in Barton County, 111 are in Stafford County, 1 is
in Rice County, 1 in Edwards County, and 1 in Pratt County. In-
cluded are 246 wells that are, or have been, used for domestic and
stock purposes, 43 irrigation wells, 15 public-supply wells, 14 indus-
trial wells, 52 wells that formerly suppled water for drilling oil wells,
and 1 well that supplies water for a swimming pool. Records for
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all the large wells in Barton and Stafford Counties were obtained,
but no attempt was made to obtain records for all domestic and
stock wells.

DOMESTIC AND STOCK SUPPLIES

All the domestic water supplies and most of the stock-water sup-
plies in Barton and Stafford Counties are obtained from wells.
Streams and ponds are also important sources of stock water in
some areas. Of the 246 domestic and stock wells listed in Tables 12
and 13, 193 are in Barton County, 51 are in Stafford County, 1 is in
Rice County, and 1 is in Pratt County.

Although several methods have been used in constructing domestic
and stock wells in this area, drilling has been the most common
method. Of the 246 domestic and stock wells, 146 are drilled wells,
64 are driven wells, 34 are dug wells, 1 is a bored well, and 1is a com-
bination dug and drilled well.

Most of the drilled domestic and stock wells are in the upland
areas of Barton County, where water is obtained from consolidated
rocks. Only 10 of the 146 drilled wells are in Stafford County. The
drilled wells range from 3 to 12 inches in diameter, but most of
them are 5, 51%, or 6 inches in diameter. Galvanized-iron casing is
most generally used, although a few domestic and stock wells are
cased with iron, tile, or steel oil-well casing.

The driven well is the most common type of domestic and stock
well in Stafford County and southern Barton County, where the
water table is shallow and ground water occurs in soft unconsoli-
dated deposits. Forty of the 51 recorded domestic and stock wells
in Stafford County are driven wells. A screened drive point on 114-
inch galvanized pipe is generally used in constructing these wells,
although a few are constructed with 11%-inch or 2-inch galvanized
pipe.

All but one of the dug wells for which records are given are in
Barton County, and most of them are in the upland areas. They are
usually shallow wells that have low yields. All are walled with rock,
and they range from 24 to 72 inches in diameter.

Most of the domestic and stock wells in this area are equipped
with lift or force pumps in which the cylinders are below the pump
heads and may be far below the surface. Some lift or force pumps
are operated by hand, but most of them are operated by windmills
or are equipped for either hand or windmill operation. Many wells,
particularly driven wells in Stafford County and southern Barton
County, are equipped with hand-operated pitcher pumps that have
their working parts at the base of the pump heads. A few domestic



Barton and Stafford Counties 105

and stock wells have cylinder pumps operated by gasoline or elec-
tric motors, and a few are equipped with small centrifugal pumps
powered by electric motors. Although the practice as yet is not
common in this area, a few farms have been equipped with small
pneumatic pressure systems in which the water is forced against air
pressure into an air-tight tank from which it flows under pressure
to any part of the home or farm. Five wells in Stafford County flow
at the surface and therefore do not have to be pumped. One of these
flowing wells (22-11-35ab) supplies domestic water to a hunting
club, the others supply stock water. Of the 246 domestic and stock
wells visited, the pumping equipment had been removed from 19 in
Barton County and 12 in Stafford County.

Ground water in parts of the upland area of northern Barton
County and in the vicinity of Big Marsh in northeastern Stafford
County is highly mineralized and locally is unfit for domestic use.
Cisterns are commonly used in these areas for domestic supplies and
wells are used for stock-water supplies. In other parts of the Bar-
ton-Stafford County area, the ground waters, although moderately
hard to very hard, are suitable for domestic and stock use.

PUBLIC SUPPLIES

Seven municipalities in the area have public water supplies ob-
tained from wells. They are Claflin, Ellinwood, Hoisington, and
Great Bend in Barton County and Stafford, St. John, and Macks-
ville in Stafford County. Except for that of Great Bend, all the
municipal supplies are publicly owned and operated. Each public
supply is described briefly in the following paragraphs.

Claflin—The City of Claflin has two wells (18-11-4adl and
18-11-4ad2) located a quarter of a mile south of town. In August
1944 the entire supply was derived from well 18-11-4adl. Well
18-11-4ad2, which is to be used as a standby well, was completed
just a few weeks earlier and was not yet equipped with a pump.
Both wells tap sandstone of the Dakota formation. Well 18-11-4adl
is 160 feet deep and is cased with 12-inch steel casing to a depth of
107 feet and with 6-inch perforated steel casing from 107 to 160
feet. The static water level is reported to be 37 feet below the
surface. It is equipped with a turbine pump powered by a 15-
horsepower electric motor and is reported to yield 200 gallons a
minute with a 30-foot drawdown. Well 18-11-4ad2 is 25 feet
west of well 18-11-4adl, is 162 feet deep and is cased with
12-inch steel casing to a depth of 100 feet and 6-inch perforated
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steel casing below 100 feet. The static water level in this well,
as measured August 14, 1944, was 32.46 feet below the land surface.

Water is pumped from well 18-11-4ad1 directly into the mains,
and the excess flows into a 50,000-gallon elevated steel tank at
the north edge of town. Mr. Fred Adams, water superintendent,
reported that the average daily consumption of water at Claflin
during the summer was about 50,000 gallons, and during the win-
ter months it was considerably less than this amount. The maxi-
mum daily consumption is not known. The water, except for
being hard, is of good quality and is not treated. (See analysis
18-11-4ad1.)

Ellinwood —The water supply of Ellinwood is obtained from
two wells (19-11-31bdel and 19-11-31bdc2) at the water plant
in the west-central part of town and one well (19-11-31bb) in the
northwest part of town. The wells derive water from sandstones
of the Dakota formation, water in the overlying alluvium having
been cemented off. The static water level in all three wells is
reported to be 11 feet below the surface. One well (19-11-31bdel)
near the water plant is 90 feet deep, has 10-inch oil-well casing,
and is equipped with a turbine pump powered by a 15-horsepower
electric motor. It is reported to yield 185 gallons a minute with
a drawdown of 12 feet. The other well (19-11-31bdc2) at the
plant is 140 feet deep, is cased with 12-inch oil-well casing, and is
equipped with a turbine pump powered by a 40-horsepower elec-
tric motor. The yield of this well is reported to be 485 gallons a
minute. The well in the northwest part of town (19-11-31bb) is
138 feet deep, has 12-inch oil-well casing, and is equipped with
a turbine pump and 15-horsepower electric motor. During a pump-
ing test it is reported to have discharged 350 gallons a minute
with a 22-foot drawdown. The operating yield of this well is re-
ported to be 225 gallons a minute.

The water from the wells is pumped directly into the mains
and the excess flows into a 50,000-gallon elevated steel tank located
at the water plant. The maximum daily water consumption at
Ellinwood is reported to be about 65,000 gallons and the average
daily consumption about 35,000 gallons, all of which is used
by the inhabitants. An analysis (19-11-81bdcl) of a sample of
water from well 19-11-81bdcl is given in Table 8. The water is
hard but otherwise is of good quality and is not treated. '

Hoisington—Water for the city of Hoisington is obtained from
two wells (19-13-4ccl and 19-13-4cc2) that tap alluvium and are
located on the north bank of Walnut Creek about 6 miles south
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of town: The two wells were drilled in 1936 and are identical
in construction. They are gravel-packed wells 42 feet deep with
12-inch steel casing. The static water level stands 22 feet below
the surface. Equipped with turbine pumps powered by 15-horse-
power electric motors, each is reported to yield about 400 gallons
a minute.

Water is pumped from the wells through 6% miles of 10-inch
ripe line to a treatment plant in town, where the water is softened.
From there, two pumps discharge the treated water directly into
the mains and the excess water flows into two elevated steel tanks
having storage capacities of 180,000 and 200,000 gallons, respectively.

The maximum daily consumption of water at Hoisington is
about 500,000 gallons and the average daily consumption is about
220,000 gallons. Not all of these amounts, however, are consumed
by the inhabitants. The Missouri Pacific Railroad, which has a
roundhouse and repair depot in Hoisington, takes approximately
250,000 gallons of water a month, and a local ice plant uses about
400,000 gallons a month for 6 months each year. A chemical
analysis of the raw water from the city wells is not available; how-
ever, the water is reported to be extremely hard and, therefore, is
given softening treatment. An analysis (19-13-4ccl) of the treated
water is given in Table 8.

Great Bend—Two wells (19-13-28bc and 19-13-28cd), owned
and operated by the Kansas Power Company, supply water to
Great Bend. Both wells tap the Meade formation. One well (19-
13-28cd) is located in the rear of the Kansas Power Company’s
office in downtown Great Bend. This well, drilled in 1937, is a
gravel-packed well 113 feet deep with 24-inch concrete casing. The
static water level stands about 13 feet below the surface. It is
equipped with a turbine pump and electric motor and is reported
to yield 800 gallons a minute. The other well (19-13-28bc) was
drilled in 1930 and is located on O’Dell Street in the northern part
of town. It is a gravel-packed well 69.5 feet deep, and also has
24-inch concrete casing. The static water level in this well is
reported to be 7.5 feet below land surface. It is equipped with a
turbine pump and electric motor, but the yield is not known.

The well (19-13-28cd) at the office supplies most of the water
used by the city. Water from this well (19-13-28cd) is pumped
directly into the mains, the pump operating automatically as the
pressure in the system changes. There are no storage reservoirs
at Great Bend. The pump at the O’Dell Street well (19-13-28bc)
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also operates automatically and pumps only when the pressure in
the system declines to a certain point.

The average daily consumption of water at Great Bend is about
850,000 gallons. An analysis (19-13-28cd) of a sample of water
from the office well is given in Table 8. The water is hard but
otherwise is of good quality. It receives no treatment.

Stafford—Two closely spaced wells (24-12-11cdl and 24-12-
11cd2), about 0.25 mile northwest of town, supply the City of
Stafford with water. Both wells tap the Meade formation, are 60
feet deep, and have 30-inch concrete casings. Each is equipped
with a turbine pump and electric motor. The measured static water
level in the south well (24-12-11c¢d2) was 20.90 feet below land
surface on September 21, 1942. This well (24-12-11cd2) is reported
to yield 500 gallons a minute with an 18-foot drawdown. The
north well (24-12-11cd1) has a reported yield of 250 gallons a min-
ute with an 8-foot drawdown. The water is pumped from the wells
directly into the mains, and the excess flows into a 50,000-gallon
elevated steel storage tank in the northern part of town and into
a 150,000-gallon elevated steel storage tank in the southern part
of town.

The maximum daily consumption of water at Stafford is about
320,000 gallons and the average daily econsumption is about 120,000
gallons. An analysis (24-12-11cdl) of the water, which receives
no treatment, is given in Table 9.

St. John—The water supply of St. John is obtained from seven
wells (24-13-4b1, 24-13-4b2, and 24-13-4b3), all of which are
located near the city power plant in the south-central part of town
and tap sand and gravel in the Meade formation. Five (24-13-
4b3) of these wells are spaced very closely together and are con-
nected to one centrifugal pump powered by a 20-horsepower elec-
tric motor. Each of these five wells is 50 feet deep and consists
of an 8-inch steel casing on the lower end of which is an 8-inch
screened sand point 10 feet long. The five wells (24-13-4b3) have
a reported aggregate yield of 400 gallons a minute. A sixth (24-
13-4b1 is a 16-inch gravel-packed well equipped with a turbine
pump and 20-horsepower electric motor. This well is 83 feet deep,
had a measured static water level of 20.39 feet on September 14,
1942, and is cased with concrete casing. It has a reported yield
of 400 gallons a minute with a drawdown of 10 feet. The seventh
(24-13-4h2) is a 26-inch gravel-packed well that is 83 feet deep
and is cased with concrete casing. The static water level in this
well is about 20 feet below the surface. Equipped with a centrifu-
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gal pump and a 50-horsepower electric motor, it has a reported
yield of 750 gallons a minute with a drawdown of 6 feet. Water
is pumped from these wells directly into the mains, and the excess
flows into a 50,000-gallon elevated steel storage tank located near
the center of town.

The maximum daily pumpage from the St. John wells is more
than 200,000 gallons and the average daily pumpage is about 145,-
000 gallons. Of this amount, an average of about 512,000 gallons
a month is used by the Atchison, Topeka, and Santa Fe Railway.
The water receives no treatment. It is hard but otherwise of good
quality. (See analysis 24-13-4b1, Table 9.)

Macksville—Macksville obtains its water from three wells (24-
15-15cc) in the east-central part of town. The wells are spaced
about 20 feet apart and tap sand and gravel in the Meade forma-
tion. Each well is 73 feet deep and is cased with 6-inch iron casing
on the end of which is a screened sand point 9 feet long. The static
water level stands about 20 feet below the surface in each well.
Three centrifugal pumps, each of which pumps from all three wells,
are housed in one pump house. One pump is powered by an 8-horse-
power electric motor and is reported to discharge 275 gallons a
minute. Another pump is powered by a 20-horsepower electric
motor and has a reported capacity of 300 gallons a minute. The
third pump, which is used only in case of power failure or other
emergency, is powered by a tractor and reportedly discharges 475
gallons a minute. Water is pumped directly from the wells into
the mains, and the excess flows into a 60,000-gallon elevated steel
tank.

The maximum daily consumption of water at Macksville is about
120,000 gallons and the average daily consumption is about 60,000
gallons. The water is not treated. An analysis (24-15-15ce) of the
water is given in Table 9.

INDUSTRIAL SUPPLIES

Records were obtained of 12 wells in Barton County and 2 wells in
Stafford County that supply water principally for industrial use.

Seven of the twelve industrial wells in Barton County are located
in Great Bend. Water used by the Dr. Pepper Bottling Company in
Great Bend is obtained from one 114-inch driven well (19-13-33ba)
that is 70 feet deep and taps sand and gravel of the Meade forma-
tion. Equipped with a small cylinder pump and electric motor, it
yields 1,000 gallons an hour. About 100,000 gallons of water a year
is pumped from this well for use in the bottling plant. The water is
chlorinated but receives no other treatment. The Great Bend Poul-
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try Company has three driven wells (19-13-38bd1, 19-13-33bd2, and
19-13-33bd3) that supply water for a variety of uses in their plant.
Two of them (19-13-33bdl and 19-13-33bd2) are shallow wells, 30
feet deep, that derive water from the alluvium in the Arkansas
Valley. Both these wells are equipped with centrifugal pumps and
electric motors. One well (19-13-33bd1) is constructed with 114-
inch galvanized pipe and a screened sand point and has a reported
yield of 20 to 30 gallons a minute. The other shallow well (19-13-
33bd2) is constructed with 2-inch galvanized pipe and a screened
sand point and is reported to yield 125 gallons a minute. About
30,000 gallons of water a month is pumped from these two shallow
wells. A third well (19-13-33bd3) is 75 feet deep and derives water
from the Meade formation: It is constructed with 2-inch galvanized
pipe and a screened sand point and is equipped with a centrifugal
pump and electric motor. It has a reported yield of 1,500 gallons
an hour. The monthly pumpage from the deep well (19-13-33bd3)
is 12,000 to 14,000 gallons. Water from this well is used in boilers
and is treated to reduce the hardness.

The Armour Creameries Company of Great Bend has one drilled
well (19-13-33bd4), 69 feet deep, 6 inches in diameter, and cased
with steel casing. The static water level in this well is about 8 feet
below the surface. It is equipped with a piston-type pump and elec-
tric motor. A maximum of about 500,000 gallons a month is pumped
from the Armour well. The water, which is derived from the Meade
formation, receives no treatment. The Atchison, Topeka, and Santa
Fe Railway has one well (19-13-33bd5) at Great Bend that supplies
water for locomotive boilers. It is a 10-inch drilled well, 90 feet
deep, and is cased with oil-well casing. The static water level
stands about 10 feet below the surface. The well is equipped with
a centrifugal pump and electric motor and is reported to yield about
330 gallons a minute. The maximum daily pumpage is about 135,-
000 gallons. The water comes from the Meade formation and is
reported to be hard. It is treated with lime and soda ash to reduce
the hardness before it is used in the locomotive boilers. The largest
industrial well (19-13-33db) at Great Bend is at the power plant of
the Kansas Power Company. It is a gravel-packed well, 75 feet
deep, cased with 18-inch concrete casing, that taps the Meade for-
mation. It is equipped with a large turbine pump and electric motor
and is reported to yield 533 gallons a minute with a 22.5-foot draw-
down. The static water level is 8 feet. More than 10 ,000,000
gallons of water a month is generally pumped from this well. The
water is not treated.
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The Empire Oil Company has two wells (16-13-8aa and 16-13-
18aa) and the Simpson Oil Company one well (20-13-31ab) in Bar-
ton County that supply water to oil-field tank batteries. Both of
the Empire Oil Company wells derive water from sandstones in
the Dakota formation. One well (16-13-8aa) is in the NE14 NE1/4
sec. 8, T. 16 8., R. 13 W., 3 miles north of Susank. It is a 6-inch
drilled well, 252 feet deep and cased with oil-well casing. The
measured water level was 202.52 feet below the surface on August
8, 1944. Tt is equipped with a cylinder pump and windmill. The
water is of poor quality, being high in chloride (Table 8). The
‘'other Empire Oil Company well (16-13-18aa) is in the NE14 NE14
sec. 18, T. 16 8., R. 13 W., about 2.5 miles northwest of Susank.
This is a 6-inch drilled well, 270 feet deep, cased with oil-well casing,
and equipped with a cylinder pump and gasoline engine. The
measured water level in this well was 198.08 feet below the surface
on August 8, 1948.

The Simpson Oil Company well (20-13-31ab) is in the sand hills
about 6 miles south of Great Bend, in the NW14 NE1/ sec. 31, T.
208, R. 13 W. 1t is a drilled well, 90 feet deep, cased with 7-inch
oil-well casing, and taps the Meade formation. The water level
was measured October 5, 1942, and found to be 14.94 feet below
the surface. The well is equipped with a large cylinder pump and
gasoline engine. A part of the water from this well is pumped to a

near-by house where it is used for domestic purposes.

The Natural Gas Pipeline Company obtains cooling and con-
denser water from two drilled wells (19-14-6bbl and 19-14-6bb2) in
the NW14, NW14 sec. 6, T. 19 S,, R. 14 W., about 2 miles northwest
of Heizer. These wells tap alluvium in Walnut Valley, are 51.5
and 53.5 feet deep, are cased with 18-inch steel casing, and are
equipped with turbine pumps and electric motors. The static water
level in them stands at about 14 feet. Each is reported to yield
200 gallons a minute. The average daily pumpage from the two
wells is about 100,000 gallons. The water, which is reported to be
hard and to contain excessive iron, is softened before it is used.

One (well 21-13-31cd) of the industrial wells in Stafford County
is owned by the Missouri Pacific Railroad and is located in Seward.
This well supplies water for locomotive boilers. It is 60 feet deep,
cased with 4.5-inch oil-well casing, and taps the Meade formation.
Equipped with a plunger pump and gasoline engine, it is reported
to yield 45 gallons a minute. The other industrial well (22-12-29dd)
in Stafford County is at the Stafford County Flour Mills Company
in Hudson. It also derives water from the Meade formation. It
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is a drilled well, 70 feet deep, cased with 6-inch galvanized-iron
casing, and equipped with a plunger pump and Diesel engine. The
yield of this well is reported to be 20 gallons a minute.

IRRIGATION SUPPLIES

The pumping of water from wells for irrigation, although not
extensive, is carried on to a limited extent in Barton and Stafford
Counties. Most of the irrigation wells in this area are used only
to supply supplemental water. During years of normal or above-
normal rainfall, sufficient moisture is available to guarantee the
growth of most crops, and very little water is pumped from wells
for irrigation. During dry years the rainfall is supplemented by
water pumped from wells. The chief crops irrigated are feed crops,
small grains, and alfalfa. In addition to the water pumped from
wells some water is pumped from the perennial streams in the
area.

During the investigation, 42 irrigation wells were visited in
Barton and Stafford Counties. Records of these wells are given in
Tables 8 and 9 and the locations of the wells are shown on Plate
2. Seven of the wells for which records were obtained are small
irrigation wells that supply water to irrigate gardens, trees, and
lawns. Of the 35 larger wells used for irrigation, 12 are in the
Arkansas Valley, 8 are in Walnut Valley, 2 are on the Walnut Valley
terrace, and 13 are widely distributed in the Great Bend prairie
south of the Arkansas Valley. Of the 13 in the Great Bend prairie,
12 are in Stafford County and 1 is in Barton County.

Yields of Irrigation Wells—The recorded irrigation wells in
Barton and Stafford Counties range widely in yield. Small wells used
to irrigate gardens, lawns, and trees yield from a few gallons a
minute to about 100 gallons a minute, whereas the yields of larger
irrigation wells range from about 200 gallons a minute to more than
1,000 gallons a minute. The yields of irrigation wells given in
Tables 12 and 13 were reported by the owners.

The reported yields of 9 of the 12 large irrigation wells in the
Arkansas Valley ranged from 450 to 1,370 gallons a minute and
the average was about 1,060 gallons a minute. The specific ca-
pacities, that is, the number of gallons of water discharged per foot
of drawdown of seven of these wells ranged from 34 to 152 and the
average was about 67.

The reported yields of only three of the eight large irrigation
wells in Walnut Valley were obtained. Each of the three wells
(18-15-33ad, 19-14-4ca, and 19-14-9aa) was reported to yield 1,000
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gallons a minute. The drawdown in well 18-15-33ad was reported
to be 45 feet at that rate.

Well 19-13-6db, on the edge of the Walnut Valley terrace north-
west of Great Bend (Pl. 2), has a reported yield of 1,100 gallons
a minute with a drawdown of 20 feet. Well 19-13-18db, which is
located on a remnant of the Walnut Valley terrace about 2 miles
northwest of Great Bend, has the largest reported yield (1,500 gallons
a minute) of any of the irrigation wells.

The yields of irrigation wells in the Great Bend prairie are less
than the yields of irrigation wells in the other areas. Reported
yields were obtained for 6 of the 13 large irrigation wells in the
Great Bend prairie. They ranged from 200 to 900 gallons a minute
and averaged 650 gallons a minute. The specific capacities of wells
20-14-26ab, 23-13-28ca, and 23-14-20be in this area, the only wells
for which the drawdowns were known, were 20, 53, and 100, re-
spectively.

Many factors determine the yield of wells, including the methods
of construction, the character and thickness of the water-bearing
formation, the diameter of the casing, the material used for casing,
the quality of the water—whether neutral, corrosive, or likely to
form incrusting material readily, the type and placing of the screen,
the development of the well, the finishing of the well—whether
gravel-packed or not, the age of the well, and, for battery wells,
the spacing of the wells. There are doubtless other factors, but
the most important ones are listed. The relative importance of the
different factors varies for different wells and under different condi-
tions.

Depth and diameter of wrrigation wells.—The depth of the irri-
gation wells in Barton and Stafford Counties range from 18 to 115
feet. Of those in the Arkansas Valley, two wells are less than 30
feet deep, five are between 30 and 60 feet deep, and six are between
60 and 79 feet deep. Irrigation wells in Walnut Valley range in
depth from 45.6 to 80 feet and most of them are 60 to 80 feet.
In the Great Bend prairie, the irrigation wells are 26 to 85 feet
deep. Of 16 wells in the prairie, 6 are less than 40 feet deep and
10 are 40 to 85 feet deep. The deepest irrigation well (19-13-6db)
in the Barton-Stafford County area is 115 feet deep and is on
the Walnut Valley terrace.

The diameters of the irrigation wells range from 114 inches for
a small driven garden well (19-13-29cc) to 24 inches for a well
(24-12-4dd) cased with old oil barrels. Most of the irrigation
wells, however, are 15 to 20 inches in diameter.

83191
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Types of equipment on irrigation wells—All the irrigation
wells in the Great Bend prairie and about half of those in the
Arkansas and Walnut Valleys are equipped with centrifugal pumps.
Ten wells in Arkansas and Walnut Valleys and the two wells on
the Walnut Valley terrace are equipped with turbine pumps.
Two cylinder-type pumps were observed, but doubtless there are
many other pumps of this type used for small-scale irrigation
of gardens, lawns, and trees. Most of the cylinder-type pumps
are probably powered by wind.

Gasoline engines are those most commonly used for pumping
from wells for irrigation in Barton and Stafford Counties. These
include stationary gasoline engines, automobile engines, and com-
bine engines. Six of the irrigation wells visited were powered by
electric motors, two by tractors, one by a natural gas engine, and
one by a Diesel engine. Three were not equipped with power
at the time of my visit.

Construction of irrigation wells—Most of the irrigation wells
in Barton and Stafford Counties have been put down by pro-
fessional drillers using either cable-tool or rotary drilling machines.
Two types of wells are used for irrigation, depending on the char-
acter of the water-bearing material—wells that are gravel-packed
and wells that are not. The methods of construction are slightly
different, although either rotary or cable-tool equipment may be
used with either method. In constructing a gravel-packed well, the
hole is made somewhat larger than the casing and an outer “dummy”’
casing is generally used. The annular space between the outer blank
casing and the inner screened or perforated casing is filled with
screened gravel, and the outer casing is pulled up slowly as gravel-
filling progresses. Where a rotary drilling machine is used it is not
necessary to use a ‘“dummy”’ casing, since the drilling mud prevents
the hole from caving while the inner casing and gravel are being
placed.

The other type of irrigation well is not gravel-packed and is
constructed in the same way as the cased domestic and stock wells.
Most of the irrigation wells of this type have been put down by
drillers using cable-tool drilling machines and are constructed
by sinking a screened or perforated casing as the well is being
drilled. The casing is forced downward by sand-bag weights or
other type of pressure as the material is removed by a sand bucket.
In putting down this type of well by the hydraulic-rotary method,
no casing is used until the drilling has been completed, then a
casing slightly smaller than the hole is placed in the well.
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The most common type of casing used for irrigation wells in
Barton and Stafford Counties is that made of galvanized-iron
casing, which can be obtained in factory-perforated sections or
plain sections. Used oil-well casing has been used in a few wells
and one well (24-12-4dd) is cased with old oil barrels, the bottoms
and tops of which have been cut out. Galvanized pipe ranging in
diameter from 174 to 3 inches has been used in the smaller garden
and lawn irrigation wells.

Most of the irrigation wells in Stafford County and many of
them in Barton County are partly dug and partly drilled. Gener-
ally, a pit is first dug to near the water table and the well is then
drilled in the bottom of the pit. The sides of the pit are cribbed
with brick, concrete, or wood. In this type of well, a centrifugal
pump is generally installed over the casing on the floor of the pit.
Pits are not used where the well is equipped with a turbine pump.

One irrigation plant (well 24-14-12dd) in Stafford County con-
sists of three wells connected to one centrifugal pump. The wells,
which are 52 feet deep and 10 to 15 inches in diameter, are closely
spaced and are connected to one pump by a suction pipe laid in
the ground just above the water table. The middle well and
pumping equipment are in a pit over which a pump house has
been built.

Irrigation well 19-12-19bc in the Arkansas Valley area in Bar-
ton County is a battery of two wells spaced about 50 feet apart
and connected to one centrifugal pump. Each well is 30.5 feet deep
and is cased with 20-inch steel casing. The pump is set in one
of the well pits over which a pump house has been built. A buried
suction line runs from the pit to the other well.

For a detailed discussion of methods of constructing different

types of irrigation wells, the reader is referred to Davison (1939)
and Rohwer (1940).

OTHER TYPES OF SUPPLIES

Of the 371 wells visited in Barton and Stafford Counties, 52 were
wells that had been put down to supply water for drilling oil wells.
Of the 52 wells, 35 were in Stafford County and 17 were in Barton
County. Most of these wells are drilled for a temporary water sup-
ply. After the drilling of the oil well or wells is completed, the water
well is abandoned and sometimes the casing is pulled. Wells of this
type are drilled wells that range in depth from about 15 feet to more
than 200 feet. In northern Barton County, where the wells must
penetrate sandstones of the Dakota formation to obtain an adequate
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supply, they are from about 100 feet to more than 200 feet deep.
Elsewhere adequate supplies for oil drilling are usually available at
shallower depth. Wells of this type in the Arkansas Valley are be-
tween 15 and 55 feet deep. In the Great Bend prairie they range
from 31 to 98 feet in depth, but most of them are 60 to 90 feet deep.
Used oil-well casing is most commonly used in these wells, although
a few have been cased with galvanized-iron casing. Their diameters
range from 5 inches to 12 inches, but 6-inch and 614-inch casing
is most common. The wells are generally pumped with large cylin-
der-type pumps and portable gasoline engines, which are removed as
soon as the drilling of the oil well is completed.

One well (25-12-27ab) in Stafford County is used to supply water
to a swimming pool at Camp Carlile, a church camp in the NW1j
NE4 sec. 27, T. 25 S, R. 12 W. This is a plant consisting of three
wells, each 14.5 feet deep and cased with 12-inch galvanized-iron
casing, that are connected to one centrifugal pump. The aggregate
yield of the three wells is reported to be 200 gallons a minute. The
water is derived from the Meade formation.

CHEMICAL CHARACTER OF GROUND WATER

The chemical character of the ground waters in Barton and Staf-
ford Counties is shown by the analyses of water from 62 representa-
tive wells in Barton County (Table 8) and 27 representative wells
in Stafford County (Table 9). The amounts of chloride in samples
of water from three wells in Stafford County are given in Table 9.
In addition, the chemical analyses of 11 samples of water collected
from test holes in Stafford County and the amounts of chloride in 2
samples collected from test holes in Barton County are given in
Table 10. The analyses, which were made by Howard Stoltenberg
in the Water and Sewage Laboratory of the Kansas State Board of
Health, show only the dissolved mineral content of the waters and
do not in general indicate the sanitary condition of the waters. The
constituents given were determined by the methods used by the U. S.
Geological Survey.

CHEMICAL CONSTITUENTS IN RELATION TO USE

The following discussion of the chemical constituents of ground
water has been adapted from publications of the United States
Geological Survey. ,

Dissolved solids—The residue left after a natural water has
evaporated consists of rock materials which may include some or-
ganic material and some water of crystallization. Waters contain-
ing less than 500 parts per million of dissolved solids generally are
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entirely satisfactory for domestic use, except for the difficulties re-
sulting from their hardness and, in some areas, excessive iron content
or corrosiveness. Waters having more than 1,000 parts per million
are as a rule not satisfactory, for they are likely to contain enough
of certain constituents to produce a noticeable taste or to make the
water unsuitable in some other respects.

The ground waters from about half the wells sampled in Barton
and Stafford Counties contained less than 500 parts per million
of dissolved solids and are entirely satisfactory for most ordinary
purposes. The waters from 23 of the wells sampled contained be-
tween 500 and 1,000 parts per million of dissolved solids, the waters
from 16 wells contained between 1,000 and 3,000 parts, and the
water from 5 wells (16-11-11cc, 16-13-8aa, 16-14-9bc, 16-14-26bb,
and 17-15-2ad) contained more than 3,000 parts. The highest
concentration of dissolved solids, 6,323 parts per million, was in
the sample of water from well 17-15-2ad.

The areal distribution of dissolved solids in the well waters of
Barton and Stafford Counties is shown in Figure 15.

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. Hard water is
objectionable because it forms with soap a sticky insoluble curd
difficult to remove from containers and fabrics; requires greater
quantities of soap to produce lather; and forms scale in boilers and
pipes with resultant loss in heat transfer and boiler failure. Cal-
cium and magnesium cause virtually all the hardness of ordinary
waters. These constituents are also the active agents in the for-
mation of the greater part of the scale in steam boilers and in other
vessels in which water is heated or evaporated.

In addition to the total hardness the table of analyses shows the
carbonate hardness and the noncarbonate hardness. The carbon-
ate hardness is that due to the presence of calcium and magnesium
bicarbonates. It is almost completely removed by boiling. In some
reports this type of hardness is called temporary hardness. The
noncarbonate hardness is due to the presence of sulfates or chlorides
of calcium and magnesium, but it cannot be removed by boiling
and has sometimes 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 is
generally rated as soft, and its treatment for removal of hardness
under ordinary circumstances is not necessary. Hardness between
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F1a. 15—Content of dissolved solids of well waters in Barton and
Stafford Counties, Kansas.
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50 and 150 parts per million does not seriously interfere with the
use of water for most purposes, but it does increase somewhat the
consumption of soap, and its removal by a softening process is
profitable for laundries or other industries using large quantities
of soap. Waters in the upper part of this range of hardness will
cause considerable scale in steam boilers. Hardness of more than
150 parts per million can be noticed by anyone, and if the hard-
ness is 200 or 300 parts per million, it is common practice to soften
water for household use or to install cisterns to collect soft rain
water. Where municipal water supplies are softened, an attempt
is generally made to reduce the hardness to 50 to 80 parts per mil-
lion. The additional improvement from further softening of a
whole public supply is not deemed worth the increase in cost.

Samples of water collected from wells in the Barton-Stafford area
ranged in hardness from 29 to 1,564 parts per million. Of the
samples of water, 2 (wells 16-12-12cb and 18-15-1bc) had less
than 50 parts per million of hardness, 9 had between 50 and 150
parts, 14 had between 151 and 200 parts, 55 had between 201 and
500 parts, 8 had between 501 and 1,000 parts, and the water from
well 16-14-26bb had 1,564 parts. Of the public water supplies in
the area only that of Hoisington is treated, but some of the in-
dustrial supplies are softened.

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
separate out and settle as a reddish sediment. Iron, which may be
present in sufficient quantity to give a disagreeable taste and to
stain cooking utensils, fixtures, and fabrics, may be removed from
most waters by simple aeration and settling or filtration, but a few
waters require the addition of lime or some other substance.

Of the 89 samples of water collected from wells in Barton and
Stafford Counties, 25 contained less than 0.1 part per million of
iron, 31 contained between 0.1 and 1.0 part, 19 contained between
1.1 and 3.0 parts, 13 contained between 3.1 and 10 parts, and 1
(well 25-11-15dd) contained 11 parts.

Chloride—Chloride is an abundant constituent of sea water. It
is dissolved in small quantities from rock materials and in some
localities comes from sewage. The sources of chloride are many,
however, and its presence in large quantities cannot be taken as
a definite indication of pollution. Chloride has little effect on the
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suitability of water for ordinary use unless there is enough to give
the taste of salt. Waters high in chloride may be corrosive when
used in steam boilers.

The quantity of chloride was determined for 92 samples of water
collected from wells in the Barton-Stafford area. Of these 92 sam-
ples, 62 contained less than 50 parts per million of chloride, 15
contained between 150 and 500 parts, 6 contained between 501 and
1,000 parts, and 9 contained more than 1,000 parts. The greatest
concentrations of chloride were found in waters from the Dakota
and Meade formations. A further discussion on this subject is
given on pages 131-134.

Fluoride—Although determinable quantities of fluoride are not so
common as are fairly large quantities of the other constituents of
natural waters, it is desirable to know the amount of fluoride present
in waters that are likely to be used by children. Fluoride in water
has been shown to be associated with the dental defect known as
mottled enamel, a permanent condition which may appear on the
teeth of children who drink water containing fluoride during the
period when their permanent teeth are formed. It has been said
that waters containing 1.5 part per million or more of fluoride are
likely to produce mottled enamel, although the effect of 1.5 part
per million is not usually very serious (Dean, 1936, pp. 1269-1272).
If the water contains as much as 4 parts per million of fluoride, 90
percent of the children who drink it are likely to have teeth with
mottled enamel, and 35 percent or more of these cases will be
classified as moderate or worse. Small quantities of fluoride, not
sufficient to cause mottled enamel, are likely to be beneficial by
inhibiting dental caries (tooth decay) (Dean, Arnold, and Elvove,
1942, pp. 1155-1179).

The fluoride content of most of the water samples from wells
in Barton and Stafford Counties was low. Of the 89 samples ana-
lyzed, 69 contained less than 1 part per million of fluoride, 9 con-
tained between 1 and 1.9 parts, 8 contained between 2 and 3 parts,
and those from wells 16-13-12ad, 16-15-6dd, and 17-15-23ad con-
tained 3.8, 8.8, and ‘3.4 parts, respectively.

WATER FOR IRRIGATION

The suitability of water for use in irrigation is commonly consid-
ered to depend mainly on the total quantity of soluble salts and on
the ratio of the quantity of sodium to the total quantity of sodium,
potassium, calcium, and magnesium together. The quantity of
chloride may be large enough to affect the use of the water, and
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in some areas other constituents, such as boron, may be present in
sufficient quantity to cause difficulty. In a discussion of the inter-
pretation of analyses with reference to irrigation in southern Cali-
fornia, Scofield (1933) states that if the total concentration of dis-
solved salts is less than 700 parts per million there is not much
probability of harmful effects in irrigation use. If it exceeds 2,100
parts per million there is a strong probability of damage to either
the crops or the land or both. Water containing less than 50 percent
sodium (the percent-sodium factor is the ratio of the quantity of
sodium to the total quantity of sodium, calcium, potassium, and
magnesium) is not likely to be injurious, but if it contains more
than 60 percent its use is inadvisable. Similarly, a chloride content
of less than 142 parts per million is not objectionable, but more than
355 parts per million is undesirable. Later writers, notably Mag-
istad and Christiansen (1944), have modified the percent-sodium
standards to show a class 1 water as having below 60 percent sodium;
a class 2 from 60 to 75 percent; and a class 3 over 75 percent. It is
recognized that the harmfulness of irrigation water is so dependent
on the nature of the land, the crops, the manner of use, and the
drainage that no hard-and-fast limits can be adopted.

At the time of this investigation all irrigation wells obtained their
water supply from the Meade formation. Ground water in the
Meade formation is everywhere moderately hard but in most places
it is suitable for irrigation use. In northeastern Stafford County
the ground water locally is highly mineralized. Because of the
uneven topography and sandy soil, irrigation is not feasible in this
part of Stafford County except perhaps in very local areas. In
other parts of Stafford County, the quality of the water taken from
wells in the Meade formation was suitable for irrigation use. How-
ever, some of the samples taken from test holes that penetrated the
lower part of the Meade formation were highly mineralized and were
not suitable for irrigation (Table 10). Before a well is constructed
for irrigation anywhere in Stafford County, it is recommended that
a sample from a test hole be analyzed first to determine the chemical
suitability of the water.

CHEMICAL CHARACTER IN RELATION TO STRATIGRAPHY

Ground waters in the various water-bearing formations in Barton
and Stafford Counties have a wide range in quality. There is also a
wide difference in the quality of waters from different places and
from different depths in the same formation. Although no wells

9—3191
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derive water from Permian rocks or the Cheyenne sandstone in this
area, scanty data indicate that the waters contained in them are
highly mineralized and probably unfit for ordinary uses. The same
is true for the Kiowa shale except possibly in its area of outcrop.

The quality of water found in the seven principal water-bearing
formations of Barton and Stafford Counties is discussed below. The
typical quality of water in the four major water-bearing formations
is shown graphically in Figure 16.

Dakota formation—Waters from wells tapping sandstones of
the Dakota formation have a wide range in chemical composition;
a few are low in mineral content and comparatively soft, whereas
others are highly mineralized and hard. Thirty samples of water
from the Dakota formation were collected and analyzed. The sam-
ples of water from wells 16-12-12cb and 18-15-1bc in sandstones of
the Dakota formation were the softest waters of any of those
analyzed from the Barton-Stafford County area, having hardnesses
of 29 and 45 parts per million, respectively. Both of these are soft
sodium bicarbonate waters that probably have resulted from a
natural softening process in which calcium bicarbonate water has
exchanged part of its calcium and magnesium for sodium by a
base-exchange process. This is the same process used in the common
zeolite-type home water softeners. Hardnesses of the other 28
samples from the Dakota ranged from 101 to 626 parts per million.
More than half of these samples had less than 300 parts of hard-
ness, 7 had between 301 and 500 parts, and 4 had more than 500
parts.

The dissolved solids in samples collected from wells tapping the
Dakota ranged from 305 parts per million in the sample from well
18-14-Tce to 6,323 parts in the sample from well 17-15-2ad. Only
7 of the samples contained less than 500 parts per million of dis-
solved solids, 10 contained between 500 and 1,000 parts, and 13
contained more than 1,000 parts. Chloride is both the most vari-
able and most objectionable constituent of many waters from the
Dakota. The chloride concentration in the samples ranged from
15 parts per million in well 17-15-23ad to 3,220 parts in well 17-15-
2ad. Seventeen of the 30 samples contained less than 150 parts per
million of chloride, 4 contained between 150 and 500 parts, 2 con-
tained between 501 and 1,000 parts and 7 contained more than
1,000 parts.

The fluoride content of 14 of the 30 samples from the Dakota
formation was greater than 1 part per million, and the samples
from wells 16-13-12ad and 16-15-6dd had the highest fluoride con-



132 Geological Survey of Kansas

tents of any of the samples analyzed—3.8 parts per million. Many of
the samples analyzed had excessive concentrations of iron. Only
3 of the 30 samples had less than 0.1 part per million of iron,
7 had between 0.1 and 1.0 part, 11 had between 1.1 and 3.0
parts, and 11 had between 3.1 and 6.9 parts.

Greenhorn limestone—A few domestic and stock wells in the
northern half of Barton County derive water from the Greenhorn
limestone. Only one sample of water from the Greenhorn lime-
stone was analyzed (well 16-14-2¢b); it contained 856 parts per
million of dissolved solids and had a hardness of 306 parts. Both
the chloride and fluoride contents were low and the iron concen-
tration was 1.2 parts per million.

Carlile shale—The Fairport chalky shale member of the Carlile
shale yields small quantities of water to a few dug wells on the up-
land in northern Barton County. Samples of water from wells 16-
11-27cd and 16-14-26bb, which tap these rocks, differed considerably
in quality ; they contained, respectively, 678 and 2,277 parts per mil-
lion of dissolved solids and had 442 and 1,564 parts of hardness.

Undifferentiated Pletstocene—A few domestic and stock wells
in the immediate vicinity of Galatia in northwestern Barton County
obtain small supplies of water from sands and gravels of the un-
differentiated Pleistocene deposits. Only one sample of water
from these deposits was analyzed (well 16-15-15dc) ; it was a rela-
tively soft sodium chloride water that contained 1,203 parts per
million of dissolved solids and had a hardness of 73 parts. The
chloride content of this sample was 460 parts per million.

Meade formation—Analyses of 42 samples of water from the
Meade formation were made, 32 of which were collected from
wells (Tables 8 and 9) and 10 from test holes (Table 10). In
addition, three samples were collected from wells and analyzed
for their chloride content only. Most of the waters analyzed were
moderately hard to hard calcium bicarbonate waters. Of the
32 samples of water collected from wells, 4 had less than 200
parts per million of dissolved solids, 14 had between 201 and 300
parts, 11 had between 301 and 676 parts, 1 (well 22-11-2¢d1) had
1,959 parts, and 1 (well 21-11-27aa) had 2,150 parts. The hard-
ness of the 32 samples from wells ranged from 129 to 868 parts per
million. The iron content of these samples was relatively low—
18 of the 32 samples contained 0.1 part per million or less of iron,
13 contained between 0.11 and 1.1 parts, and 1 (well 25-11-15dd)
contained 11 parts. Locally, waters in the Meade formation in
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the immediate vicinity of Big Marsh and Little Marsh in north-
eastern Stafford County are high in chloride. Samples of water
from wells 21-11-27aa, 22-11-2cdl, 22-11-35ab, and 22-12-1ad
contained, respectively, 895, 835, 272, and 1,145 parts per million
of chloride. The chloride content of the other samples from wells
in the Meade formation in Barton and Stafford Counties ranged
from 6 to 121 parts per million.

In the buried lowland areas of Stafford County, waters near
the base of the Meade formation are highly mineralized. Wells
in these areas do not extend to the base of the Meade formation;
therefore, analyses of water samples from them do not show the
quality of the water at the base of the formation. Analyses of
samples of water collected from the lower part of the Meade
formation from nine test holes are given in Table 10. The mineral
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content of waters from test holes 22-11-5dc¢, 22-11-28be, and 23-13-
22bb, which encountered bedrock at shallow depths, was relatively
low. Samples of water from test holes 21-11-24cc, 21-12-25bb,
21-13-24bb, 22-12-23ce, 23-13-12aa, and 24-11-28dd, which are
located in areas of greater depth to bedrock (buried lowlands),
were highly mineralized. The dissolved solids in these samples
ranged from 1,584 to 62,178 parts per million and the chloride
ranged from 760 to 34,950 parts. The distribution of chloride in
the Meade formation from place to place and with depth in Stafford
County is shown in Figure 17.

The highly mineralized waters in the Meade formation probably
have their source in the underlying rocks—the Permian rocks, Chey-
enne sandstone, and Kiowa shale. These rocks are known to contain
highly mineralized waters. Where the highly mineralized waters in
these bedrock formations is under greater head than the water in the
overlying Meade formation, it moves upward into the Meade forma-
tion. The highly mineralized water tends to concentrate in the basal
part of the Meade formation and in the lowest places on the bed-
rock floor because of its greater specific gravity. At the same
time the upper part of the Meade formation is receiving fresh
water from infiltration of local rainfall. The resultant mineral-
ization of the water of the Meade varies with depth and with po-
sition above the bedrock floor. A high bedrock ridge trending ap-
proximately perpendicular to the direction of movement of ground
water (Fig. 11) has caused the highly mineralized waters at the
base of the Meade formation to be forced upward in northeastern
Stafford County. At Big and Little Marshes the waters are dis-
charged at the surface, causing high salinity in the waters in the
marshes, which is further concentrated by evaporation.

Sanborn formation—The quality of water in the Sanborn forma-
tion is indicated by the analyses of seven samples of water from wells
(17-11-31de, 17-11-86¢e, 18-11-15be, 18-14-25¢b, 18-14-30ch, 19-11-
6dd, and 19-12-13ad) tapping these deposits. These samples con-
tained 317 to 1,502 parts per million of dissolved solids and had 242
to 606 parts of hardness. Samples from wells 18-11-15bc, 18-14-
25cb, and 18-14-30cb contained excessive iron, having 5.0, 10, and
7.7 parts per million, respectively. One sample (19-12-13ad) con-
tained 560 parts per million of chloride; the chloride content of
the other six samples ranged from 16 to 174 parts per million.
The fluoride was low in all of the samples.

Alluvium —Sixteen samples from wells tapping alluvium in Bar-
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ton County were analyzed. One (well 19-13-4cc) of these repre-
sents treated water and, therefore, will not be considered in this
discussion. The other 15 samples were collected from widely scat-
tered wells in Arkansas, Dry Walnut, and Walnut Valleys, and
Cheyenne Bottoms. As would be expected, there is considerable
variation in the chemical character of the waters.

The hardness of samples of water from wells in alluvium ranged
from 202 to 904 parts per million, and the dissolved solids ranged
from 271 to 2,728 parts per million. In all but one sample (19-12-
6bc) analyzed, the fluoride was less than 1 part per million, and in
this sample it was only 1.1 parts. Four (17-12-31dcl, 19-12-6bc,
19-12-28cc, and 19-15-24bc) of the fifteen samples had more than
200 parts per million of chloride and eleven had between 17 and 168
parts of chloride.

CuEMICAL CHARACTER OF SURFACE WATER IN Bic MarsH VICINITY

The chloride analyses of five samples of water collected from
Rattlesnake Creek on October 2, 1942, indicate that highly min-
eralized waters enter this stream in the lower part of its course in
Stafford County. The results of the analyses are given in Table 11.
According to these analyses, the chloride content increases down-
stream and reaches the greatest concentration below Big Marsh at
the Stafford-Rice County line. A sample of water collected from
Little Marsh on the same day had 1,440 parts per million of chloride.
Two samples were collected from Big Marsh on October 10, 1942,
one sample being collected at the south side of sec. 6, T. 22 8., R. 11
W., from the small stream entering Big Marsh from the southwest
and had 1,690 parts per million of chloride. The other sample,
which was taken from the drainage ditch at the north side of sec.
27, T. 21 8., R. 11 W, contained 4,060 parts of chloride. A sample
of water from Big Marsh collected from the same spot on July 10,
1944, contained 10,870 parts per million of dissolved solids, 5,900
parts of chloride, 1.3 parts of iron, and had a hardness of 439 parts.
The above analytical results reported for creek waters represent con-
ditions at the time of sampling only and are not necessarily average
conditions that would be obtained if the sampling period extended
over a long period of time.

GrouND-WATER CONDITIONS BY AREAS

On the following pages the ground-water conditions in Barton
and Stafford Counties are described by areas that are classified pri-
marily on the basis of geologic source and depth to water level. The



136 Geological Survey of Kansas

eight major areas are (1) the upland and terrace areas of Barton
County in which the principal source of water is the Dakota forma-
tion; (2) the Galatia upland area, in which most of the wells tap
the Ogallala (?) formation; (3) the Great Bend prairie area; (4) the
Claflin terrace area; (5) the Cheyenne Bottoms-Blood Creek Valley
area; (6) the Walnut Valley and terrace area; (7) the Dry Walnut
Valley area; and (8) the Arkansas Valley area (Fig. 18). The up-
land and terrace areas of Barton County in which the principal
source of ground water is the Dakota formation have been subdi-
vided into the (1a) Olmitz-Susank-Beaver upland area; (1b) Hois-
ington area; (1c) Albert-Heizer upland area; and (1d) the Pawnee
Rock upland area. The Walnut Valley area has been divided into
the valley proper (6a) and the Walnut Valley terrace area (6b).

OLMITZ-SUSANK-BEAVER UPLAND AREA

The Olmitz-Susank-Beaver upland area comprises most of the
uplands in the northern half of Barton County and is underlain by
the Carlile shale and Greenhorn limestone (Fig. 18 and Plate 1).
About two-thirds of the wells in this area are deep wells that derive
water from sandstones in the Dakota formation. These wells range
in depth from about 35 to 275 feet, but most of them are 150 to 275
feet deep. The water level in them stands 18 to 203 feet below the
surface, although in most of them it is between 100 and 200 feet.
Adequate supplies of water for domestic and stock use can be ob-
tained from the Dakota formation almost everywhere in the Olmitz-
Susank-Beaver area. In some places, however, the water is highly
mineralized and unfit for many uses (p. 131). Chloride is the most
objectionable constituent in these highly mineralized waters. Of 17
samples of water collected from the Dakota formation in this area,
6 contained more than 1,000 parts per million of chloride and most
of them were high in iron and fluoride.

A few shallow wells in the Olmitz-Susank-Beaver upland area

TaBLE 11—Concentration of chloride in five samples of water collected October
2, 1942, from Rattlesnake Creek in Stafford County, Kansas

Chloride

SamrrLING PoINT (parts per

million)
NEY sec. 13, T. 24 S., R. 14 W., about 3 miles above St. John. . .. 14
West side sec. 1, T. 23 8., R. 13 W., about 3 miles above Hudson. .. 400
West side sec. 1, T. 23 S., R. 12 W., about 6 miles above Little Marsh 1,220
West side sec. 26, T. 22 S., R. 11 W., opposite Little Marsh....... 1,355
Stafford-Rice County line..........ccoveiiiiiiiiiniiiennnnnn. 1,810
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F1a. 18—Ground-water areas in Barton and Stafford Counties.
la, Olmitz-Susank-Beaver upland area; lb, Hoisington area; lc,
Albert-Heizer upland area; 1d, Pawnee Rock upland area; 2, Ga-
latia upland area; 3, Great Bend prairie; 4, Claflin terrace area;
5, Cheyenne Bottoms-Blood Creek Valley area; 6a, Walnut Valley
area; 6b, Walnut terrace area; 7, Dry Walnut Valley area; and
8, Arkansas Valley area.
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obtain small supplies of water for domestic and stock use from the
Greenhorn limestone or Carlile shale, or from alluvium in some of
the small valleys. Supplies from these sources in many places are in-
adequate even for domestic or stock use. The depth of the wells in
alluvium ranged from 9 to 19 feet, those in the Carlile shale ranged
from 20 to 48 feet, and those in the Greenhorn limestone ranged
from 23 to 124 feet.

Large supplies of water are not available anywhere in the Olmitz-
Susank-Beaver upland area, and locally it is difficult to obtain
adequate water of good quality even for domestic or stock use.

HOISINGTON AREA

The Hoisington area comprises two separate areas (1b, Fig. 18).
The one is a narrow strip, 0.25 to 2 miles wide, that includes the
dissected slopes between the uplands of northern Barton County
and the low areas of Blood Creek, Cheyenne Bottoms, and the
Claflin terrace area. The other part of the Hoisington area is the
divide area that separates Cheyenne Bottoms and Blood Creek from
the Arkansas Valley and the Walnut Valley terrace. The surface
formations in the Hoisington area include the Dakota formation,
Graneros shale, and Sanborn formation.

All the 20 wells in this area for which records were obtained are
small domestic and stock wells that tap the Dakota formation.
They range in depth from 30 to about 90 feet and the depth to water
level in them ranges from 15 to 78 feet below the surface. Samples
of water from seven wells (17-12-2¢b, 17-13-10dd, 17-13-31dd, 17-
14-33dd, 18-12-12bc, 19-12-15dd, and 19-13-11cb) in the Hoisington
area were collected and analyzed. The dissolved solids in these sam-
ples ranged from 330 (well 18-12-12bc) to 2,174 parts per million
(well 17-13-31dd) and the hardness ranged from 272 (well 18-12-
12bc) to 626 parts (well 19-13-11cb). The chloride was high in only
one sample (well 17-13-31dd)—1,030 parts per million.

Adequate water of satisfactory quality for domestic and stock use
is available from the Dakota formation almost everywhere in the
Hoisington area.

ALBERT-HEIZER UPLAND AREA

The Albert-Heizer upland area comprises the hilly divide be-
tween Walnut Valley and Dry Walnut Valley in west-central Bar-
ton County (Fig. 18 1c). The northern and highest part of this
area is underlain, from west to east, by the Greenhorn limestone,
Graneros shale, and Dakota formation. In the south part of the
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area these formations are covered by a comparatively thin mantle
of terrace deposits of the Sanborn formation.

Records were obtained for eight domestic and stock wells
(19-14-7dd, 19-14-16bb, 19-15-2ad, 19-15-3de, 19-15-6ab, 19-15-Tcd,
19-15-13ad, and 19-15-17cb) in this area, all but one (well 19-15-
6ab) of which derive water from sandstones of the Dakota forma-
tion. Well 19-15-6ab is an unused domestic dug well, 23 feet deep,
in the Greenhorn limestone. The water level in this well stands 11
feet below the surface. The depths of the seven wells in the Dakota
formation range from 56 to 99 feet and the depths to water level
in them range from 25 to 61 feet below the surface. An analysis
of a sample of water from well 19-14-7dd showed it to be moder-
ately hard but otherwise of good chemical quality.

PAWNEE ROCK UPLAND AREA

The upland and terrace areas separating Dry Walnut Valley from
Arkansas Valley in the southwestern corner of Barton County are
here referred to as the Pawnee Rock upland area. This is a dissected
area having moderate to steep slopes. The highest or west-central
part of the area is underlain by the Greenhorn limestone, Graneros
shale, and Dakota formation. The Dakota formation is also ex-
posed in the bluff of Arkansas Valley above Pawnee Rock. Else-
where in the Pawnee Rock upland area, the dissected surface of
these formations is covered by from less than 10 to about 60 feet
of silt and sandy silt of the Sanborn formation.

All but one (well 19-15-32db) of the nine recorded wells in the
Pawnee Rock upland area are in the upper part of the Dakota for-
mation. Well 19-15-32db, which is a small stock well 37 feet deep,
obtains its water from a thin lens of sand and gravel in the lower
part of the Sanborn formation. Wells 20-15-17bc and 20-15-19dd
in the highest or west-central part of the area are 146 and 163 feet
deep, respectively, and the water levels in them are 105 and 89 feet
below the surface. Elsewhere, the depths of the wells penetrating
sandstones in the upper part of the Dakota formation range from
40 to 84 feet and the depths to water level range from 12 to 62 feet.
The analyses of two samples (20-15-19dd and 20-15-22ba) of water
indicate that the waters in the Dakota formation in this area are
hard but otherwise of satisfactory quality for most uses.

Small to moderate yields are available to wells in the Pawnee
Rock upland area. Most of the existing wells are small wells drilled
to supply water for domestic and stock use. Although no detailed
record is available for it, a well drilled in 1947 for compressor water
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at a gas booster station in the SE74 SW1 sec. 6, T. 20 S, R. 15 W.,
had a reported yield of about 75 gallons a minute. The reported
depth of this well is 250 feet. Similar yields could probably be
obtained from deep wells in other parts of this area.

GALATIA UPLAND AREA

The Galatia upland area comprises about 6 square miles in the
vicinity of Galatia in northwestern Barton County (Fig. 18, area 2).
It is an elongate area trending northwest-southeast that is situated
on the high divide separating tributaries of Arkansas River drainage
from those of Smoky Hill River drainage. The surface is nearly
flat around Galatia and has gentle to moderate slopes around the
borders of the area. Unconsolidated clay, silt, sand, and some
gravel of early Pleistocene age, ranging in thickness from about
10 to 40 feet, overlie the dissected surface of the Carlile shale and
form the surface rock in the Galatia upland area.

Most of the wells in this area are shallow wells that obtain small
supplies of water from relatively thin deposits of sand and gravel
at the base of the Pleistocene deposits. The five recorded wells
(16-15-15del, 16-15-15dc2, 16-15-16da, 16-15-22de, and 16-15-25bc)
range in depth from 10 to 40 feet and the water levels in them
range from 7 to 32 feet below the surface. An analysis of a sample
of water from well 16-15-15dc2 shows it to be a relatively soft
sodium chloride water. It had a hardness of 73 parts per million
and contained 1,203 parts of dissolved solids, 460 parts of chloride,
1.2 parts of iron, and 2.2 parts of fluoride.

All existing wells in the Galatia upland area are domestic and
stock wells having small yields. Supplies of water adequate for
irrigation or industrial use probably are not available in this area.

GREAT BEND PRAIRIE AREA

The area covered by the Great Bend prairie is the same area as
described in the section on physiographic divisions under the same
name (pp. 44-48.) The Great Bend prairie includes all of Stafford
County and that part of Barton County lying south of the Arkansas
Valley. Nearly all the wells in the Great Bend prairie obtain water
from sand and gravel deposits of the Meade formation, which under-
lies the surface or is found at shallow depth beneath younger de-
posits everywhere in the area. A complete description of the thick-
ness and water-bearing characteristics of the Meade formation is
given on pages 68-71 of this report.

The Meade formation furnishes water to all irrigation, public-
supply, industrial, and most of the domestic and stock wells in the
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Great Bend prairie. These wells range in depth from about 15 to
116 feet, but most of them are between 25 and 75 feet deep. The
water table is shallow, being less than 25 feet below the surface
everywhere except beneath the highest sand dunes. In the valleys
of Rattlesnake Creek and the North Fork of Ninnescah Creek and
in the marshes the water table is generally less than 10 feet below the
surface and at a few wells (22-11-9bb, 22-11-10ce, 22-11-35ab,
22-12-12db, and 23-13-3aa) in northeastern Stafford County local ar-
tesian conditions exist and the head is above the surface (pp. 88-90).
A few shallow domestic and stock wells (21-11-22cb, 21-11-26ad,
22-11-3cd, 23-11-1be, 23-12-2cd, and 24-14-1aa), less than 15 feet
deep, obtain water from alluvium in Rattlesnake Valley and Big
Marsh.

Ground water in the Meade formation beneath the Great Bend
prairie is everywhere moderately hard, but in most places it is suit-
able for domestic, stock, irrigation, and public-supply use. In
northeastern Stafford County the ground ‘water locally is highly
mineralized and is not satisfactory for most uses. In some parts
of the Great Bend prairie, water in the lower part of the Meade
formation is too highly mineralized for most uses, but in these
areas most wells obtain adequate water of good quality from the
upper part of the Meade formation.

The sands and gravels of the Meade formation beneath the
Great Bend prairie are highly permeable and capable of yielding
large supplies of water to properly constructed wells. The yields
of existing wells in this area range from a few gallons a minute
for the small driven domestic and stock wells to nearly 1,000 gallons
a minute for the larger irrigation wells.

CLAFLIN TERRACE AREA

The Claflin terrace area includes approximately the same area
as the Cow Creek drainage basin (Fig. 8), the areal extent and
physiographic features of which have been described on pages 40-42.

The Sanborn formation underlies most of the surface of this
area and is the principal water-bearing formation. In the west-
central part of the Claflin terrace area the Sanborn formation is
overlain by dune sand. The Sanborn formation rests on the dis-
sected surface of the Dakota formation everywhere in this area.

Twenty-two of the 24 recorded wells in the Claflin terrace area
end in the Sanborn formation. These are small domestic and
stock wells having small to moderate yields. They range in depth
from about 20 feet to about 95 feet. The depth to the water table
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ranges from less than 10 feet in the valleys of Little Cheyenne
and Cow Creeks to about 60 feet beneath the higher hills in the
northern part of the area. The analyses of five samples (17-11-31dc,
17-11-36¢c, 18-11-15be, 19-11-6dd, and 19-12-13ad) of water from
wells in the Claflin area indicate that the water in the Sanborn
formation is moderately hard to hard, but otherwise is of satis-
factory quality for ordinary uses. The most highly mineralized
water (sample 19-12-13ad) contained 1,502 parts per million of
dissolved solids and 560 parts of chloride, and had a hardness of
606 parts.

Wells 18-11-4adl and 18-11-4ad2 in the Claflin terrace area are
public-supply wells that furnish water to the City of Claflin. They
are about 160 feet deep and derive water from sandstones in the
Dakota formation. The static water level in them stands about
32 feet below the surface. Well 18-11-4adl is reported to yield
200 gallons a minute with a 30-foot drawdown. The water is of
good chemical quality (analysis 18-11-4adl, Table 8).

CHEYENNE BOTTOMS-BLOOD CREEK VALLEY AREA

Descriptions of Cheyenne Bottoms and Blood Creek Valley
are given in the section on physiography (p. 40). Nearly all the
wells in this area derive water from alluvial deposits at relatively
shallow depth. The water table is everywhere less than 20 feet
below the surface, and in many places it is less than 10 feet.

The depths of 15 recorded domestic and stock wells in Cheyenne
Bottoms range from 15 to 63 feet. Most of these wells have low
yields because the alluvial materials that they tap are fine-grained
and have low permeability. The water from the alluvium beneath
Cheyenne Bottoms in many places is of poor quality. Four
samples (17-12-31de, 18-11-19bb, 18-13-15da, and 19-12-6be) of
water from wells in the alluvium of this area contained 449 to
2,728 parts per million of dissolved solids and had 310 to 904 parts
of hardness. A few wells in the Bottoms, especially near the edge
where the alluvium is thin, may obtain water from the underlying
Dakota formation. A shallow well in alluvium (17-12-31dc),
27.5 feet deep, in the SW14 SE14 sec. 31, T. 17 S, R. 12 W, was
replaced by a deeper well (17-12-31dc) in the Dakota formation
because of the hardness of the shallow water. Water from the
shallow well (17-12-31de) contained 1,272 parts per million of dis-
solved solids and had a hardness of 795 parts. Water from the
well in the Dakota (17-12-31dc), which is 60 feet deep, contained



Barton and Stafford Counties 143

972 parts per million of dissolved solids and had a hardness of 499
parts.

Small to moderate supplies of water are obtained from shallow
wells tapping alluvium in Blood Creek Valley. Wells 17-14-33aa,
17-14-36¢b, and 18-14-1da in Blood Creek Valley are 48, 16, and
52 feet deep, respectively, and the water levels in them in 1944 were
18, 5, and 7 feet below the surface.

WALNUT VALLEY AND TERRACE AREA

The Walnut Valley area is divided into two areas—the one com-
prising the valley proper (6a, Fig. 18) and the other comprising the
terrace that borders the north side of the valley (6b, Fig. 18). Phys-
iographic descriptions of these two areas are given on pages 42-43.

Walnut Valley proper is underlain by thick deposits of highly per-
meable sand and gravel that furnish moderate to large supplies of
water to wells. The water table there is shallow, being less than 25
feet below the surface everywhere according to reports and measure-
ments made in 14 wells in 1944. In 1944 there were eight irrigation
wells (18-15-28cc1, 18-15-28cc2, 18-15-30bd, 18-15-33ad, 18-15-34aa,
18-15-36ba, 19-14-4ca, and 19-14-9aa), two industrial wells (19-14-
6bbl and 19-14-6bb2), and an unknown number of domestic and
stock wells that tapped the alluvium in Walnut Valley. Most of the
small drilled or driven domestic and stock wells are 30 to 60 feet
deep, whereas the larger irrigation and industrial wells are 50 to 80
feet deep. The yields of the wells range from a few gallons a minute
for the shallow driven wells to about 1,000 gallons a minute for the
larger-diameter and deeper irrigation wells. The analyses (18-15-
30dd, 18-15-34ab, and 19-14-6bb3, Table 8) of three samples of
water indicate that, except for being hard, the ground water beneath
Walnut Valley is of good quality.

The water-bearing materials beneath the Walnut Valley terrace
area consist of terrace deposits of the Sanborn formation. They are
similar to the alluvium beneath Walnut Valley proper except that
the lenses of sand and gravel are not as widespread and in most
places are not as permeable. In some places, particularly along the
northern part of the area, little or no gravel is encountered. The
depths to water level in 12 wells in this area ranged from 20 to 54
feet below the surface in 1944. All the recorded domestic and stock
wells in this area tap sand or sand and gravel in the Sanborn forma-
tion and furnish small to moderate supplies of water. The depths
of these wells range from 28 to 90 feet. In 1944 there was one irriga-
tion well (19-13-6db) in the Walnut Valley terrace area, in the
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NW14 SE14 sec. 6, T. 19 S, R. 13 W. This well is 115 feet deep and
has a reported yield of 1,100 gallons a minute. According to the
driller’s log (pp. 193-194), 59 feet of saturated sand and coarse gravel
was encountered in well 19-13-6db between depths of 55 and 115 feet.
Analyses were made of samples of water from two wells (18-14-25¢cb
and 18-14-30cb) in the Walnut Valley terrace area. Both samples
were moderately hard but otherwise of good quality and satisfactory
for most ordinary uses.

DRY WALNUT VALLEY AREA

The Dry Walnut Valley area (7, Fig. 18) includes the valley area
occupied by Dry Walnut Creek and several short, broad reéntrant
valleys occupied by tributary streams (p. 43). Unconsolidated allu-
vial deposits consisting chiefly of clay, silt, and sandy silt but con-
taining minor amounts of sand and gravel and ranging in thickness
from 50 to 125 feet underlie this area. Most of the sand and gravel
is poorly sorted and occurs at the base of the alluvial fill. The
depths to water level in nine recorded wells ranged from 9 to 31 feet
below the surface in 1944.

Most of the wells in this area are shallow domestic and stock
wells having small yields. The depths of eight of the nine recorded
wells ranged from 24 to 34 feet. One well (19-15-15bb) is 235 feet
deep and obtains water from sandstones in the Dakota formation.
It was drilled to supply water for drilling an oil-test well. Samples
of water from wells 19-15-20aa, 19-15-24be, and 19-15-34aa, which
tap the alluvium at shallow depths, contained 271, 1,163, and 768
parts per million of dissolved solids and had 202, 342, and 452 parts
of hardness, respectively.

The yields of the existing shallow wells in the Dry Walnut
Valley area, although small, are adequate in most cases for do-
mestic and stock use. Greater yields could be obtained in some
places by deeper wells that penetrated the full thickness of the
alluvium. It is doubtful, however, that supplies adequate for ir-
rigation could be obtained anywhere in this area.

ARKANSAS VALLEY AREA

The Arkansas Valley area includes the present flood plain of
Arkansas River and associated low terraces bordering the flood
plain (Fig. 18 and pp. 43-44). It is an elongate area ranging in width
from about 2 to 8.5 miles. The surface of this area in most places
is relatively level and is underlain by unconsolidated silt, sand, and
gravel (alluvium and the Meade formation) ranging in thickness
from less than 50 feet to approximately 200 feet.
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The depths of 49 recorded domestie, stock, irrigation, industrial,
and public-supply wells in this area range from about 15 feet to
140 feet and the depths to water in them range from 2 to 26 feet
below the surface. Most of these wells derive water from the al-
luvium or the Meade formation, or both. The yields of wells in
the Arkansas Valley area range from a few gallons a minute for the
small driven domestic wells to more than 1,000 gallons a minute for
the larger irrigation wells. Most of the 13 recorded irrigation wells
have reported yields of 1,000 gallons a minute or more. Irrigation
wells 19-13-18db and 19-18-21cc have reported yields of 1,500 and
1,370 gallons a minute, respectively.

Waters from the alluvium and the Meade formation beneath
the Arkansas Valley are of satisfactory quality for most uses. Five
samples (19-12-28ce, 20-11-2ba, 20-11-18ba, 20-14-20bc, and 20-
15-33db) of water from the alluvium contained between 508 and
898 parts per million of dissolved solids and had between 242 and
450 parts of hardness. Samples from wells 19-13-28¢d, 19-13-34cd,
and 19-14-33cd in the Meade formation contained, respectively,
564, 379, and 422 parts per million of dissolved solids and had 260,
237, and 286 parts of hardness. For some industrial uses these
waters must be treated to reduce the hardness.

RECORDS OF TYPICAL WELLS

Descriptions of the wells visited in Barton and Stafford Counties
are given in Tables 12 and 13. All information classed as “re-
ported” was obtained from the owner, tenant, or driller. Depths
of wells not classed as “reported” are measured and given to the
nearest tenth of a foot below the measuring point described in the
tables, and depths to water level not classed as “reported” are
measured and given to the nearest hundreth of a foot.
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168 Geological Survey of Kansas

LOGS OF TEST HOLES AND WELLS

On the pages that follow are listed the logs of 127 test holes and
water wells and 3 partial logs of oil-test wells in Barton and Stafford
Counties. Of the logs, 106 are of test holes drilled by the State Geo-
logical Survey (Fig. 9), 20 are of test holes and water wells drilled
by private drillers, and 3 are partial logs of oil tests. The samples
of test holes drilled by the State Geological Survey were collected
and studied in the field by O. S. Fent, C. K. Bayne, or Delmar Berry
and were studied in the office by me.

16-15-9cc. Sample log of test hole at the SW cor. sec. 9, T. 16 8., R. 15 W,
Barton County; drilled 1945. Surface altitude, 2,003.0 feet.
Thickness, Depth,

feet feet
Soil, gray-brown .............ciiiiiii 1.5 1.5
QUATERNARY
Undifferentiated Pleistocene
Silt, gray, buff, and brown............ocovvirnrnin.... 5.5 7
Silt and clay, light-gray and fine gravel, sand, and
caliche ..ot 1.5 8.5
Gravel, fine to medium, and sand; contains caliche and
some coarse gravel .........iiiiiiiiiiiiiiiin... 6.5 15

CreTACEOUS—Gulfian
Carlile shale
Shale, calcareous, yellow........oovrvueineenneennnnnns 2 17

16-15-11cc. Sample log of test hole at the SW cor. sec. 11, T. 16 S., R. 16 W,
Barton County; drilled, 1946. Surface altitude, 1,988.9 feet.
Thickness, Depth,

feet feet
Road fill and soil.......oiiiiiiiiinieneieennnn.s, 3 3
QUATERNARY
Undifferentiated Pleistocene
Silt, greenish-gray and brown......................... 8 11
Silt and clay, white to light-gray; contains fine gravel,
sand, and caliche................ccviiiiiiininn... 6.5 17.5
Gravel, fine to medium, and sand...................... 0.5 18

Creraceous—Gulfian
Carlile shale
Shale, calcareous, yellow and white.................... 2 20

16-15-21aa. Sample log of test hole at the NE cor. sec. 21, T. 16 S., R. 16 W,

Barton County ; drilled, 1946. Surface altitude, 2,006.0 feet.
Thickness, Depth,

feet feet
Road fill and s0il.....ouvervuniniiiiiiie e 3 3
QUATERNARY
Undifferentiated Pleistocene
Silt, greenish-gray to yellow-gray........oooveuvuenn... 7 10
Silt, light-gray to brown; contains fine gravel and sand, 8 18

Gravel, fine to medium, and sand.................... 6 24
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Creracsous—Gulfian Thickness,  Depth,
Carlile shale feet feet
Shale, calcareous, yellow. ....cvvvveiierinenneennnenne. 1 25

16-15-22dd. Sample log of test hole at the SE cor. sec. 22, T. 16 8., R. 16 W,
Barton County; drilled, 1946. Surface altitude, 1,999.4 feet.

UATERNARY
Q Thickness, Depth,

Undifferentiated Pleistocene feet feet
Silt, gray, buff, and brown..........cooiiiiiiiiiinn.. 15 15
Silt, sandy, buff; interbedded with fine to coarse sand

from 18 t0 20 feet. . ovveven e eniiiiiinneeennns 7 22
Gravel, fine to medium, and sand.................... 14 36

CreracEoUs—Gulfian
Carlile shale
Shale, calcareous, dark-gray.......c.oovvvueinnenneennns 3 39

16-15-23aa. Sample log of test hole at the NE cor. sec. 23, T. 16 S, R. 16 W.,

Barton County; drilled, 1945. Surface altitude, 1,973.0 feet.
Thickness, Depth,

feet feet
Road fill and soil....cviiiiirinniiiiiiiiieinnnnnn 3 3
QUATERNARY
Undifferentiated Pleistocene
Silt and clay, gray and yellow........coovvviniinnnnnn. 8 11
Creraceous—Gulfian
Carlile shale .
Shale, calcareous, white, yellow, and yellow-brown..... 4 15

16-15-25cc. Sample log of test hole at the SW cor. sec. 25, T. 16 S., R. 16 W .,
Barton County; drilled, 1945. Surface altitude, 1,996.3 feet.
Thickness, Depth,

feet feet
Road fill ..ooiiniiiiiiii it i e eiaeeennn 2 2
QUATERNARY
Undifferentiated Pleistocene
Silt, gray, brown, and buff; contains nodules of caliche.. 25 27
Gravel, fine to medium, and sand..................... 8 35
Sand and gravel, lime-cemented, very hard, white...... 0.5 35.5
CrETACEOUS—QGulfian
Carlile shale
Shale, calcareous, yellow and white.................... 4.5 40

16-15-33aad. Sample log of test hole in the SEY4 NEY% NEY% sec. 33, T. 16 8.,

R. 15 W., Barton County; driled, 1945. Surface altitude, 1,998.9 feet.
Thickness, Depth,

feet feet
Soil, dark-gray .....coeeiiiiiiieiiiiiiiiii e 3 3
QUATERNARY
Undifferentiated Pleistocene
Silt, gray and gray-brown...............cciiiiiiin.... 6 9
Silt and clay, sandy, yellow .......ccoieviiiinennnnnn.. 1 10

CrETACEOUS—Gulfian
Carlile shale
Shale, calcareous, yellow.......cvviiiiiiieniinninennnn 10 20
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17-11-17cc. Sample log of test hole at the SW cor. sec. 17, T. 17 S, R. 11 W.,

Barton County; drilled, 1945. Surface altitude, 1,859.5 feet.
Thickness, Depth,
feet feet

Road fill and soil, dark-gray.......oceeeiirinrennneenn 2 2

QuUATERNARY—Pleistocene
Sanborn formation

Silt and clay, greenish-gray............... ...l 10 12
Silt, buff; contains sandstone pebbles from 50 to 52 feet
and caliche nodules throughout..................... 40 52

CreTACEOUS—Gulfian
Graneros shale
Clay, gray and white, and yellow and white fine- to
medium-grained sandstone......................... 4 56

17-11-32cc. Sample log of test hole at the SW cor. sec. 32, T. 17 S, R. 11 W.,

Barton County; drilled, 1945. Surface altitude, 1,824.8 feet.

Thickness, Depth,
eet feet

Road fill and soil, gray-brown......................... 2 2
QUATERNARY—Pleistocene
Sanborn formation

Silt and clay, gray to brown...............ooiiiiiat. 3 5
Silt, sandy, buff..........c i i 15 20
Silt and clay, buff, gray-buff, light-gray, and light-brown;

contains fine to medium sand and nodules of caliche.. 80 100
Silt, sandy, gray-buff; contains sandstone and “iron-

stone” pebbles in lower part........................ 1 111

Creraceous—Gulfian
Dakota formation
Clay and shale, yellow and gray-white, and white fine-
to medium-grained sandstone....................... 4 115

17-12-29dd. Sample log of test hole at the SE cor. sec. 29, T. 17 8., R. 12 W,

Barton County; drilled, 1945. Surface altitude, 1,849.4 feet

Thickness, Depth,
feet feet

Road filland soil......ovveviieeniiii i, 3.5 3.5

QUATERNARY—Pleistocene
Slope deposits
Silt, gray to brown. .......cooviiiiiiii i 9.5 13
Silt, buff and gray; contains many weathered fragments
derived from Dakota formation and Greenhorn lime-
170 VN 15 28

CRETACEOUS
Dakota formation (Gulfian)
Sandstone, fine- to medium-grained, white; contains
some limonite and gray, white, and red clay.......... 14 42
Clay, light- to dark-gray and mottled red and yellow;
contains some fine to medium sand................. 43 85
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Thickness, Depth,

Clay, light- to dark-gray mottled red and yellow, inter- feet feet

bedded with sandstone from 85 to 92 feet, 100 to 104

feet, and 127 to 181 feet.....cveeineninnennnnnnnns 65 150
Sandstone, fine- to medium-grained, white ; contains thin

beds of dark-gray clay and carbonaceous material.... 31 181
Clay, gray and red........coviiiiiiiniinininnneinnn, 50 231

Kiowa shale (Comanchean)

Shale, sandy, dark-gray; contains pyrite............... 9 240
Clay, light-gray, interbedded with white fine-grained

sandstone; contains pyrite..............iiiiiiiat. 14.5 254.5
Sandstone, fine-grained, white, and light-gray shale..... 1.5 256

Shale, light- to dark-gray; contains much fine to

medium sand and some pyrite; interbedded with

sandstone from 278 to 286 feet.................... .. 58 314
Sandstone, fine-grained, hard, gray, and blue-gray

sandy shale; contains thin bed of hard pyritic sand-

stone at 314 feet... ... ..ot 8 322
Shale, sandy, dark blue-gray to black, and fine-grained
hard sandstone; contains some pyrite€............... 48 370

17-14-6bb. Sample log of test hole at the NW cor. sec. 6, T. 17 8., R. 14 W,
Barton County; drilled, 1946. Surface altitude, 19720 feet.

Thickness, Depth,

feet feet
S01l, gray oot e 1.5 1.5
QUATERN ARY
Undifferentiated Pleistocene
Silt, gray and tan to brown; contains
nodules of caliche.............cci i, 14.5 16
Silt and clay, sandy, calcareous, white and yellow...... 4 20

CreTACEOUS—Gulfian
Carlile shale
Shale, calcareous, light- to dark-gray and yellow; thin
bed of gray hard limestone at 3% feet................ 21 41

17-14-35dd. Sample log of test hole at the SE cor. sec. 35, T. 17 S, R. 14 W.,
Barton County; drilled, 19456. Surface altitude, 1,832.1 feet.
Thickness, Depth,

feet feet
Road fill ..o i e e e 2 2
QuUATERN ARY—Pleistocene and Recent
Alluvium

Silt and clay, sandy, light- to dark-gray, blue-gray and

BTAY-BIEEIL .. ueneenneeenenneseeeaeeaeeeeaneens 38 40

Sand, fine, to medium gravel; silty.................... 16 56

Silt, sandy, gray......ccoviiiiiiiiiiii i e 9 65
Gravel, fine to very coarse, and sand; contains some

BraY Clay e 7 72

Silt, sandy, yellow-gray to blue-gray................... 6 78
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Creraceous—Gulfian Thickness,  Depth,

Dakota formation feet feet
Clay, white; contains sand and thin beds of fine-grained

sandstone ... 5 83

Sandstone, fine- to medium-grained, white............ 7 90

17-15-1dd. Sample log of test hole at the SE cor. sec. 1, T. 17 S,R.16 W,
Barton County; drilled, 1945. Surface altitude, 1,9613 feet.
QUATERNARY

Undifferentiated Pleistocene hieeress  Depih,
Silt, gray t0 brown........oovuvueen e, 4 4
Silt and clay, light-gray and tan; contains caliche...... 9 13
Silt and clay, light gray; contains caliche, sand, and

fine to medium gravel ................ciiiiiiin.... 7 20
Gravel, fine to medium, and sand..................... 3.5 23.5

CreTACEOUS—QGulfian
Carlile shale
Shale, calcareous, buff and dark-gray; contains thin
beds of limestone at 23.5, 26.5, 28, and 29.5 feet...... 6.5 30

18-10-31cc. Sample log of test hole at the SW cor. sec. 31, T. 18 S., R. 10 w.,
Rice County; drilled, August 1946. Surface altitude, 1,760.2 feet.

N oy
QUATERNARY—Pleistocene Thickness,  Depth,

Sanborn formation feet feet
Sand, very fine to medium, and silt; dark-gray and
Eray-broWn ........oouiniiiiiie 3 3
Silt and clay, light greenish-gray; contains some fine to
medium sand ... 5 8
Silt, calcareous, buff and tan; contains much medium
fine sand ...l 20 28
Sand, fine to very fine...........oiiiiiiiiieeinn.., 9 37
Silt, light-gray and buff, and medium to fine sand...... 14 51
Silt, calcareous, tan; contains some fine sand and con-
cretionary calcium carbonate ...................... 27 78
CRETACEOUS
Dakota formation (Gulfian)
Clay, light-gray, mottled red and yellow.............. 12 90
Sandstone, silty, very fine to fine, gray and yellow-
Brown . .oui e 15 105
Kiowa shale (Comanchean)
Shale, fissile, blue-gray..........veueeenrnnrunnnnnnnns 1 106

18-11-2dd. Sample log of test hole at the SE cor. sec. 2, T. 18 S,R. 11 W,
Barton County; drilled, 1946.

Thickness, Depth,
feet feet

Road fill voovnieiiii i e 2 2
QUATERNARY—Pleistocene
Sanborn formation
8ilt, sandy, tan to brown and dark-gray................ 4.5 6.5
Silt, buff, brown, and gray; contains nodules of caliche.. 9.5 16
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Thickness, Depth,

feet feet

Silt, sandy; contains caliche..........coovvuvinnnnnnn. 29 45

Silt, tan; contains sand, gravel, and caliche............ 5 50
Silt, sandy, white and tan to brown; contains-some

caliche ....ovviiiiiiiiii ittt e 22 72

Silt, tan; contains gravel from the Dakota formation... 5 77

CreTACEOUS—QGulfian
Dakota formation
Clay and shale, light-gray, red, and yellow............ 13 90

18-11-13dd. Sample log of test hole at the SE cor. sec. 13, T. 18 S, R. 11 W,

Barton County drilled, 1945. Surface altitude, 1,768.0 feet.

Thickness, Depth,
feet feet

Road fill ..ottt ittt ee s 2.5 2.5
QUuATERNARY—Pleistocene
Sanborn formation
Silt and clay, light-gray, greenish-gray, tan, and brown;

contains some caliche nodules...................... 104.5 107
Gravel, fine to coarse, sand, and silt; gray; gravel is
derived from the Dakota............cooviviin.... 2 109

Creraceous—Gulfian and Comanchean
Dakota formation and Kiowa shale, undifferentiated
Sandstone, fine- to medium-grained, white to yellow,
and light blue-gray and pale-yellow shale; contains

bedded “ironstone” in upper part.................. 75 184
Clay, dull yellow.....ccvvireiiiiiiiiiiiiiinnennnnn, 2 186
Shale, fissile, blue-gray; contains limonite and pyrite... 11.5 197.5
Claystone, very hard, gray........ccovviiiveinnneennn. 0.5 198
Shale, light blue-gray, and thin beds of hard limestone

and sandstone ...........iiiiiiiiiiiiii i 15 213

Shale, gray and light-gray, interbedded with gray-white
fine-grained sandstone; contains very hard calcareous

zone at 213 to 214 feet and pyrite................... 11 224
Shale, dark-gray; contains shell fragments between 224

to 232 feet and gypsum at 249 feet.................. 25 249

Cheyenne (?) sandstone (Comanchean)

Shale, sandy, Whit€.....cvvetrierrnrenneennnenneenns 2 251
Siltstone, hard, white........ccoeviiiiiiiieennennn. 3 254
Shale, sandy, gray-pink and gray-white................ 4 258
Shale, light greenish-gray, interbedded with fine-grained

SANASEONE .oiittiii i i i e 15 273

PerMIAN

Shale; Ted «ovviveiiiiiiiiii it e 7 280

18-11-15cc. Sample log of test hole at the SW cor. sec. 15, T. 18 S, R. 11 W,
Barton County; drilled, 1946. Surface altitude, 1,784.8 feet.
QUAmRNARY—Ple1§tocene Thickness,  Depth,
Sanborn formation feet feet
Silt, and clay, light-gray.........coooiiiiiiiiiiian., 2.5 2.5

Silt, and clay; sandy, tan to brown, gray-white, and
light blue-gray; contains nodules of caliche.......... 77.5 80
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Thickness,
feet
Silt, buff to light gray-brown.......................... 10
Silt, tan, yellow-brown, and light-gray to blue-gray; and
fine to medium sand............c.oiiiiiiiiiin... 30
Gravel, fine to medium, and sand; derived from Cre-
taceous rocks; contains some coarse gravel and buff
531 20.5
CreTACEOUS—Gulfian
Dakota formation
Clay, light blue-gray; contains siderite pellets.......... 3.5

Depth,
feet

90
120

140.5

144

18-11-19aa. Sample log of test hole at the NE cor. sec. 19, T. 18 S, R. 11 W,

Barton County; drilled, 1945. Surface altitude, 1,8206 feet.

QUATERNARY

Dune sand (Pleistocene and Recent) Th}il«;t’,‘ess'
Sand, fine to medium, silty................c.ooiu... 31
Sanborn formation (Pleistocene)
Silt, buff and light-gray ; contains nodules of caliche.... 47
Silt and clay, tan and white; contains few pebbles of
SANAStONE ...ttt e e 3
CRETACEOUS
Dakota formation (Gulfian)
Clay, varicolored; contains small limonite nodules from
96 to 106 feet .....ooiieii i 56
Clay, mottled light-gray and red; contains fine sand and
sandstone pellets ............coiiiiiiinininnnnnn.. 4
Clay, varicolored ...........cooviiiiiiiiiininnnnnn... 32
Clay, white; contains fine to medium sand and pyrite... 7
Clay, gray ..ottt e 6
Clay, bright-green, and medium sand................. 5
Clay, gray, and gray fissile shale; contains pyrite and
thin beds of hard claystone........................ 19
Sandstone, fine-grained, white, and gray-white clay;
€ontains PYIIe ...ournenn i e eeeeeeanananns 16
Kiowa shale (Comanchean)
Shale, gray ........ccoiiiiiiiiiii 9
Sandstone, fine-grained, partly calcareous, light-gray
towhite ... 3
Clay, light-gray, interbedded with white fine-grained
sandstone; contains some carbonaceous material. . ... 12
Shale, gray and blue-gray ............cooviunirnnnnn.. 16
Sandstone, fine-grained, very hard, calcareous, white to
light-gray; contains pyrite ......................... 3.5
Shale, light-gray to blue-gray; contains thin beds of
light-gray fine-grained sandstone.................. 33.5
Siltstone, very hard, partly calcareous, sandy; contains
<2 g o 11T 6

Depth,
feet

31

78

81

137
141
173
180
186
191
210
226
235
238

250
266

269.5

303

309
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18-11-19bb. Sample log of test hole at the NW cor. sec. 19, T. 18 8., R. 11 W,
Barton County; drilled, 1946. Surface altitude, 1,799.3 feet.

—Pleisto nt
QuaTerNARY—Pleistocene and Rece Thickness,  Depth,

Alluvium feet feet
Sand, fine to medium, silty, gray tobuff................ 4 4
Silt and clay; brown to buff and gray-green; contains

some sand and nodules of caliche.................... 5 9
Sand, fine to medium. ..ottt 3 12

CreracEOUS—Gulfian
Dakota formation

Clay, light-gray and yellow ..............coiiiinin 6 18
Sandstone, fine-grained, and light-gray, red, and yellow

SANAY Clay . ..viiiit i i e, 7 25
Clay, light- to dark-gray and mottled gray and red..... 73 98
Sandstone, fine-grained, hard, calcareous, light-gray

to buff ... e e 1 . 99
Clay, light blue-gray, mottled red and yellow........... 45 144
Clay, gray-white, interbedded with white fine-grained

SandStone ... ..ttt 3 147
Shale, dark blue-gray and green; contains some sand-

stone and pyrite ..... ..ttt 9 156
Shale, Eray «...vuviriniiiiiii ittt 7 163
Sandstone, fine- to medium-grained, white; interbedded

with gray shale ...........cciiiiiiiiiiiiennnnn, 7 170
Clay, pyritic, sandy, blue-gray........ocovvviiniinnenn. 6 176
Clay, gray-white to light blue-gray; contains some

sandstone, carbonaceous material, and pyrite........ 20 196

18-11-20dd. Sample log of test hole at the SE cor. sec. 20, T. 18 8, R. 11 W .,

Barton County; drilled, 1946.

Thickness, Depth,
feet feet

207X 5 1 | A 2 2
QuaTERNARY—Pleistocene
Sanborn formation

Silt, gray and gray-brown................ooiiiiiiai, 7 9
Sand, very fine to fine, buff............... ... ... 3 12
Silt and sand, buff to brown.................... ... ..o 11 23
Silt, sandy, tan to brown and gray to white............ 12 35
Sand, very fine to fine, and silt................oll, 11 46
Silt, sandy, gray, white, and brown.................... 16 62

CreracEoUs—Gulfian
Dakota formation
Clay, varicolored .........oouiiiiiiiiiniiinnnennannns 12.5 74.5

18-11-24bb. Sample log of test hole at the NW cor. sec. 24, T. 18 S, R. 11 W,

Barton County; drilled, 19456. Surface altitude, 1,771.8 feet.

Thickness, Depth,
feet feet

Road fill and soil; dark-gray.........ccovevveeennnnnn 2 2
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QUATERNARY—Pleistocene

. Thickness, Depth,
Sanborn formation

feet feet

Silt, tan to brown and gray...........cooeiiiniinnn... 8 10

Silt, sandy, buff; contains caliche..................... 64 74

Silt and clay; sandy, light-gray and buff............... 36 110
Gravel, fine to medium, and sand; derived from Cre-

taceous rocks; contains some buff silt............... 3 113

CreTACEOUS—QGulfian
Dakota formation

Clay, light-gray and yellow, and some “ironstone”..... 3 116

18-11-31cc. Sample log of test hole at the SW cor. sec. 31, T. 18 S, R. 11 W.,
Barton County; drilled, 1946.

Thickness, Depth,
feet feet

Road fill wvvivniiii i 1 1

QUATERN ARY—Pleistocene
Sanborn formation

Silt, sandy, gray and brown................couvun.... 7 8
Sand, very fine to medium.............covvuiriinn.... 3 11
Silt, sandy, buff............oo i 16 27
Silt and very fine to fine sand; partly iron-stained, buff, 8 35
Silt, sandy, tan to brown and gray to white............ 45 80
Silt, light-brown; contains gravel composed of sand-

stone, “ironstone,” caliche, and clay pebbles........ 4 84

CreracEous—Gulfian
Dakota formation

Sandstone, red, tan, and brown, and a small amount of
white clay ...ooiiiii 18 102

18-11-36aa. Sample log of test hole at the NE cor. sec. 36, T. 18 S,R.11 W,
Barton County; drilled, August 1946. Surface altitude, 1,749.5 feet.
QUATERN ARY—Pleistocene

A Thickness, Depth,
Sanborn formation feet feet
Sand, very fine to fine, and silt; dark-gray............. 3 3
Sand, very fine to fine, and silt; light gray-buff ; contains
some concretionary calcium carbonate.............. 4 7
Silt, light-gray ; contains much very fine to fine sand.... 29 36
Gravel, fine to coarse, and sand....................... 7 43
Sand, very fine to medium, and silt; gray.............. 5 48
Silt, calcareous, buff, and very fine sand; contains some
concretionary calcium carbonate.................... 30 78

Meade formation
Silt, light-gray, and very fine sand ; contains a few “iron-

stone” pebbles ...... et 7 85
Gravel, fine to medium, and sand...................... 9 94
Sand, fine, and silt; light-buff......................... 6 100
Gravel, medium to fine, and sand...................... 5 105

CreracEOUS—Comanchean
Kiowa shale
Sandstone, fine, white.............ovveeernnneonn. .. 13 118
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18-12-4bb. Sample log of test hole at the NW cor. sec. 4, T. 18 S, R. 12 W,

Barton County; drilled, 1945. Surface aliitude, 1,805.0 feet

Thickness,
feet -
Road fill and soil........coiinniiiiiiiiii i 2
QuarerNARY—Pleistocene and Recent
Alluvium
Silt and clay; gray, gray-brown, and gray-green........ 11
Silt, light-brown, and fine to medium sand ............ 5
Silt, light-brown, gray, and blue....................... 11
Silt, light-brown and blue, and very fine to medium
sand ..........l S PP 7
CRETACEOUS
Dakota formation (Gulfian)
Clay, light blue-gray and mottled red and yellow; con-
tains limonite pellets from 48 to 50 feet and from
60 10 70 feet. .. vvriie ittt ieiiiiieeiiei e, 40
Clay, gray; contains streaks of carbonaceous material,
pyrite, and thin beds of sandstone.................. 12
Clay, gray and green-gray, lignitic in lower part........ 13
Sandstone, fine-grained, silty, gray-white.............. 2
Clay, gray; contains fine sand and thin beds of hard
siltstone .........o.oiLll, e 7
Sandstone, fine- to medium-grained, light gray-brown
to white, interbedded with gray carbonaceous clay... 8
Clay, light blue-gray and mottled red and yellow green;
contains small iron pellets from 120 to 126 feet...... 52
Clay, White....ovviiiiiinien i ieiienienneennnns 3
Kiowa shale (Comanchean)
Shale, sandy, dark-gray; contains pyrite ............ .. 7
Sandstone, fine- to medium-grained, light-gray and gray
LAy i et 5
Clay, pyritic, sandy, gray, and light gray-brown sand-
70 4 LA 13
Sandstone, fine-grained, very hard, gray................ 1
Clay, sandy, gray and blue-gray; contains pyrite and
thin beds of sandstone.........................ol. 31
Shale, gray; contains pyrite..........coveiiiininnnn... 26

Depth,
feet

2

13
18
29

36

76
88
101
103
110
118

170
173

180

185

198
199

230
256

18-12-16bb. Sample log of test hole at the NW cor. sec. 16, T. 18 S, R. 12 W .,

Barton County; drilled, 1946.
QuATERNARY—Pleistocene and Recent
Alluvium
Silt, clayey, light to dark-gray and black...............
Silt, sandy, yellow-brown...............ccooiiinn..
Silt, brown......ooviiiiiiiiiii i
Clay and silt; light-gray to light-blue..................
Silt, sandy, brown........ooiiiiiiiiii i
Silt, clayey, light-gray, light-blue, and buff

12—3191

Thickness,
feet

10

Depth,
feet

10
13
15.5
17.5
20
30
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Thickness, I;epth,

feet eet
Silt and clay; sandy, light to dark-gray, brown and buff, 28 58
Silt and sand; tan to brown............cooiiiiiiiin.. 5 63

CreTAcEOUS—QGulfian
Dakota formation :
Shale, white to gray, red, and yellow.................. 7 70

18-12-21cc. Sample log of test hole at the SW cor. sec. 21, T. 18 S, R. 12 W,
Barton County; drilled, 1946.

Q,UATERI\{ARY—PleiStocene and Recent Thickness,  Depth,
Alluvium feet feet
Silt, clayey, light-gray to black; contains shell frag-
0473 X 7 12 12
Silt, sandy, brown........cccoiiiiiiiiiiiiiii e 5 17
Silt, clayey, light-gray, buff, and brown................ 3 20
Silt, BrOWn. .ottt ittt e e 10 30
Clay, blue-gray.....cooviiiiiiiiiiiiiiieneeennnnnnnns 20 50
Clay and silt; blue-gray and buff...................... 10 60
Silt, sandy, buff to brown................ ..o, 10 70
Silt, sandy, gray and blue-gray; contains fragments of
sandstone, “ironstone,” and shells................... 31 101
Gravel, fine, sand, and silt; poorly sorted; derived
mainly from Dakota formation..................... 11 112
CreTACEOUS—Gulfian
Dakota formation
Shale, blue-gray; contains pyrite............coovue... 8 120

18-13-4aaa. Sample log of test hole in the NEY4 NEY: NEY% sec. 4, T. 18 S., R.

18 W., Barton County; drilled, 1945. Surface altitude, 1,8643 feet.
Thickness, Depth,

feet feet
Silt, yellow-gray and light tan; contains caliche nodules
and sandstone fragments.........cceveeievinnennnnn. 7 7
CRETACEOUS
Dakota formation (Gulfian)
Sandstone, fine-grained, yellow, brown, and white, inter-
bedded with blue-gray clay; contains some “iron-
Stome” L e it e e, 21 28
Clay, light blue-gray; contains very small pellets of
hard sandstone .........iieiiiiiiiiiiiii i, 11 39
Clay, light blue-gray, red, and yellow; contains hema-
5= 34 73
Sandstone, fine- to medium-grained, yellow-brown..... 14 87
Clay, blue-gray, red, and yellow; contains white fine-
grained sandstone from 94 to 95 feet and “ironstone”
from 153 t0 158 feet.....cvvviviiiinennnennnnnnnn. 93 180
Clay, light blue-gray; contains thin beds of coal from
185 to 186 feet and pyrite from 186 to 190 feet....... 10 190
Clay, light-gray; contains pyrite.........coovvuvenn... 6 196

Sandstone, very fine- to medium-grained, hard, gray... 1 197
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Thickness, Depth,

feet feet
Clay, light-gray to blue-gray, and pyrite.............. 15 212
Clay, gray-white; contains fine sand, thin beds of sand-
stone, and many small sandstone pellets............ 3 220
Kiowa shale (Comanchean)
Clay, gray coeveierterereereereeisssessesesnssnnnnnnns 6 226
Sandstone, fine-grained, hard, gray and gray-white..... 5 231
Clay, light- to dark-gray; contains much sand and a few
thin beds of sandstone...........ccoevviiiiiinnnen 19 250
Shale, gray .oveeeererriieiierreirneeeieeeneaneenns 23 273
Limestone, pyritic, very hard, sandy, gray-white....... 1 274

18-13-6dd. Sample log of test hole at the SE cor. sec. 6, T. 18 S, R. 13 W,

Barton County; drilled, 1946. Surface altitude, 1,821.4 feet.
Thickness, Depth,

feet feet
Road fill ...uiiir ittt e i 2 2
QuATERNARY—Pleistocene and Recent
Alluvium

Silt, gray and buff.......cooiiiii e 28 30

Silt, light-gray to blue-gray, and fine to coarse sand.... 20 50
Sand, fine to coarse, and silt; contains some fine to

medium gravel ......ooiiiiiiiiiiii e 20 70
Gravel, fine to medium, and sand; coarse material is

Cretaceous derived .......coviriiiiinnennnnennennnn 7 77

Silt, sandy, gray-green and white............ooooitl 5 82

Gravel, fine to coarse, and sand..................u..n. 6 88

CreETacEOUS—Gulfian
Dakota formation
Clay, light-gray and red.............coooiiiiiiiiiie, 2 90

18-13-9aa. Sample log of test hole at the NE cor. sec. 9, T. 18 8., R. 13 W .,
Barton County; drilled, 1945. Surface altitude, 1,805.2 feet.
Thickness, Depth,

feet feet
Road fill ..oviriiiiii ittt i ettt 2 2
QuaTERNARY—Pleistocene and Recent
Alluvium
Silt and clay ; light-gray to greenish-gray and light-blue;
contains caliche nodules ............c.coeiiinan.. 16 18
Sand, very fine to fine, and silt; brown ............... 2 20
Silt and clay; blue-gray ........ccceiiiiiiiiiiiiina.. 10 30
Silt and clay; sandy, blue-gray and brown............ 7 37
CRETACEOUS )
Dakota formation (Gulfian)
Clay, red, yellow-brown, and light- to dark-gray; con-
tains some fine to medium sand.................... 37 74
Sandstone, silty, white to gray; contains some blue-gray
shale and carbonaceous material ................... 24 98
Lignite, brown to black.........coviiiiinniinen... 1 99

Sandstone, medium-grained, white; contains pyrite and
some light-gray carbonaceous clay.................. 25 124
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Thickness, Depth,

feet feet
Shale, light-gray, and fine- to very coarse-grained sand-
1702 0= 3 127
Shale, partly carbonaceous, gray; contains sandstone
pellets from 135 to 137 feet and thin beds of coal
from 145 to 148 feet .....covvvviieeiiiiiinnnnnnnnn 21 148
Kiowa shale (Comanchean)
Shale, sandy, light-gray to dark blue-gray............. 18 166
Sandstone, fine-grained, very hard, silty, white......... 3 169
Shale, light- to dark-gray, interbedded with some light-
gray very fine-grained sandstone................... 76 245
Sandstone, very hard, calcareous, white; contains pyrite, 0.5 245.5

18-13-21aa. Sample log of test hole at the NE cor. sec. 21, T. 18 S, R. 13 W,
Barton County; drilled, 1945. Surface altitude, 1,806.3 feet.
Thickness, Depth,

feet feet
Road fill and s0il.....oiveeiiii it iii e 3 3
QUATERNARY—Pleistocene and Recent
Alluvium
Silt and clay; gray-buff, light-gray to greenish-gray,
light-brown, and yellow-brown..................... 45 48
CRETACEOUS

Dakota formation (Gulfian)
Clay, sandy, carbonaceous, dark-gray amd mottled

yellow-brown .......... ..ottt 10 58
Sandstone, fine- to medium-grained, white; contains

thin beds of gray clay, lignite, and pyrite........... 5 63
Clay, BraY viveeiriiiireniiererenanene eeeevennns 7 70

Sandstone, medium-grained, white, interbedded with
gray shale; contains carbonaceous material and py-

0 (7 N 8 78
Clay, light-gray; contains pellets of hard iron-cemented

(5729 0 Yo 151710} 1 -SSR 4 82
Sandstone, fine- to medium-grained, white, interbedded

with light-gray clay.......covviiiiiiiiiiiiinanen.. 8 90
Clay, light-gray, red, and yellow; contains limonite and

thin beds of sandstone...........cccovvevvuniinnnn.. 39 129

Kiowa shale (Comanchean)

Clay, sandy, pyritic, blue-gray........ccocvveeeinn.... 16 145
Shale, hard, greenish-gray; contains pyrite and light-

gray fine-grained hard lignitic sandstone............. 15 160
Shale, light-gray .......coviviiiiiiiiiiennnnnenennnns 3 163
Sandstone, fine- to medium-grained, hard, pyritic, light-

0 2 2N 4 167
Shale, light- to dark-gray; contains thin beds of hard

fine-grained sandstone and pyrite......... [N 22 189
Sandstone, medium-grained, light-gray, and white shale;

contains hard pyritic zone at 195.5 feet.............. 8 197

Shale, blue-gray .....coeereriiiiiiineneeesensnecnans 24 221
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Thickness,
feet
Siltstone and sandstone, fine-grained; calcareous, light-
gray; contains Pyrite........covvveirenneennnnnennn. 3
Shale, dark-gray, and gray sandstone.................. 16.5
Limestone, pyritic, sandy, white....................... 0.5
Shale, sandy, gray.....ccceveriiiiiniieniireneeenneanns 10
Sandstone, very fine- to medium-grained, white, and
light-gray shale .......ccoiiiiiiiiiiiiiiiinnn... 10
Sandstone, very fine-grained, pyritic, very hard........ 4

181

Depth,
feet

224
240.5
241
251

261
265

18-13-27cc. Sample log of test hole at the SW cor. sec. 27, T. 18 8., R. 13 W,

Barton County; drilled, 1946. Surface altitude, 1,817.0 feet.

Thickness,
feet
Soil, gray-brown .......... ... i 2
QUATERNARY—Pleistocene and Recent
Alluvium
Silt, sandy, Brown......ovve it 4
Silt and clay; light-brown; contains caliche nodules... 6
Silt and clay; sandy, light-brown to gray.............. 5
Silt and clay; buff, gray, brown, and gray-green........ 13
CRETACEOUS
Dakota formation (Gulfian)
Clay, light- to dark-gray and red...................... 20
Sandstone, fine- to medium-grained, white to gray; con-
tains some clay, carbonaceous material, and pyrite... 13
Shale, carbonaceous, dark-gray........................ 15
Sandstone, medium- to coarse-grained, yellow-gray, in-
terbedded with gray shale.......................... 2
Shale, very hard, gray-brown..................oiiatn 2
Clay, light-gray to gray-white; contains some sand and
hard sandstone pellets.........ccovviiviniiinana... 11
Sandstone, fine- to medium-grained, white............ 2
Clay, sandy, light-gray, red, yellow, and white; contains
many sandstone pellets from 100 to 110 feet......... 33
Kiowa shale (Comanchean)
Shale and clay; dark-gray and greenish-gray.......... 14
Shale, dark-gray ......c.cciveiiiiiiniiniiennnenneennnns 11
Sandstone, fine- to medium-grained, white to gray...... 2
Shale, sandy, gray......ocvveiieiiieienrnereenennns 1
Sandstone, fine-grained, light-gray.................... 2
Sandstone, quartzitic, very hard, gray-white............ 0.5

Depth,
feet

2

12
17

50

63
78

80
82

93
95

128

142
153
155
166
168
168.5

18-13-31aa. Sample log of test hole at the NE cor. sec. 31, T. 18 S, R. 13 W,

Barton County; drilled, 1945. Surface altitude, 1,913.8 feet.

Thickness,
feet

Road fill ...ttt ittt ettt eeiiieeenns 2
QUATERNARY—Pleistocene
Sanborn formation
Silt, gray and gray-brown..............oiiiiiiiiiin.. 15

Depth,
feet

2

17
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Thifck;xess,
ee
Silt, buff and gray-buff; contains caliche nodules; many

hard caliche-cemented beds from 73 to 90 feet....... 73
Silt, sandy, buff. ... ..ot e 33
Gravel, fine to medium, and sand; derived from the
Dakota formation ..........ccvvviiiiniinnennrannes 6
Silt, buff, and weathered sandstone and “ironstone”
fragments ......cciiiiiiiiiiiiiiii i e 2
CreTACEOUS—Gulfian
Dakota formation
Sandstone, medium-grained, brown, and light blue-
gray and yellow cClay.......covviiiinrnnnnnaennnnnas 9

Depth,
feet

90
123

129

131

140

18-13-34cc. Sample log of test hole at the SW cor. sec. 34, T. 18, S, R. 13 W .,

Barton County; drilled, 1943. Surface altitude, 1,899.3 feet.

Thickness,
feet
Soil, gray-brown. .......coouiiiiiiiiiiiii e 2
QUATERNARY—Pleistocene
Sanborn formation
Silt, clayey, light to dark-gray and yellow-tan.......... 10
Silt, sandy, white, brown, and buff; contains caliche
NOdUIES .ivvieit ittt 38
Silt, yellow; contains hematite pebbles................ 5
CRETACEOUS
Dakota formation (Gulfian)
Clay, blue-gray; contains some yellow to brown fine-
grained sandstone and limonite concretions......... 35
Siltstone, yellow, and blue-gray clay; contains thin beds
of hard sandstone.. .........coviiiiiiinnniennnnn, 10
Sandstone, fine-grained, white, and white and yellow
clay; contains hematite at 108 feet................. 10
Clay, yellow and blue-gray, and thin beds of white to
yellow-brown medium-grained sandstone............ 10
Sandstone, medium-grained, yellow to yellow-brown;
contains hematite .............oiiiiiiiiiiiiii., 17
Clay, mottled light-gray, red and yellow............... 53
Clay, mottled light-gray, red, and yellow, and white to
dark-gray clay; contains many pellets of white fine-
grained hard sandstone and some pyrite............ 20
Kiowa shale (Comanchean)
Clay, gray and dark blue-gray; contains pyrite........ 10
Shale, fissile, dark-gray, and gray clay; contains some
gray fine-grained sandstone and pyrite. Bed of white
hard limestone from 256 to 257 feet................. 60
Shale, fissile, dark-gray, and gray clay; contains pyrite.
Thin very hard layers at 286 and 289 feet........... 20

Siltstone, sandy, gray to white, and dark-gray fissile
shale; contains a few sandstone pellets.............. 20

Depth,
feet -

2

12

55

90
100
110
120
137
190
210

220

280
300

320
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Thickness, Depth,

feet feet

Siltstone, sandy, gray, and dark-gray clay............. 16 336
Clay, gray, and dark-gray fissile shale; contains shells

ANd PYTIEE tvvvrnerninreeninneneeneenseannconsnans 42 378

Cheyenne (?) sandstone (Comanchean)
Siltstone, clayey, light-gray, and fine-grained sandstone, 22 400
PERMIAN
Siltstone, micaceous, sandy, red-brown................ 40 440

18-14-14bce. Sample log of test hole in the SW¥% SWl% NW% sec. 14, T. 18 S,
R. 14 W., Barton County; drilled, 1945. Surface altitude, 1,916.8 feet.

Thickness, Depth,
feet feet

202 Y 0 11 1 1
QuaTERN ARY—Pleistocene
Sanborn formation

Silt, gray to brown ................ e teereiireeeeaaas 10 11
Silt, buff; contains caliche .........coievviiieiiain, 12 23
Creraceous—Gulfian

Dakota formation
Sandstone, medium-grained, white, and light blue-gray
1) -2 PP 4 27

18-14-15bb. Sample log of test hole at the NW cor. sec. 15, T. 18 S, R. 14 W,
Barton County; drilled, 1945. Surface altitude, 1,938.1 feet.

Thickness, Depth,
feet feet

ROAA Bl «nveeenenenieet e e e e e e anene 2 2
QuaTeErNARY—Pleistocene
Sanborn formation

Silt, light-gray, gray-brown, brown, and buff ........... 15 17
Silt, yellow-buff; contains caliche nodules and frag-

ments of sandstone ‘and “ironstone”................ 36 53
Silt and clay; sandy, yellow.......oovvniiiiiiinaen. 4 57
Gravel, fine to medium, lime-cemented, hard; gravel is

derived from Cretaceous rocks ...........ccovevenn. 2 59

Creraceous—Gulfian
Dakota formation
Clay, light blue-gray ......ccveeeieeiiieinnienenennnns 3 62

18-14-17add. Sample log of test hole in the SEY4 SEY NEY sec. 17, T. 18 8,
R. 14 W., Barton County; drilled, 1945.

Thickness, Depth,
feet feet

Road fill ivvvviiiiiiiietineeneneeeeeeneeoneecnsonnns 2.5 2.5
QuaTERN ARY—Pleistocene
Sanborn formation

Silt, gray to brown ..ottt 9.5 12
Silt, tan to yellow buff; contains caliche............... 8 20
Creraceous—Gulfian

Graneros shale
Clay, light blue-gray and yellow-brown............... 10 30



184 Geological Survey of Kansas

18-14-23add. Sample log of test hole in the SEY4 SEY4 NEY sec. 23, T. 18 8.,
R. 14 W., Barton County; drilled, 1945. Surface altitude 1,897 3 feet.

QUATERNARY—Pleistocene

. Thickness, Depth,
Sanborn formation feet

feet

Silt, gray and brown.............cocoiiiieiininnann.. 9 9

Silt, buff; contains caliche nodules and sand............ 61 70
Silt, yellow-buff; contains sandstone fragments and

caliche ....... . i i 15 85
Gravel, fine to medium, sand, and silt; derived from

Cretaceous ToCKS. ..ovvvit vt 3 88

Gravel, fine to medium, and sand; lime-cemented, hard, 3 91

CreTACEOUS—Gulfian
Dakota formation
Clay, light blue-gray and red.................covu. .. 2 93

-18-14-24dd. Sample log of test hole at the SE cor. sec. 24, T. 18 8., R. 14 W.
Barton County; drilled, 1945. Surface altitude, 1,897.0 feet.

Thickness, Depth,
feet feet

Road fill...oooie i 2.5 2.5

el

QUATERNARY—Pleistocene
Sanborn formation

Silt, greenish gray and brown........................ 5.5 8
Silt, buff; contains caliche nodules and sandstone frag-
ments from 37 to 38 feet..............oiiiin.... 30 38
CrerAcEOUS—Gulfian

Dakota formation
Sandstone, medium-grained, brown, and gray and yellow
Clay e 4 42

18-14-29aa. Sample log of test hole at the NE cor. sec. 29, T. 18 8., R. 14 W,
Barton County; drilled, 1945. Surface altitude, 1,920.8 feet.

Thickness, Depth,
feet feet

Road fill.....ooii e 2 2
QUATERNARY—Pleistocene
Sanborn formation

Silt and clay; gray.......oveveiiiini i, 5 7
Silt and clay; sandy, gray and light-brown............. 15 22
Silt, sandy, buff; contains caliche and some fine to

medium gravel in lower part........................ 98 120
Gravel, fine to coarse, and sand........................ 16.5 136.5

CreTACEOUS—Gulfian
Dakota formation
Clay, yellow, light blue-gray, and red.................. 3.5 140
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18-14-32aab. Sample log of test hole in the NWY% NEY% NE% sec. 32, T. 18 8.,

R. 14 W., Barton County; drilled, 1945. Surface altitude, 1,912.1 feet.
Thickness, Depth,

feet feet
Road fill....iiiiiiiiiii it it iiiaenens 2.5 2.5
QuaTerNARY—Pleistocene
Sanborn formation
Silt, tan to dark-brown and gray; contains some sand,
clay, caliche nodules, and a few thin lenses of fine to
medium gravel. ..ottt 78.5 81
Sand, fine to coarse, and silt.............ooiiiiiit 4 85
Gravel, fine to medium, and sand; partly cemented..... 9 94
Silt and clay; light-gray and yellow-brown............. 4 98
Gravel, fine to coarse, and sand; contains silt in lower
£ o e 24 122
Silt, light-gray and buff. ...t 4 126
Gravel, fine to coarse, and sand............covvnin.n. 3 129

CreTAcEOUS—Gulfian
Dakota formation
Clay, light-gray andred.........ccooiiiiiiiiiiinn... 5 134

18-14-32bdd. Sample log of test hole in the SEY4 SEY4 NW% sec. 32, T. 18 8.,

R. 1} W., Barton County; drilled, 1945. Surface altttude, 1,888.4 feet.
Thickness, Depth,

feet feet

Road fill...oiviii it ieeieeneiieeenees 3 3
QUATERNARY
Alluvium

Silt, sandy, gray, gray-brown, and yellow-gray.......... 25 28

Gravel, fine to medium, and sand..................... 8 36

Silt, sandy, gray to buff; interbedded with thin layers of .

fine to medium gravel and sand..................... 24 60

Sand, fine to coarse; contains some fine to coarse gravel

and Silb. . ..et i i e i 11 71

Silt, sand, and gravel; poorly sorted................... 6 77

Gravel, fine to coarse, and sand.............cooevvenn 20 97

CreTACEOUS—Gulfian
Dakota formation
Shale, gray; contains carbonized and pyritized plant
fragments .......iiiiiiiii e 3 100

18-14-32dc. Sample log of test hole at the SW cor. SE% sec. 32, T. 18 8,
R. 14 W., Barton County; drilled, 1945. Surface altitude, 1,891.1 feet.
Th}ckness, Depth,
eet

feet

Road fill ..ot ittt e et ieaaans 3 3
QUATERNARY
Alluvium

Silt and clay; light to dark-gray...........ccovviuits 21 24

Silt, sandy, yellow-gray......ooeeevenireenneeeennnnnn. 4 28

Gravel, fine, and sand; contains some medium to coarse
gravel ... i i i i e 15 43
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Thickness, Depth,
feet feet

Gravel, fine to medium, and sand; contains thin beds of

B ce e e 7 50
Gravel, fine to medium, and sand; contains some coarse
Bravel L. e e 17 67
Silt, Hght-gray «.ovvvrineiiniieiiiiiiiinenennennens 2 69
Gravel, fine to medium, and sand; contains some coarse
gravel and yellow-gray silt...........coovvvvnnnnn. 10 79
CreracEOUS—QGulfian
Dakota formation
Clay, light blue-gray, mottled red and yellow.......... 5 84

18-15-4cc. Sample log of test hole at the SW cor. sec. 4, T. 18 S, R. 16 W.,
Barton County; drilled, 1945. Surface altitude, 1,955.9 feet.

Thickness, Depth,
feet feet

Road fill ...evuiiiiiiii i e 1 1
Soil, gray-brown .........iii i, 2 3
QUATERNARY—Pleistocene
Sanborn formation
Silt, buff, gray, and brown; contains caliche nodules
from 9 to 17 feet and from 19 to 37 feet............. A4 37
Silt, buff and light-gray; contains some fine to coarse
gravel and sand; gravel is composed of Greenhorn

limestone fragments ........cocviviiiiiininnennnn.. 6 43
CrETACEOUS—Gulfian
Graneros shale
Limestone, hard, sandy, fossiliferous.................. 0.5 43.5
Shale, light-gray to brown...........c.ovvvveeennnn... 6.5 50

18-15-21bb. Sample log of test hole at the NW cor. sec. 21, T.18 S, R. 16 W.,
Barton County; drilled, 1945. Surface altitude, 1,9332 feet.
Thickness, Depth,

feet feet
Road fill and soil........coiiiniiiiiiiiiiinninnnn.. 2 2
QUATERNARY—Pleistocene
Sanborn formation
Silt and clay; tan, brown, and gray; contains caliche
NOUIES vttt ittt i e i e 28 30
Silt, buff to tan; contains fine to medium gravel and
15 £ 16 10 40
Silt, gray-white to dark-buff.......................... 20 60
Silt, sandy, light-gray and buff; contains fine to medium
gravel in lower part....... .ottt 32 92
Gravel, fine to coarse, and sand.............c..ovnen... 9 101
CreTACEOUS—Gulfian

Dakota formation
Sandstone, fine- to medium-grained, yellow, and light-
gray and yellow clay.........covuiiinnennnnenninn.s 2 103
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18-15-28cc. Sample log of test hole at the SW cor. sec. 28, T.18 8, R. 16 W .,

Barton County; drilled, 1945. Surface altitude, 1,912.1 feet.
Thickness, Depth,

feet feet
Soil, dark gray to brown..........coiiiiiiiiiiiiiain 3 3
QUATERNARY
Alluvium
Silt and clay; gray..ceeeeeieeiiiiiieiiierrennaneans 21 24
Gravel, fine to medium, and sand; contains some coarse
gravel from 40 to 66 feet and thin beds of gray-green
silt and clay from 48 to 60 feet............cooiiiiitn 42 66
CrerAcROUS—QGulfian
Dakota formation
Clay, light-gray, red, and yellow..........c.ooveinnenn 4 70

18-15-29ada. Sample log of test hole in the NEY4 SEY: NE% sec. 29, T. 18 8.,
R.15 W., Barton County; drilled, 1945. Surface altitude, 1,912.4 feet.

QUATERI\{ABY——PleiStocene and Recent Thickness,  Depth,
Alluvium feet feet
Silt and clay; light to dark-gray................ooet 23 23
Silt, gray-white, and fine to medium sand.............. 5 28
Sand, fine to coarse; contains some fine gravel from 28
to 40 feet and much white to buff silt from 40 to 50
=11 2 P 22 50
Gravel, fine to coarse, and sand.............ooeveentn 37 87
Creraceous—Gulfian
Dakota formation
Clay, light blue-gray, and light-gray fine-grained sand-
=170 4 = 3 90

19-10-18bb. Sample log of test hole at the NW cor. sec. 18, T. 19 S, R. 10 W,
Rice County; drilled, August 1946. Surface altitude, 1,782.9 feet.

QUATERNARY . )
Dune sand (Pleistocene and Recent) e fi.‘ifh’
Sand, fine to medium, and silt; dark-gray............. 7 7
Sanborn formation (Pleistocene) :
Silt, light-gray, and very fine to medium sand.......... 8 15
Sand, very fine to medium.......oveiiiiiiiiiiiiia 25 40
Sand, coarse to fine........oiiiiiiiiiiiiiiiiiiial, 35 75
Gravel, fine to medium, sand, and silt; buff............ 21 96
Gravel, fine to coarse, sand and silt; buff............... 7 103
Silt, calcareous buff and very fine sand (lower part of in-
terval may be Upland member of Meade formation), 32 135

Meade formation (Pleistocene)
Volcanic ash, partly indurated, white (Pearlette ash

lentil) ..oevineieiiiininen ereeatienereareaaeeans 2 137
Silt, gray, and very fine to fine sand.................. 15 152
Gravel, fine to medium and sand..............couaene 5 157
Silt, gray, and very fine to coarse sand................. 22 179

Gravel, fine to coarse, and sand..........ceeeueenn.n. 14 193
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Creraceous—Comanchean Thickness, ~ Depth,

Kiowa shale feet feet
Shale, gray, and white fine sandstone; contains some
charcoal ..........iiiiiiii e 4.5 197.5

19-11-7aa. Sample log of test hole at the NE cor. sec. 7, T. 19 S, R. 11 W,

Barton County; drilled, 1943. Surface altitude, 1,811.0 feet.
Thickness, Depth,

: feet feet
Road fill .....ooiuiiii 2.5 2.5
QUATERNARY—Pleistocene
Sanborn formation
Silt, clayey, black........vouieniiiiie i 1.5 4
Silt, clayey, yellow-gray.........cooovinninennennnnn.. 4 8
Silt and fine sand; light greenish-gray................. 8 16
Silt, light greenish-gray................ccooiviinin... 8 24
Silt, sandy, gray and yellow-brown; contains caliche
DOAUIES vttt e e 20 44
Sand, fine to medium, and silt; gray and buff.......... 6 50
Silt, sandy, light-gray, gray, and buff; contains caliche.. 30 80
Sand, fine to medium, and fine gravel; derived from
Dakota formation ..............coiiiiiiiiiin.... 7 87
CreTACEOUS—Gulfian

Dakota formation
Sandstone, yellow-brown, and yellow and light blue-
gray clay; contains some hematite.................. 6 93

19-11-12aa. Sample log of test hole at the NE cor. sec. 12, T. 19 S, R. 11 W.,
Barton County; drilled, August 1946. Surface altitude, 1,778.7 feet.
QUATERNARY—Pleistocene

. Thickness, Depth
Sanborn formation feet feet
Silt, dark-gray; contains some fine to medium sand.... 1.5 1.5

Silt and clay; gray; contains some fine sand........... 1.5 3
Silt, light-gray and buff, very fine to medium sand.
Much concretionary calcium carbonate in lower part

of interval .....oooiiiuiiiiii e 35 38
Silt, calcareous, buff; contains some very fine sand..... 18 56
Silt, light-tan and buff; contains some very fine to fine

0 T 9 65
Silt, calcareous, light-tan and buff; contains some con-

cretionary calcium carbonate....................... 65 130

Meade formation
Silt, calcareous, light-tan; contains some very fine to
fine sand and many pebbles derived from Cretaceous
TOCKS it e 9.5 139.5
Gravel, medium to fine, sand, and silt; light-tan....... 1.5 141
CreTAcEOUS—Comanchean
Kiowa shale
Shale, fissile, gray......ccvviiniiniinreernnrnennnnnnss 5 146
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19-11-24dd. Sample log of test hole at the SE cor. sec. 24, T.19 8., R. 11 W,
Barton County; drilled, August 1950. Surface altitude, 1,7767 feet.

Thickness, Depth,
feet feet

Road fill ... e 1.5 1.5
QUATERNARY—Pleistocene
Sanborn formation
Silt, light-gray, and fine to medium sand.............. 4.5 6
Silt, light-gray and buff; contains much fine to coarse
sand, fine gravel, and some concretionary calcium

carbonate .........iiiiiiiii e 10 16
Sand, fine to coarse, and much buff calcareous silt; con-

tains much concretionary calcium carbonate. ........ 11 27
Gravel, fine to coarse, and sand....................... 29 56
Gravel, coarse to fine, and sand....................... 6.5 62.5
Silt, calcareous, buff; contains much fine to medium

T T 6 68.5

CreracEoUs—Comanchean
Kiowa shale

Sandstone, fine, silty, white.............ccovenen...... 29.5 98
Shale, micaceous, yellow-gray.........ocevveeennnnnn.. 6 104
Sandstone, fine, brown, and gray shale; contains some -

charcoal ... ..ot i i i e 2 106

19-11-29bb. Sample log of test hole at the NW cor. sec. 29, T. 19 8., R. 11 W.
Barton County; drilled, 1943. Surface altitude, 1,789.6 feet.

4

Thickness, Depth,
feet feet

Road fill ....oviniiiiiiiii e 1 1
QUATERNARY
Alluvium and Sanborn formation—Pleistocene and Recent
Silt, yellow-gray and gray-brown, and fine to medium

SANA L e 9 10
Silt, dark-gray; contains some fine to coarse sand and :

fine gravel «....oviiiiiiiiii 3 13
Gravel, fine to coarse, and sand.............ovnvnn.... 52 65
Silt, sandy, buff; contains caliche...................... 59 124
Silt, yellow and buff; contains some fine to medium

sand and gravel ........ ..o 5 129

Meade (?) formation—Pleistocene
Gravel, fine to medium; contains some silt, fine sand,
and coarse gravel ...........i.iiiiiiiniann, 27 156
CrETACEOUS—Comanchean
Kiowa shale
Clay, dark blue-gray; contains some yellow to brown

sandstone, hematite, and pyrite.................... 15 171
Sandstone, fine-grained, hard, light-gray, and dark blue-
gray clay; contains pyrite and hematite pellets...... 9 180

Clay, light to dark-gray, and gray hard sandstone; con-
tains thin bed of hard limestone at 203 feet, “cone-in-
cone” calcite from 200 to 210 feet, and pyrite......... 30 210
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Thickness, Depth,

feet feet
Clay, dark-gray, and dark-gray fissile shale; contains
pyrite and shells ..........coiiiiiiiiiiiiiiiiiiane, 20 230
Clay, partly lignitic, light to dark-gray................ 10 240
Cheyenne sandstone
Clay, sandy, light gray-green, and fine- to medium-
grained sandstone ........coeiiiiiiiiiiiiiiiiiienes 10 250
Siltstone and very fine-grained sandstone; gray-green... 11 261
PERMIAN
Siltstone, sandy, red-brown ...........c.iiiiiiiiiiinin. 19 280

19-11-31bb. Driller’s log of city-supply well at Ellinwood in the NW% NW3
sec.31,T.19 8., R. 11 W., Barton County.
Th}ckness, Depth,

eet feet
03 5 5
Silt, Soft, Bray ..oveiiiii i s 3 8
Sand, fine ...t i i eaeaa. 4 12
Sand, coarse, and gravel ......... ..ol 15 27
Clay, yellow ...o.iniiiiiiiiiiiiiiieiiieeeeraneeannnn 1.5 28.5
Sand and gravel ..o e 4 32.5
Sandstone, fine-grained, solid, light.................... 105.5 138
Shale, blue ....ovviiiiiiiiiii i i 3 141

19-12-5aa. Sample log of test hole at the NE cor. sec. 6, T. 19 S, R. 12 W,

Barton County; drilled, 1943. Surface altitude, 1,799.6 feet.
Thickness, Depth,

feet feet
Soil, clayey, black.....coveveiiiiiiiiiiiiiiiiiieiaa 1.5 1.5
QUATERNARY
Alluvium
Silt and clay; gray-brown.........ccooiiiiiiiiiiin.. 5.5 7
Silt, clayey, gray-green; contains some very fine sand.. 3 10
Silt, blocky, gray-green and yellow-brown; contains
caliche nodules ......coovviiieiiiinniienniinnenns 6 16
Silt, gray and brown, and fine to medium sand........ 1 17
Clay, silty, gray, brown, and yellow.................... 3 20
Silt, dark-gray and brown, and fine to medium sand;
contains a few caliche nodules...................... 4 24
Sand, fine to medium, and silt; gray and yellow-brown, 22 46
Silt, sandy, yellow-brown and gray; contains a few
caliche nodules ........cooiiiiiiiiiiiinennnnann, 16.5 62.5

CreTAcROUS—QGulfian
Dakota formation
Sandstone, medium-grained, yellow, lavender, and white, 7.5 70

19-12-14bb. Sample log of test hole at the NW cor. sec. 14, T. 19 S, R. 12 W,
Barton County; drilled, 1946.

Thickness, Depth,
feet feet

Road fill and soil...cvveinneeiiiiiriiiiinnenannnns 2 2
QuaterNARY—Pleistocene
Sanborn formation
Silt, gray-green; iron-stained............cvveiinninnnn 3 5
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Thickness, Depth,

feet feet

Silt, sandy, tan to brown.........coiiiiiiiiii i 31 36
Sand and silt; tan and buff; contains sandstone frag-

ments and caliche nodules....................o.olt 4 40
Silt, sandy, white to buff, and brown; contains caliche

DOdUIES .iviiiiiit i i e e e, 19 59
Gravel, fine to coarse, composed of sandstone, “iron-

stone,” and caliche pebbles; very silty, poorly sorted, 11 70

Creraceous—Gulfian
Dakota formation
Sandstone, tan, brown, and yellow..........covuennn.. 3 73

19-12-21bb. Sample log of test hole at the NW cor. sec. 21, T. 19 S, R. 12 W,

Barton County; drilled, 1943. Surface altitude, 1,884.6 feet.
Thickness, Depth,

feet feet
Road fill ..oeiieiiiiii i 1.5 1.5
QUATERNARY—Pleistocene
Sanborn formation
Silt, sandy, tan-gray..........ooiiiiiiiiiiii i, 3.5 5
Silt, buff, brown, and reddish-brown; contains caliche
DOAUIES w.ivteeeer et 33 38
CreTACEOUS—Gulfian
Dakota formation
Sandstone, medium- to coarse-grained, yellow-gray and
brown, and some pink clay.........cooviiiiiiinn.. 23 61
Clay, varicolored; contains some fine sand from 76 to
90 fEEb veueretriii i e i et i 49 110
Clay, dark-gray to white; contains some brown fine-
grained sandstone and hematite.................... 20 130
Clay, gray and red.......covvieennennnn. e, 5 135
Clay, sandy, dark-gray; contains pyrite................ 5 140
Siltstone, sandy, gray-white; contains pyrite and some
black carbonaceous silt............cceviieiiiin.. 10 150
Clay and shale; light to dark-gray, red, and red-brown;
CoOntaing PYTItE «.vvurvneieenennennernenneneeneenens 56.5 206.5

19-12-29dd. Driller’s log of test hole in the SEY4 SEY; sec. 29, T.19S.,R. 12 W .,
Barton County; drilled by the Layne-Western Company for the Kansas

Power Company of Great Bend.
Thickness, Depth,

feet feet

3 1 3 3
QuarerNARY—Pleistocene and Recent
Alluvium

L3 T 6 9
Sand, COASE ....iiiierriiiii i i 4 13
Sand and gravel............ciiiiiiiiiiiiiiii i, B 18
Clay, blue ....vviiiiiiiiii it iiiiieeeiineeeannnns 2 20

Sand and gravel.........cvviiiiiiiiiiiiiiiii i 17 37
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Thickness, Depth,

feet feet
Clay, yelloW ....ovviiiiiiiririiniiiarneeneniannns 3 40
Clay, ZrAY ceeeeeeereereneararareraneseacaeasausnenns 10 50

CretAcEOUS—Gulfian
Dakota (?) formation
SanATOCK tvvvviertreninneeennaasssoasonsansennseeanns 18 68

19-12-20dd. Sample log of test hole at the SE cor. sec. 29, T. 19 S, R. 12 W,

Barton County; drilled, 1943. Surface altitude, 1,8148 feet.
Thickness, Depth,

feet feet
Road fill..ooiiiiiietiiieeieriitetnianeeenannasasnns 1.5 1.5
QuaTerNARY—Pleistocene and Recent
Alluvium
Clay, Silty, Zray....oeereneieeraeaniteiieineneaannns 4.5 6
Silt, sandy, gray and blue-gray; contains caliche......... 7 13
Gravel, fine to medium, and medium to coarse sand.... 17 30
Gravel, fine to coarse, and coarse sand; contains some
Vellow Clay...covuvrieiiieriiarn i 25 55
CRETACEOUS

Dakota formation (Gulfian)
Sandstone, fine- to medium-grained, white to yellow-

brown, and light-yellow and gray siltstone........... 32 87
Clay, blUe-gray.....ocvevuvneneaeneireeiieiiniieanes 3 90
Clay, blue-gray, and white to brown fine- to medium-

grained sandstone.........oieuieeiiiiiiiiiiiiiin. 10 100
Sandstone, medium-grained, yellow and brown......... 10 110
Siltstone, soft, yellow-gray, interbedded with brown

medium-grained sandstone.............. ..ol 7 117
Clay, light-blue-gray and yellow gray, and brown

medium-grained sandstone................oiiil 6 123

Kijowa shale (Comanchean)
Clay, blue-gray; contains a thin bed of very hard cal-
careous sandstone at 135.5 feet and a layer of hard
pyrite at 140 to 141 feet.......cooviiiii it 18 141

19-13-3cc. Sample log of test hole at the SW cor. sec. 3, T. 19 8., R. 13 W,

Barton County; drilled, 1946. Surface altitude, 1,8466 feet.
Thickness, I?ep:h,
ee

feet
Road fill and soil; dark-gray.........cooooiiiiiint 4 4
QuaTERNARY—Pleistocene and Recent
Alluvium

Silt and clay; light-gray and brown-gray.............. 13 17
Silt, gray and brown; contains some sand and gravel.. 7 24
Gravel, fine to coarse, and sand; contains some light-

Eray Clay....eeinininiienennee i 6 30
Gravel, fine to coarse, and sand; coarse gravel is derived

from Cretaceous TOCKS.....ovvvinreineennennenenns 11 41

Silt, sandy, yellow-brown; contains some gravel........ 3 4
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Thickness, Depth,
feet feet

Sand and poorly sorted gravel; derived from the Dakota

formation ......ccoiiiiiiiii i e 7 51
Gravel, fine to coarse; contains much sand and silt; de-

rived from the Dakota formation................... 2 53
Conglomerate, hard, brown; consists of Dakota frag-

MENES .ottt i e 2 55

CreETACEOUS—Gulfian
Dakota formation
Cley, light-gray mottled red.......................... 2 57
19-13-4ccl. Driller’s log of city-supply well in the SWY% SW% sec. 4, T. 19 8.,
R. 18 W.; drilled for the City of Hoisington by the Layne-Western

Company, 1936.
Thickness, Depth,

feet feet

S01l 2 2
QuAaTERNARY—Pleistocene and Recent
Alluvium

Clay, sandy....coveeineiiii i i 18 20 .
Sand, COAISE.......iviteer i 2 22
Sand and gravel...........ciiiiiiiii i 2 24
Clay, sandy.....ccovvuineenniinnnnnnnn... S 1 25
Sand, Coarse. ...t e 1 26
Sand, coarse, and gravel................. ...l 18 44
[0 2 1 45

19-13-5cc.  Driller’s log of test hole at the SW cor. sec. 5, T. 19 8., R. 13 W,
Barton County; drilled by the Layne-Western Company for the City of
Hoisington, 1935.

ATERNARY—Pleistocene and Recent
Qu R b an Thickness,  Depth,

Alluvium feet feet
Gumbo, black. ..ot 5 5
Hard pan ......ooiiiiiiiii i 11 16
Sand and elay.........coiii i 3 19
Sand, €0arse..........iiiiiiiii i 2 21
Sand, coarse, and small gravel......................... 9 30
Sand, fine t0 €COATSE....ooveiviiiiiin i 11 43
Sand, coarse, and elay.............oiiiiiiiiin... 4 47
Sand, coarse, and small gravel......................... 11 58
Sand, fine, and gumbo; very tight..................... 7 65
Sand, fine, silty, and elay..............ooiiiiii..... 5 70
Sand, fine, silty, tight..............coooiiiiiaLL, 8 78
Sand, coarse, brown; some fine sand, clay.............. 12 90

19-13-6db. Driller’s log of irrigation well in the NW% SEY% sec. 6, T. 19 8.,
R. 13 W., Barton County; owned by Elmer Amerine. Surface altitude,
1,8900 feet.

QUATERNARY—Pleistocene .

Sanborn formation m;g;? e ]?:é)tth'
Soil, clayey....ooviiiii 28 28

13—3191
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Thickness, Depth,

feet feet
Sand, elayey....ovveriiiiiiii i e 9 37
Sand ... e e 8 45
Clay, tough.... ..ot e 10 55
Sand and gravel...... .. ..o i i 34 89
Sand, cemented........c.ciiiiiiiiii e 1 90
Sand and gravel............iiiiiiiiiii i 25 115
Rock, hard.......cooiiiii et 1 116

19-13-8da. Driller’s log of test hole at the NE cor. SEY4 sec. 8, T. 19 S, R.
13 W., Barton County; drilled by the Layne-Western Company for the City
of Hoisington, 1935.

Thickness, I?epth,

feet eet

Road fill ..ottt ittt ieienanenneas 2 2
QuaATerNARY—Pleistocene and Recent
Alluvium

Clay, sandy, brown .........ccoiiieiiirerennnnnecnnces 11 13
Sand, medium, brown ........ ... 5 18
Sand, fine, blue, and elay.......ccoeveviiiiiiiiiiinnan. 2 20
Sand, coarse, brown ........... feer et 3 23
Sand, coarse, and gravel ........cciiiiiiiiiiiiiiiaann 5 28
Sand, medium, and little gravel...................... 2 30
Sand, coarse, and small gravel................coovvunn. 13 43
Clay, blue-green and white, and a few gravels......... 5 48

19-13-16aa. Sample log of test hole at the NE cor. sec. 16, T. 19 8., R. 13 W.,
Barton County; drilled, 1946. Surface altitude, 1,8615 feet.
Thickness, Depth,

feet feet
Road fill ... ittt einaeaaans 3 3
QuaTterNARY—Pleistocene and Recent
Alluvium
Silt and clay; gray....ccoiiiiiiiiii it 5 8
Silt, brownish-gray ; contains some sand and gravel..... 6 14
Gravel, fine to coarse, and sand................cvun... 28.5 42.5
Creraceous—Gulfian

Dakota formation
Clay, blue-gray and yellow, and brown medium-grained
Sandstone ... e e 7.5 50

19-13-21aa. Sample log of test hole at the NE cor. sec. 21, T. 19 8., R. 13 W.,
Barton County; drilled, 1943. Surface altitude, 1,846.5 feet.
Thickness, Depth,

feet feet
Soil, silty, black ....oviiiiii it e 3 3
QuaterNARY—Pleistocene and Recent
Alluvium

Silt, gray-black; contains some coarse sand and fine
g g2 Y 2 5
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Thickness, Depth,
feet feet

Silt, sandy, gray, contains caliche nodules.............. 9 14
Gravel, fine to medium, and sand; contains some coarse
gravel from 14 to 20 feet and yellow silt from 30 to

40 feet ot e e 46 60
CrerAcEOUS—Gulfian
Dakota formation
Clay, silty, white, red, gray, and yellow............... 20 80
Clay, sandy, light-gray and yellowish; contains some
lignite from 85 to 87 feet......covvvirvnnrennennnn.. 10 90
Clay, light blue-gray; contains thin beds of maroon hard
siltstone from 110 to 120 feet.........vvvvvvnnenn... 30 120

19-13-21cc. Driller’s log of irrigation well at the SW cor. sec. 21, T. 19 8.,
R. 18 W, Barton County; drilled by James Frasier for Mr. Rathborn, owner.
"Thickness, ]%epth,

feet eet
S0l L e 8 8
QuaTERNARY—Pleistocene and Recent
Alluvium
Sand and gravel, coarse........ooviiuiinninnnnannnnn. 39 47
Clay, UMY . .euuittneereneeeneneeneneeneananenns 9 56
Sand and gravel ... e 23 79

19-13-25dd. Driller’s log of test hole in the SEY: SEY sec. 25, T.19 S8, R. 18 W,
Barton County; drilled by the Layne-Western Company for the Kansas
Power Company of Great Bend.

Thickness, Depth,

feet feet
13131 S 2 2
QUATERNARY—Pleistocene and Recent
Alluvium
(0] S 9 11
Sand and gravel ......... .. i 17 28
Sand and gravel; contains clay balls................... 10 38
Sand, fine ..ot e 5 43
(07N 9 52
Sand, CoATSe ....ovvuiiiiiriii it e 6 58
Clay, yellow . .ouvii ittt ciieeeaeeanennns 16 74
CreTACEOUS—QGulfian
Dakota (?) formation
Sand rock . ..viiiiii i e 1 75

19-13-27cb. Sample log of test hole at the NW cor. SW% sec. 22, T. 19 8.,
R. 13 W., Barton County.
Thickness, Depth,

feet feet
Road fill ... 5 5
QuarerNARY—Pleistocene and Recent
Alluvium

Silt, sandy, light-gray and blue-gray.................. 5 10
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Thickness, Depth,

feet feet
Gravel, fine to coarse, and sand....................... 18 28
Silt, sandy, gray and yellow-buff; contains gravel in
JIoWer Part ..vvvivni ittt 24 52
Gravel, fine to medium, and sand..................... 12 64
Silt, buff and light blue-gray, interbedded with sand )
and gravel ... ... it it 16 80
Gravel, fine to medium, and sand; contains much silt
and SOme €lay ...ttt e e 27 107
Silt, buff; contains sand, gravel, and caliche............ 19 126
Gravel, fine to medium, and sand...................... 7 133

CreTACEOUS—Comanchean
Kiowa shale
Shale, gray; contains pyrite............ccvvu... NP 7 140

19-13-28bc. Driller’s log of city-supply well (Odell St. well) at Great Bend in
the SWl% NWY% sec. 28, T. 19 8., R. 13 W., Barton County; drilled by the

Layne-Western Company for the Kansas Power Company, 1930.
Thickness, Depth,

feet feet

13 Y 2 2
QUuATERNARY—Pleistocene and Recent
Alluvium

(0 4 6
Sand, coarse ...ttt e 2 8
Sand and gravel .........c.. i 16 24
(], 8 32
Sand, fine ...oiiiiii i e 6 38
Sand, coarse, and gravel..............cooiiiiiinnnn... 6 44
[0 3 47
Sand and gravel ....... ..o 20 67
L) 1 68
Sand and gravel ... 9 77
Sand, gravel, and clay balls..... i iieeeaeeaas 8 85
Sand and gravel ...........o i, 35 120
L3 712 2 122
Sand and gravel.........coiiiiiiiiiiiii i 6 128

19-13-28cd. Dmiller’s log of city-supply well (Office well) at Great Bend in the
SEY: SW% sec. 28, T. 19 8., R. 13 W., drilled by the Layne-Western Com-

pany for the Kansas Power Company, 1937.
Thickness, Depth,

feet feet

Road fill, cinders, and soil.................c..oon..... 5 5
QuaTerNARY—Pleistocene and Recent
Alluvium

Clay, sandy .....ooviiieiiniiiin i, 4 9
Sand, coarse, and gravel.............................. 20 29
Clay, yellow .....ooiuiniiiiiiiiii i, 8 37
Clay, sandy .....ociiiiiininiiiiiiienteeenanenennns 11 48

Pack sand ...t e 3 51
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Thickness, Depth,

feet feet
Clay, blue ....oiiriii it 10 61
Clay, sandy, yellow .....covvviiiiiiinnennneennnenns 6 67
Sand and gravel ...t 20 87
Clay, YelloW ..vvireiiiiiiiiiiiiieeennnnnnennnnes 3 90
Sand and gravel, with clay streaks .................... 5 95
Sand and gravel .......... e, 16 111
Sand and gravel, cemented............c.iiiiuiinnn.. 2 113
Sand, fine, and clay .......covvuunnn. Y - 117
L0 2 1 118

19-13-33db. Driller’s log of well in the NW¥% SEY sec.33, T.19 S, R. 13 W,
Barton County; drilled by the Kelly Well Company for the Kansas Power
Company, 1923.

x DBl
QUATERNARY—Pleistocene and Recent Thickness,  Depth,

Alluvium feet feet
Sand and gravel.......... .. il 28 28
L] 25 53
Sand i e e e 3 56
L] 1% 7 63
Gravel, cemented ..........ccocviiiiiiiiiiii, 4 67
Gravel ....eiieiiii it e e e 8 75
[0 1 76

19-13-34cc. Sample log of test hole at the SW cor. sec. 34, T.19 S, R. 13 W,
Barton County; drilled, 1945.
Thickness, Depth,

feet feet

Road fill ..ot et 4 4
QUATERNARY—Pleistocene and Recent
Alluvium’

Gravel, fine to coarse, and sand....................... 18 22
Silt, sandy, buff. ... 6 28
Gravel, fine to medium, sand, and silt; poorly sorted... 17 45
Silt and clay; light- to dark-gray..................... 13 58
Gravel, fine to medium, sand, and silt; poorly sorted... 12 70
Silt and clay; yellow-buff..............covvvnien.... 3 73
Gravel, fine to medium, and sand ; contains some silt... 66 139

CreracE0Us—Comanchean
Kiowa shale
Sandstone, medium-grained, white to light-brown...... 11 150
19-14-4cab. Driller’s log of irrigation well in the NWY% NEY% SW% sec. 4,
T. 19 8, R. 14 W., Barion County; drilled by Jim Frasier for Charles
Stevens.

UATERNARY—Pleistocene and Recent
Q e Thickness, Depth,

Alluvium feet feet
Clay, sandy .....c.vieiniiiiiiiiiiiiieaaannn, 20 20
Sand .. e e e 5 25
Sand and gravel...........o it 35 60
Sand rock ....iii e 0.5 60.5

Sand and gravel..........ooiiiiiiiiiii e, 15.5 76
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19-14-5caa. Sample log of test hole in the NEYs NEY SW% sec. 5, T. 19 8.,
R. 14 W., Barton County; drilled, 1946. Surface altitude, 1,8848 feet.
Thickness, Depth,
4

fee feet
Road fill and soil; dark-gray........cooviiiininnninn.. 3 3
QUATERNARY—Pleistocene and Recent
Alluvium
Silt, dark-buff and gray..........ccciiiiiiiiiii, 22 25
Silt, dark-gray; contains some sand and fine gravel.... 5 30
Gravel, fine, and sand; silty..........covvviniinnonn. .. 10 40

Gravel, fine to medium, and sand ; contains some coarse
gravel which is derived mostly from Cretaceous

TOCKS tvii it e e 33 73
CrETACEOUS—Gulfian
Dakota formation

Clay, light-gray .....coovriiiiiini ittt 7 80

19-14-6bbl. Driller’s log of well in the NW% sec. 6, T. 19 S., R. 1 W., drilled
for the Natural Gas Pipeline Company.
Thickness, Depth,

feet feet

Soil, black ..vuiriiii i 3 3
QUATERNARY—Pleistocene and Recent
Alluvium

Clay, SticKY «vvviiii ittt 24 27
Sand, COATSE ..vvvvriniii ittt 3 30
Sand, coarse, SIltY....ooviieiriiiiiiiii e 11 41
Sand and gravel........ccoiiiiiiiiiii i 13 54
[0 1 55

19-14-9aab. Driller’s log of irrigation well of W. A. Brown in the NWY NEY
NE%% sec.9,T.19 8., R. 14 W., Barton County. Surface altitude, 1,883.9 feet.

QUATERNARY—Pleistocene and Recent

Alluvium Th}?;.‘ o ]:;:gtt b
Clay and so0il......oooiiiiiii i 20 20
Sand, fine ... e 8 28
Sand and medium gravel.................coiiiinn... 41 69

Creraceous—Gulfian
Dakota formation
Shale, blue ...o.vvriniiiiiiiii i e 41 110

19-14-17bb. Sample log of test hole at the NW cor. sec. 17, T. 19 S, R. 1, W,

Barton County; drilled, 1943. Surface altitude, 1,914.9 feet.
Thickness, Depth,

i feet feet
Road fill ... .o 2 2
QUuATERNARY—Pleistocene
Sanborn formation
Silt, clayey, yellow-gray and brown.................... 8 10
Silt, sandy, buff; contains caliche nodules.............. 27 37

Silt, sandy, yellow; contains caliche nodules and pebbles
of sandstone ........... N 5 42
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Creraceous—Gulfian and Comanchean Thickness Depth
Dakota formation and Kiowa shale, undifferentiated feet feet
Clay, yellow, yellow-brown, and blue-gray, and brown
and dark-gray fine-grained hard sandstone; contains

hematite .o...vviieriiiiiiiii it e 28 70
Clay and silt; light-gray, buff, and red; contains many

gray sandstone pellets...........ooiiiiiiiiiiiin.. 30 100
Clay, red, red-brown, and gray; contains hematite..... 17 117
Sandstone, pellet form, fine-grained, gray.............. 7 124
Clay, light blue-gray, gray, and red-brown, and white

hard sandstone pellets...............cooiinuvn.... 16 140
Clay, light- to dark-gray, red-brown, and yellow....... 20 160
Clay, light- to dark-gray; contains some fine sand, sand-

stone pellets, charcoal, and pyrite................... 40 200
Siltstone, light-gray; contains thin beds of fine-grained

sandstone, some charcoal and pyrite................ 28 228
Sandstone, fine-grained, gray..........ccvvvieeeniinnn. 1 229

Siltstone, gray, and buff and gray fine-grained sand-

stone ; contains thin beds of limestone from 250 to 260

=1 O A 41 270
Clay and shale; dark-gray, and light-gray and gray fine-

to medium-grained sandstone; contains shells from

305 t0 310 feet..neenivneine it ieieei e 40 310
Clay, dark-gray, and gray to black fissile shale; con-

tains thin beds of limestone from 327 to 330 feet and

S22 0 L7 SRR 31 341

Cheyenne sandstone (Comanchean)

Siltstone, sandy, and fine-grained sandstone; white,

greenish-white, and light-gray...................... 69 410

Sandstone, fine-grained, white......................... 65 475
PerMIAN

Sandstone, fine-grained, red; and red siltstone.......... 15 490

19-14-19ad. Sample log of test hole at the SE cor. NEY% sec. 19, T. 19 8., R. 1}
W., Barton County; drilled, 1945. Surface altitude, 1,896.9 feet.
Thickness, Depth,

feet feet
Road fill .......ooviiiiiiiiiiiinnn, e, 2 2
QuaTERNARY—Pleistocene and Recent
Alluvium
Silt, tan to buff......cooiiiiiii e 8 10
Silt, light-brown to light-gray, and very fine to coarse
79 4V P 18 28
Gravel, fine, and sand; silty...........ccoviiiiina.. 13 41
Silt, gray, gray green, and yellow-green............... 24 65
CrerAcEOUS—Gulfian
Dakota formation
Clay, sandy, light blue-gray........................... 3 68

Sandstone, light-brown ................. ..ol 12 80
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19-14-22ac. Driller’s log of trrigation well of A. Essmiller in the SWi% NE%
sec. 22, T. 19 8., R. 14 W., Barton County. Surface altitude, 1,885.} feet.

QUATERNARY—Pleistocene and Recent

Alluvium Thicel;? e
Clay and S0il.....ovveiiiiiiii it iiiiee e 13
Sand L e e 28
L Pt 1
Gravel ...ttt 13
(03 F: At 20
Gravel ..ot i e e e 5

CreTACEOUS—Gulfian

Dakota formation

Sandstone .........ciiiiii 1

Depth,
feet

13
41
42
55
75
80

81

19-14-26¢cbd. Driller’s log of trrigation well of Essmiller Brothers in the
SEY4 NWY% SW4'% sec. 26, T. 19 8., R. 14 W ., Barton County; drilled by

Roy Delp, 1939.
QUATERNARY—Pleistocene and Recent

Alluvium Th}ilem =
Clay and soil......coovvieiiiiiiiiiiii i 10
Gravel, good. ...t 26
Sand, fine.....oviiiiii i e e 22
Sand, fine; contains clay balls......................... 4
Gravel, good.....c.vviiiiiiiiiiiiiiiii i 9
[0 -2 ferercnenanas 2
Sand ... i e 2
L) 17

Depth,
feet

10
36
58
62
71
73
75
92

19-14-30ad. Sample log of test hole at the SE cor. NE% sec. 30, T. 19 8.,

R. 14 W., Barton County; drilled, 19456. Surface altitude, 1,903.8 feet.

Thickness,
feet
Road fill and soil......oviiiiviiiiiii i, 2
QUATERNARY—Pleistocene and Recent
Alluvium
Silt, gray to brown...........ooiiiiiiii i 8
Silt, sandy, tan and yellow-gray; contains caliche
nodules and some fine to medium gravel............ 17
Gravel, fine to medium, and sand...................... 2
Silt, buff; contains fine to medium gravel and sand..... 5
Gravel, fine to coarse,and sand........................ 13
Silt, buff. ... 10
Gravel, fine to coarse, sand, and gray silt.............. 15
Silt and clay; light- to dark-gray; contains fine sand... 32
Sand, fine t0 COATSE. .. .tv vttt 3
Silt, sandy, gray and gray-green.................c..... 13
Silt, buff to tan.....c.ooviiii it i 20
Gravel, fine to coarse, and sand; derived from the
Dakota formation............ccoviiiiiivnnnnnnnnn. 6
CrETACEOUS—Gulfian
Dakota formation
Shale, sandy, gray......coveeiere i iiininennnnnens 4

Depth,
feet

2

10
27

34
47
57
72
104
107
120
140

146

150
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19-15-5dda. Sample log of test hole in the NEY SEY: SE% sec. 5, T. 19 8,

R. 16 W., Barton County; drilled, 1946. Surface altitude, 1,985.6 feet.
Thickness, Depth,
feet feet

Road fill and soil; gray......cooovvriiiinenieneeann.. 2 2

QuATERNARY—Pleistocene
Sanborn formation
Silt, light-gray, yellow-gray, and tan; contains caliche
nodules and limestone and sandstone fragments from
18 t0 29.5 feet. .o ouin ittt 27.5 29.5

Creraceous—Gulfian
Graneros shale
Shale, thin bedded, blue-gray and yellow, and brown
to white fine-grained sandstone..................... 10.5 40

19-15-11aa. Sample log of test hole at the NE cor. sec. 11, T. 19 S, R. 15 W,

Barton County; drilled, 1946. Surface altitude, 19445 feet.
Thickness, Depth,

feet feet
Road fill.eeeiieeiiit it iiie i 2 2
QuATerNARY—Pleistocene
Sanborn formation
Silt, gray, tan, and brown; contains caliche nodules in
Jower 20 feet...uuoureiiiieiiie ittt 28 30
Silt, yellow-gray to buff; contains fragments of Creta-
CEOUS TOCKS. .ot iivt ittt ittt i i 21 51
CreTACEOUS—Gulfian
Dakota formation
Sandstone, medium-grained, white, and light-gray clay.. 7 58

19-15-12da. Sample log of test hole at the NE cor. SE% sec. 12, T. 19 8,

R. 15 W., Barton County; drilled, 1946. Surface altitude, 1,956.5 feet
Thickness, Depth,
feet feet

Road fill and soil; dark gray...............ccooeen... 2.5 2.5
" QUATERNARY—Pleistocene
Sanborn formation

Silt, gray to Brown......c.ccoveeiiiiiniiiiiiiiiia., 5.5 8
Silt, brown to light-buff; contains fragments of sand-
=10}« =P 8.5 16.5
CrETACEOUS—Gulfian '

Dakota formation
Sandstone, fine- to medium-grained, brown, and light
blue-gray clay.....cooeiiiiiniinnennieineannnannnn 1.5 18

19-15-16bb. Sample log of test hole at the NW cor sec. 16, T. 19 S, R. 16 W.,

Barton County; drilled, 1946. Surface altitude, 1,972.1 feet.

Thickness, Depth,
feet feet

Road fill ...t ittt eiiieeaannes 2.5 2.5
QuATERNARY—Pleistocene
Sanborn formation
Silt, dark gray-brown and greenish-gray............... 5.5 8
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Thickness, Depth,

feet feet
Silt and clay; tan to buff; contains caliche nodules..... 10 18
Silt, buff, and sandstone and “ironstone” rubble........ 1 19
CrETACEOUS—QGulfian
Graneros shale
Clay, light blue-gray and yellow; contains iron pellets.. 4 23

19-15-16cc. Sample log of test hole at the SW cor. sec. 16, T. 19 S., R. 16 W.
Barton County; drilled, 1945. Surface altitude, 1,936 feet.
Thickness, Depth,

'y

feet feet
Road fill and soil; gray........ccovvviiininiiniin.., 2 2
QuarerNARY—Pleistocene and Recent
Alluvium

Silt, buff to light-brown and gray..................... 19 21
Silt, sandy, buff; contains caliche nodules.............. 42 63
S, gAY ce et e 12 75
Silt, tan; contains sandstone rubble................... 4 79

Silt, sand, and gravel; lime-cemented; coarse gravel
composed of sandstone and “ironstone” fragments... 5 84

Creraceous—Gulfian
Dakota formation
Clay, light-gray mottled red.......................... 6 90

19-15-21cc. Sample log of test hole at the SW cor. sec. 21, T. 19 8, R. 15 W .,

Barton County; drilled, 1945. Surface altitude, 1,928.6 feet.
Thickness, Depth,

feet feet
Road fill ... e 2 2
QUATERNARY—Pleistocene and Recent
Alluvium
Silt, tan t0 gray...vvviit ittt e 9.5 11.5
Silt, sandy, buff; contains caliche nodules............. 63.5 75
Silt and clay; gray to blue-gray; contains sandstone
fragments and shells.............covviinninnnnn... 18 93
Clay, sandy, buff.........ccooiviiiiiiiiiiieeannn.. 13 106
Sand and fine to coarse gravel; silty, poorly sorted..... 19 125
CreTACEOUS—Gulfian ‘
Dakota formation
Sandstone and clay; gray.....oooiiniiiiiniiiininnnnns 5 130

19-15-33bb. Sample log of test hole at the NW cor. sec. 33, T. 19 S, R. 16 W.,
Barton County; drilled, 19456. Surface altitude, 1,936.5 feet.
Thickness, Depth,

feet feet
Road fill and soil........ccoviiiiiiiiiiiiiiiiennn... 2 2
QUuATERNARY—Pleistocene and Recent
Alluvium
Silt, tan t0 brown.........cooiiiiiiiiiiiii i, 10 12.5
Silt, sandy, tan; contains caliche...................... 37.5 50
CrETACEOUS—Gulfian

Dakota formation
Sandstone, fine-grained, red-brown.................... 15 65
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20-11-12bb. Sample log of test hole at the NW cor. sec. 12, T. 20 S, R. 11 w.,

Barton County; drilled, 1943. Surface altitude, 1,761.0 feet.
Thickness, Depth,

feet feet
Road fill oottt e 1.5 1.5
QuaTERNARY—Pleistocene and Recent
Alluvium
Silt, yellow-gray; contains some fine sand to fine
P 2 =) 5.5 7
Silt, sandy, yellow-gray; contains caliche.............. 9 16
Clay, silty, black, green, and buff..................... 2 18
Gravel, fine t0 COATse .....covvviiiirrirenneencannens 12 30
Gravel, fine to medium; contains some medium to
coarse sand and yellow-brown clay..........ccooon. 7 37
Creraceous—Comanchean
Kiowa shale
Clay, silty, ight-gray ......c..cooiiiiiiiiiieeinneees 16 53
Sandstone, fine- to medium-grained, yellow-brown..... 13 66
Clay, light-gray to gray; contains thin beds of white,
light-gray, and yellow-brown sandstone and pyrite... 44 110
Shale, fissile, dark-gray; contains a thin bed of hard
limestone at 135 feet and pyrite........ceeeeeinnnes 40 150
Siltstone, lignitic, gray-brown............coovvieeinnes 2 152
Cheyenne sandstone
Siltstone, sandy, light gray-green...............coints 17 169
PerMIAN
Siltstone and very fine-grained sandstone; red-brown... 6 175

20-11-30dd. Sample log of test hole at the SE cor. sec. 30, T. 20 8., R. 11 W,
Barton County; drilled, 1943. Surface altitude, 1,8064 feet.
Thickness, Depth,

feet feet
Road fill ..ot iiiiariniieieennaaes 2 2
QUATERNARY
Dune sand (Pleistocene and Recent)
Sand, fine to medium, silty........ccooiiiiiiiiit 8 10
Sand, fine to coarse, and silt; gray and tan............. 10 20
Meade formation (Pleistocene)
Sand, fine to coarse; contains some fine gravel, silt,
and caliche ......ccceiiiiieeiiieirernnennecnnnnnens 20 40
Gravel, fine to coarse, and sand..........cooveieinnnnnns 21 61
Silt, sandy, buff .......... i i 12 73
Gravel, fine; contains some sand and medium gravel.... 27 100
Sand, fine to coarse; contains some fine to medium
gravel and layers of silt...........coviiviiiiiinit, 80 180
Silt, gray and buff; contains some sand and fine to
medium gravel ......ccoiiuiiiiiii i 15 195
Gravel, fine to medium, and sand..............cvouenn 8 203

Silt, sandy, light-gray .......cccoiiiiiiiiiiieiiinnnens 4 207
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Thickness, Depth,

PErMIAN feet feet
Shale, silty, white to dark-red ..................0.o.... 13 220
Shale, silty, red-brown ...................oii il 14 234

20-12-21bb. Sample log of test hole at the NW cor. sec. 21, T.208,R. 12 W.,
Barton County; drilled, 1943. Surface altitude, 1,844.0 feet.

UATERNA!
Q RNARY Thickness,  Depth,

Dune sand (Pleistocene and Recent) feet feet
Sand, fine to medium, and silt..... e 3 3
Silt and fine to coarse sand....................uuun... 4 7

Meade formation (Pleistocene)

Silt and clay; gray and green-gray.................... 19 26
Sand, fine to coarse; contains some fine gravel and

S o 24 50
Gravel, fine to medium, and sand..................... 15 65
Silt, yellow and gray; contains fine to medium sand

and gravel ........ ..l 13 78
Gravel, fine to medium, and medium to coarse sand.... 8 86
Silt, sandy, yellow, and clay...............ccvvnn.... 3 89
Gravel, fine to coarse, and sand..............cooovn..... 23 112
Sand, coarse, and fine gravel............oovvnennin... 8 120.
Gravel, fine to medium, and sand.................... 16 136

CreracEous—Comanchean
Kiowa shale

Sandstone, medium-grained, white, yellow, and brown... 9 145
Clay, light- to dark-gray, and a few thin beds of

sandstone ........ii.iiiiiiie 25 170
Clay, gray, and dark-gray fissile shale; contains pyrite,

caleite, and shells ................................. 40 210
Clay, sandy, gray; contains lignite from 214 to 215 feet

and pyrite ......oeiiiiii 5 215

Cheyenne (?) sandstone

Siltstone, sandy, gray-white........................... 15 230
Silt and clay; sandy, light blue-gray.................. 10 240

20-13-9dd. Sample log of test hole at the SE cor. sec. 9, T.208,R.13 W,
Barton County; drilled, 1943. Surface altitude, 1,861.5 feet.
Th}ckness, Depth.

eet feet
Road fill ..o 2 2
QUATERNARY
Dune sand (Pleistocene and Recent)
Silt and fine to medium sand.......................... 10 12
Meade formation (Pleistocene)
Silt, sandy, gray, and yellow-brown clayey silt......... 6 18
Sand, fine to coarse; contains a little fine gravel........ 12 30

Gravel, fine to medium, and sand; contains coarse
gravel from 58 to 72 feet........................... 42 72
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CreTACEOUS—Gulfian i
N Thickness,
Dakota formation feet
Sandstone, fine-grained, brown, and pink and buff clay, 8
Sandstone, fine- to medium-grained, light to dark-
brown, red, and white.................. ... ... 30

205

Depth,
feet

80

110

20-14-1aa. Driller’s log of test hole at the NE cor. sec. 1, T. 20 8., R. 14 W.,
Barton County; drilled by the Layne-Western Company for the Kansas

Power Company of Great Bend.

B0Il vt e

QUATERNARY—Pleistocene and Recent

Alluvium
Clay vt
Sand, coarse, and gravel.............coiiriiniinnann..
Sand, fine, cemented.............. . iiiiiiiiii...
Sand, Coarse ..ot e
Magnesium and clay...........oooiiiiiiiiiiin. ..
Sand and gravel...........ooi i
(]
Sand, coarse, and gravel..................coiiiiia...
Clay, YelloW .o.viirtii it
Sand, COATSE .vvvvrriit ittt e s
Sand, fine ...t e
Sand and gravel...........oiiiiiiiiiii
Sand, fine ............... ... ettt
Sand, coarse, and gravel..............ccoiiiiiiiina..
Clay, sandy ...ooveiieniiiii it

_ Sand, coarse, and gravel...............ciiiiiiiia...
Sand, fine ...o.iiiiiiii e

Thickness,
feet

Depth,
feet

1

3
19
30
33
38
39
46
71
81
88
95
98

103
108
113
118
120
126

20-14-2da. Driller’s log of test hole in the NE% SE% sec.2, T.20 S, R. 1, W,
Barton County; drilled by the Layne-Western Company for the Kansas

Power Company of Great Bend.

3 Y

QUATERNARY—Pleistocene and Recent
Alluvium )
Sand, fine ... ...
Sand and gravel........ooiiiiiii i
Clay e
Sand, fine ...
Gy cviiie e e
Sand, COArSe ....oviiiiiiiiii i
Sand, fine .....iniiii i e

Clay, yellow TR
Sand, COArse ......vvveriritiiit it
Clay, yellow ...... feeee e,

Thickness,
feet

Depth,
feet

1

21
24
27
41
50
55
60
70
75
78
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20-14-5cc. Sample log of test hole at the SW cor. sec. 5, T. 20 8., R. 14 W.,
Barton County ; drilled, 1943. Surface altitude, 1,906.6 feet.

Thickness,
feet
Soil, silty, dark-brown...........cooooiiiiiiiiiiiia 2
QuaTeErNARY—Pleistocene and Recent
Alluvium

Silt, gray to yellow-brown........coeevveniineiieinnns 9
Gravel, fine to very coarse; contains some fine to

CoArse SANA .. .uuveirrnneeeeerinreiie e 29
Sand, fine to fine gravel; contains some medium to

CoArse Eravel ......eeiiii it 14

Silt, cream ; contains caliche ................ ...t 2
Gravel, fine to medium, and sand; interbedded with

buff SIlb overieiiii i e e e 14
Gravel, fine to medium, and sand; contains some coarse

gravel from 80 to 86 feet........ccovviiiiiiiiiiin. 16

CreracEoUS—Gulfian and Comanchean
Dakota formation and Kiowa shale, undifferentiated
Clay, silty, sandy, light-gray to yellow-brown, some

mottled light-gray, red, and yellow.................
Clay, mottled light-gray and red......................
Siltstone, gray-white; contains sandstone pellets.......
Clay, light- to dark-gray; contains some gray-black
fissile shale, sandstone, and pyrite..................
Siltstone, clayey, micaceous, dark-gray, and thin beds
of tan sandy limestone.............cooiviiiiiiian,
Clay, light- to dark-gray, and gray-black fissile shale;
contains thin beds of hard limestone...............
Clay, light- to dark-gray, and dark-gray fissile shale;
contains some sandstone and shells.................

14
20

8
32
10
69

47

Depth,
feet

2
11

40

56
70

86

100
120
128
160
170
239

286

20-14-10ad. Driller’s log of test hole in the SEY4 NEY sec. 10, T. 20 8,
R. 14 W., Barton County; drilled by the Layne-Western Company for the

Kansas Power Company of Great Bend.

[ 1)1 ettt
QuaTERNARY—Pleistocene and Recent
Alluvium
107 712
Sand, COAISE ..uvvrvrererernnesuneennesneocessannsnns
Sand and gravel ... i
(8
Sand and gravel ........oeiiiiiiiiiiiiii i
[0 72
Sand and gravel ......c..iiiiiiiiiiiiiiii e
Clay, yellow .. covviiiniiiiiintiiiiriirernneenenannnns
Sand and gravel .......cciiiiiiiiiiiiiiiiiiiiieieees
Sand, coarse, and gravel .........ciiiiiiiiiiiiiia,
Clay, yelloW ...covvviiirreriiriennaanes sesesissecans .

Thickness,
feet

Depth.
feet

1

10

22
28

32
45
50
63
73
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Thickness, Depth,

feet feet
Sand and gravel ......iiiiiiiiiiii i e 3 76
Clay, yellow ....overiiiiiiiiiiiiiiiiiiiiiiiierennnnas 2 78

20-14-16aaa. Driller’s log of test hole in the NEY4 NEY NEY sec. 16, T. 20 S.,
R. 14 W., Barton County; drilled by the Layne-Western Company for the
Kansas Power Company of Great Bend.

Thickness, Depth,

feet feet

61 2 2
QuaTERNARY—Pleistocene and Recent
Alluvium

Sand, COATSE +vvvvrttreneereinneraiinieeernnenenans 6 8
Sand and gravel ...ttt 16 24
[0 2 P 1 25
Sand and gravel.......... ... i it 5 30
Sand, coarse, and some gravel............... ..ol 8 38
Clay, yelloW ..ottt iieiieanaes 8 46
Sand, fine ...t e e 2 48
Sand and gravel ....... ... i 12 60
Sand, COATSe ..vvvirri ittt i 8 68
Clay, yellow ...ttt ittt iiiiieennas 7 75
Sand, COATSE +vvuurereriineeeernnneerenneeaeanneennns 18 93
Sand and gravel ...... ... . i 7 100
Sand, COArse ....vviii e 5 105
Sand and gravel ..... ..ottt 3 108

20-15-2dd. Sample log of test hole at the SE cor. sec. 2, T. 20 8., R. 156 W,
Barton County; drilled, 19/5.
Thickness, Depth,

feet feet
Road fill and 801l ..ottt ittt iiee e 3 3
QuaTERNARY—Pleistocene
Sanborn formation
Silt, tan to dark-brown; contains caliche nodules....... 46 49
Sand, fine, and clay; contains sandstone fragments..... 6 55
Creraceous—Gufian
Dakota formation
Sandstone, fine-grained, white to tan................. 13 68

20-15-4cd. Sample log of test hole at the SE cor. SW% sec. 4, T.20 8, R. 15 W.,
Barton County; drilled, 1945. Surface altitude, 1,971.4 feet.
Thickness, Depth,

feet feet
Road fill....ooiniiiii e 4 4
QuATERNARY—Pleistocene
Sanborn formation
Silt, tan, dark-brown, and buff; contains caliche nodules, 22 26
Silt; contains fragments of sandstone and “ironstone”.. 6 32

Creraceous—Gulfian
Dakota formation
Sandstone, fine- to medium-grained, white............. 6 38
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20-15-5aa. Sample log of test hole at the NE cor. sec. 5, T. 20 8, R. 15 W,

Barton County; drilled, 1946. Surface altitude, 1,976.6 feet.
Thickness, Depth,

feet feet
Road fill and s0il....covvinneiiieiie i 2.5 2.5
QUATERNARY—Pleistocene
Sanborn formation
Silt, tan to brown and buff; contains sandstone frag-
ments at base and caliche nodules.................. 40 42.5
Creraceous—Gulfian
Dakota formation
Sandstone, fine-grained, brown to white, and white clay, 5.5 48

20-15-22cc. Sample log of test hole at the SW cor. sec. 22, T. 20 S, R. 16 W,

Barton County; drilled, 1945. Surface altitude, 1,990.3 feet.

Thickness, Depth,
feet feet

Road fill and soil. ..o viviieiiii i eaann 4 4

QuaTterNARY—Pleistocene
Sanborn formation
Silt, tan to brown and buff; contains caliche nodules.... 58 62

CreracEOUS—QGulfian
Dakota formation
Sandstone, fine- to medium-grained, and white and
yellow clay...coovneiiiiiiiiiiii i 5 67

20-15-28cbb. Sample log of test hole in the NWY¥% NWi SW sec. 28, T. 20

8., R. 15 W., Barton County; drilled, 1945. Surface altitude, 2,035 feet.
Thickness, Depth,

feet feet
Soil, silty, buff.......oooiiiiii 3 3
QuaATERN ARY—Pleistocene
Sanborn formation
Silt, clayey, tan to brown...........oooiiiiiiiiiL 14.5 17.5
Silt, sandy, buff; contains caliche nodules............. 30.5 48
Clay, buff; contains limestone and sandstone fragments, 4 52
Creraceous—Gulfian
Dakota formation
Sandstone, dark-brown ............ .. il 3 55
Clay, yellow-tan ........c.cvveieniiiniennnecereneoenns 5 60

20-15-31aa. Sample log of test hole at the NE cor. sec. 31, T.20 S, R. 156 W .,

Barton County; drilled, 1945. Surface altitude, 2,0305 feet.
Thickness, Depth,

feet feet
Road fill and soil.....cuneriiiiiiiiiiiiiiiennnnnns 3 3
QuaTERNARY—Pleistocene
Sanborn formation
ST TL o) {0 ) s 1R 6 9
Silt, buff; contains fine sand, caliche nodules, and sand-
stone fragments ........oovviiiiiiiiiiiiiiienaana.s 36.5 45.5

Silt and sandstone fragments................coeuunn.. 2.5 48
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CRETACEOUS—Gulﬁan Thickness,  Depth,
Dakota formation feet feet
Clay, sandy, White.......covuiiiiiiiiiiinnninnnns 2 50

21-11-20ced. Sample log of test hole at the SE cor. SW¥% SW% sec. 20, T. 21
S, R. 11 W, Stafford County ; drilled, 1943. Surface altitude, 1,763.3 feet.

QUATERNARY Thickness, ~ Depth,

Marsh deposits (Recent) feet feet
Silt, black, interbedded with fine to medium sand...... 5 5
Sand, fine t0 COAISE. ... .covviiineiiiiiiniininnnnns 5 10

Meade formation (Pleistocene)
Gravel, fine to medium, and sand; contains yellow

clayey silt in upper 30 feet..........ooviiiiiiia, 48 58
Silt, sandy, buff.........cociiiiii 1 59
Gravel, fine to medium, and sand; silty................ 23 82
Silt, sandy, gray and light-gray..........c.cocoveen.... 15.5 97.5
PERMIAN
Siltstone, and very fine-grained sandstone; brownish-
= 7.5 105

21-11-24ce. Sample log of test hole at the SW cor. sec. 24, T. 21 8, R. 11 W,
Stafford County; drilled, 1945. Surface altitude, 1,741.1 feet.

ATERNARY
QUATERNAR Thickness,  Depth,

Dune sand (Pleistocene and Recent) feet feet
Sand, medium, and silt ... 2 2
Meade formation (Pleistocene)

Gravel, fine to coarse, and sand....................... 1.5 3.5
Clay and silt; yellow and light blue-gray; contains

some fine gravel and sand....................... ... 3.5 7
Gravel, fine to medium, and sand..................... 13 20
Silt, gray-white ; contains some sand and gravel......... 4 24
Sand and poorly sorted gravel........................ 4 28
Silt and fine to coarse sand; light-gray, yellow, and

buff; and caliche........... ... ... i il 15 43
Sand and fine to coarse gravel; silty.................. 8 51
Silt and very fine to medium sand; buff to light-brown, 5§ 56
Sand and fine to medium gravel; silty................. 8 64
Silt, yellow-gray and buff, and fine to coarse sand...... 2 66
Sand and fine to coarse gravel........................ 2 68
Silt and fine to coarse sand; light-gray and buff;

contains caliche........ ..ot iin, 15 83
Silt, yellow-gray, interbedded with fine gravel and sand, 10 93
Silt, sandy, light-gray to gray-blue.................... 27 120
Sand, fine to coarse, and silt; gray and gray-green...... 20 140
Gravel, fine to medium, and sand; contains many

pebbles derived from Cretaceous rocks.............. 24 164

PERMIAN

Shale, sandy, red.......ccoviiiiiiiii i 6 170

14—3191
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21-11-36dd. Sample log of test hole in the SE cor sec. 36, T. 21 S, R. 11 W,

Meade formation ' Thigess'
Sand, fine to coarse, and some silt; dark-gray........... 1.5
Sand, coarse to fine; contains a small amount of fine

gravel ... s 4
Silt, Hght-gray.......ovieiiiiiniiiiiiiiiiiiiiiann, 9.5
Gravel, fine, and sand...................oiiiiiiae, 11
Silt, calcareous, buff, and fine to medium sand......... 12

In lower part ... e 12
Gravel, fine, and sand; contains a small amount of
medium gravel.........ooiiiiiiiii e 12
Silt and clay; yellow-gray and gray; contains some fine
SANA L e e, 13
Silt, calcareous, buff; contains much very fine to
medium Sand.......coveiiiiereriiieiie e 21
- Sand, fine to coarse; contains some silt; buff............ 14
Sand, medium to fine........ooiiiiiiiiiii i 16
Clay, blue-gray.......c.oveeiiiiiiniiiiiininnnnneenn. 21
Gravel, fine, sand, and silt; light-gray.................. 10
Gravel, fine to medium, and sand..................... 46.5

Stafford County; drilled, July 1946.
QuATERNARY—Pleistocene

Silt and clay; calcareous, gray and buff; contains some
fine sand. Much concretionary calcium carbonate

PerMIAN—Leonardian

Shale, red....coveiieiiiiiiii i iiinennnnns 6.5

Surface altitude, 1,763.4 feet.

Depth,
feet

1.5

5.5
15
26
38

50
62
75
96
110
126
147

157
203.5

210

21-12-25bb. Sample log of test hole at the NW cor. sec. 25, T. 21 S, R. 12 W .,

Dune sand (Pleistocene and Recent) Th%ﬁl;sess’
Sand, fine to medium, and silt; dark-gray to tan........ 8
Silt and fine to coarse sand; buff...................... 14

Meade formation (Pleistocene)

Sand, fine to coarse, and fine gravel; silty.............. 18
Silt and fine to coarse sand; buff and yellow-gray; con-
tains caliche.....ocooiiiiiiiiiiiiiiiiiiia., 13
Gravel, fine, and sand............coiiiiiiiiiiiin., 1
Silt, sandy, yellow-gray........coovvuiiiiiiiiiinnennn, 6
Gravel, fine to coarse, and sand....................... 12
Silt, yellow and white; contains sand and fine gravel... 5
Gravel, fine to medium, and sand; contains some coarse
gravel and layers of silt............coveviiiiiin... 62
Silt, light-gray and buff, and caliche.................. 19
Silt, light blue-gray and buff; contains some sand and
fine gravel...... ..ottt 18
Gravel, fine to medium, and sand ; contains some silt and
a little coarse gravel................. ...l 35

Stafford County; drilled, 1945. Surface altitude, 1,819.5 feet.
QUATERNARY

PERMIAN

Shale, sandy, pink and red.......... .. ... ...l 9

Depth,
feet

8
22

40
53
54
60
72
i

139
158

176

211

220
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21-12-27bb. Sample log of test hole at the NW cor. sec. 27, T. 21 S, R. 12 W,

Stafford County; drilled, 1943. Surface altitude, 1,841.1 feet.

Thickness,
feet
Road fill ... s 2
QUATERNARY
Dune sand (Pleistocene and Recent)

Silt

and sand; buff, tan, gray, and white; contains caliche

nodules in lower part...............cooiiiinn..... 31
Meade formation (Pleistocene)

Sand, fine to coarse .......... ... it 3
Silt, sandy, gray and buff; contains caliche nodules.... 14
Sand, fine to coarse ...........oiiiiiiii i, 6

Silt

, sandy, tan; contains some fine to medium gravel.. 7

Gravel, fine to coarse; contains much sand and some silt, 27

Gravel, fine, and fine to coarse sand.................... 6
Silt, sandy, yellow and gray............c.coovvvunn..... 3
Gravel, fine to coarse, and sand....................... 19
Silt, sandy, gray and buff; contains some fine to me-

dium gravel........... .. i 15
Gravel, fine to medium, and fine to coarse sand....... 6
Silt, clayey and sandy, gray and yellow-gray........... 19
Gravel, fine to medium, and sand; silty................ 8
Silt, clayey and sandy, light-gray...................... 30
Gravel, fine, and fine to coarse sand................... 1
Silt, sandy, light-gray ........ccovviieninnnninn.. .. 3
Gravel, fine,and sand .................cooiiia.. 5.5

PerMi1aN

Siltstone and very fine-grained sandstone; dark-red.... 14.5

Depth,
feet

2

33

36
50
56
63
90
96
99
118

133
139
158
166
196
197
200
205.5

220

21-13-27db. Driller’s log of oil well (No. 1 Gates) in the Cen. NWY% SEY%
sec. 27, T. 21 8., R. 18 W., Stafiford County; drilled by the Atlantic Pro-
ducing Company, 1933.

QUATERNARY—Pleistocene

Meade formation Thlfilégess’
(Samples Missing) . .....oovvtiiiii 8
Silt, sandy, yellow-tan ............c.coivuinivnennnn... 10
Silt, yellow tan, and fine to coarse sand................ 7
Sand, fine, to medium gravel ........................ 20
Sand, fine to coarse; contains little gravel.............. 10

Sand, fine, to medium gravel; contains much tan silt... 16
Sand, fine, to medium gravel; contains some coarse

gravel in lower part................................ 37
Sand, fine to medium ............. . ... Ll 8
Sand, fine to medium gravel........................... 8
Sand, fine, tomedium. .................... ... ... ... 8
(Samples missing) .........oooiiiiii i 6
Sand and fine to medium gravel....................... 2

Depth,
feet

8
18
25
45
55
71

108
116
124
132
138
140
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Thickness,
feet
Sand, fine to coarse; contains some fine to coarse
e 2 Y P 16
Sand, fine to medium; contains some coarse sand and
o3 23 =) AP 6
CreTAcEOUS—Comanchean
Kiowa shale
Shale, sandy, dark-gray ............cccoiiiiiiiiia.... 8
Shale, sandy, dark-gray; contains pyrite and shell
fragments ......c.iiiiiiiiiiiii it 11
Cheyenne sandstone
Sandstone, fine-grained, white......................... 13
Sandstone, fine-grained, white; contains some dark-gray
shale ...oeiiiiii i e e 11
Sandstone, very fine-grained, silty, white; contains car-
bonaceous material in lower part ................... 10

Sandstone, fine-grained, white, and some dark-gray
shale; contains pyrite and some yellow and red

SANASEONE .. .vttiiii i e, 30
PerMiaN
Siltstone, sandy, red and mottled red and white........ 10

Sandstone, fine- to medium-grained, and siltstone; red.. 30

Depth,
f eet

156

162

170
181
194
205

215

245

255
285

21-13-22bb. Sample log of test hole at the NW cor. sec. 22, T.21 S, R. 13 W,

Stafford County; drilled, 1943. Surface altitude, 1,884.0 feet.

Thickness,
feet
Road fill ... 2
QUATERNARY
Dune sand (Pleistocene and Recent)
Sand, fine to medium, silty............ccoiiiiiii.... 14
Meade formation (Pleistocene)
Silt, sandy, white, gray, tan, and cream; contains
caliche ...oviiiiiiii ittt it e 9
Gravel, fine to coarse; contains much sand............ 21
Silt, sandy, gray and buff, and caliche................. 4
Gravel, fine to medium ; contains some sand and a little
caliche ... i 6
Gravel, fine to coarse, sand, and silt; partially cemented
by caliche ......ccviiiiiiiiiii i, 4
CRETACEOUS
Dakota formation (Gulfian)
Clay, silty, sandy, cream and green-gray............... 3

Sandstone, fine- to medium-grained, hard, yellow-tan.. 25
Clay and shale; yellow-gray, and brown and red-brown
medium-grained hard sandstone; contains hematite.. 8
Kiowa shale (Comanchean)
Clay, dark blue-gray; contains hematite and pyrite.... 14
Clay, gray, and black fissile shale; contains pyrite, thin
beds of hard limestone, and shell fragments......... 20

Depth,
feet

2

16

25
46
50
56

60

63
88

96

110

130
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21-13-24bb. Sample log of test hole at the NW cor. sec. 24, T.21 S, R. 13 W,

Stafford County; drilled, 1945. Surface altitude, 1,861.5 feet.
Thickness, Depth,

feet feet
Soil, sandy, dark-gray............ ..o, 1.5 1.5
QUATERNARY
Dune sand (Pleistocene and Recent)
Silt, blocky, gray....covveiiiii i 3.5 5
Sand, fine to coarse, silty, gray and tan................ 15 20

Meade formation (Pleistocene)
Sand, fine to coarse; contains some fine to coarse gravel

and Silb oo e e 20 40
Gravel, fine to coarse, and sand; contains some gray-

green Silt ... 100 140
Gravel, fine to medium, and sand; contains some yellow

and gray silt.......ooiiiiiii e 16 156

CrETACEOUS—Comanchean
Kiowa shale
Shale, yellow-gray to dark blue-gray; contains shell bed
and pyrite near base.......... ..ttt 13 169
Cheyenne sandstone
Sandstone, fine-grained, white, and gray to white shale;

contains pyrite and carbonaceous material.......... 41 210
Clay, sandy, light greenish-gray, and very fine to fine
T2 1 o 22 232
PERMIAN
Siltstone, hard, light-gray, and red and light-gray shale, 28 260

21-14-20bb. Sample log of test hole at the NW cor. sec. 20, T. 21 S, R. 14 W.,
Stafford County; drilled, 1943. Surface altitude, 1,9408 feet.

UATERNA
Q RNARY Thickness, ~ Depth,

Dune sand (Pleistocene and Recent) feet feet
Sand, fine to coarse, silty, tan........................ 6 6
Silt and sand; gray and tan.................. ... 11 17

Meade formation (Pleistocene)
Grayvel, fine to medium, and fine to coarse sand; contains

some coarse gravel and a few thin layers of buff silt.. 75 92
Silt, sandy, gray and buff............... ... ... ... 8 100
Sand, fine, to medium gravel................c.ouu.... 3 103
Silt, sandy, buff........ ..o 31 134
Gravel, fine; contains sand and silt.................. 5 139
Silt, sandy, buff.......... ... . 9 148
Gravel, fine to medium; contains some coarse gravel,

sand, and silt. ...l i 26 174
Silt, sandy, blue-gray and buff........................ 11 185

CreTAcEOUS—Comanchean
Kiowa shale
Clay, blue-gray, gray, hard siltstone, and gray hard sand-
stone; contains some limestone and shell fragments.. 11 196
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Clay, light-gray, and dark-gray fissile shale; contains

some gray hard sandstone........................ 14 210
Shale, fissile, dark-gray; contains pyrite and shell frag-
IENES ittt i i i i e it i i e, 5 215

22-11-5dc3. Sample log of test hole at the SW cor. SEY sec. 5, T. 22 8.,
R. 11 W, Stafford County; drilled, 1945. Surface altitude, 1,772.6 feet.

Thickness, Depth,
feet feet

Road fill and dark-gray sandy soil..................... 2 2
QUATERNARY—Pleistocene
Meade formation
Sand, fine, to medium gravel, and silt; yellow-buff and

Hghtegray oo e 8 10
Gravel, fine, and sand................... ..., 4 14
Silt, sandy, gray tobuff............. ... ... ...l 19 33
Sand, fine to coarse; contains some fine to coarse gravel

and buff silt.............o i 21 54

CreraceEous—Comanchean
Cheyenne sandstone

Shale, sandy, yellow and green-gray.................... 5 59
Sandstone, very fine- to fine-grained, silty, light blue-

gray, interbedded with light blue-gray shale......... 16 75

PerMIAN

Shale, sandy, red-brown.............................. 1 76
Sandstone, fine-grained, light-gray, and blue-gray, pink,

~ and red-brown shale................oiiiieiiinn... 14 90
Shale, sandy, red brown, and fine- to medium-grained

SANdStone ...t e 20 110

22-11-7bbb.  Partial sample log of oil test (No. 1 Wolf) at the SW cor.
NW¥% NW% NW%Y% sec. 7, T. 22 8., R. 11 W., Stafford County, drilled
by the Shell Oil Company, 1943.

QUATERNARY—Pleistocene

Meade formation Thiokpess: rf':stth’
Sand, fine to coarse, tan..............ooiiuiniin.... 20 20
Sand, coarse, tan; contains some fine to medium sand

and fine gravel............... .. .. ... .... b 25

CreracEous—Comanchean
Cheyenne sandstone
Sandstone, very fine-grained, micaceous, white, and
some tan, brown, red, and yellow very fine-grained

Sandstone ...........i.iiii e 45 70
PERMIAN
Siltstone, red-brown; contains some very fine sand.. 20 90

22-11-28be.  Sample log of test hole at the SW cor. NW% sec. 28, T. 22 8.,
R. 11 W, Stafford County; drilled, 1945. Surface altitude, 1,818.8 feet.

Thickness, Depth,
feet feet

Road fill and gray sandy soil........................ 2 2
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QUATERNARY .
Dune sand (Pleistocene and Recent) Thlfcel;?ess' Df:s:h'
Silt and sand; tan and light-gray; contains some fine
gravel in lower part...........oooiiiiiiiiiii it 20 22
Meade formation (Pleistocene)
Gravel, fine to medium, sand, and silt; tan............. 2 24
Silt, tan; contains sand and fine to medium gravel..... 4 28
Gravel, fine, and sand; contains much silt and a few
pebbles of Cretaceous rocks........................ 28 56

Creraceous—Comanchean
Cheyenne sandstone
Sandstone, very fine- to fine-grained, argillaceous, light-

gray, and yellow sandy shale....................... 7 63
Shale, sandy, light blue-gray and yellow; contains thin
beds of sandstone. .........c.ooiiieniiieiiieieinn. 13 76
PERMIAN
Shale, sandy, red and light-gray....................... 14 90

22-12-23cc. Sample log of test hole at the SW cor. sec. 23, T. 22 S, R. 12 W,
Stafford County; drilled, 1945. Surface altitude, 1,864.7 feet.

QUATERNARY .
. Thickness, Depth,
Dune sand (Pleistocene and Recent) feet feet

Sand, fine to medium, silty.........ccooiiiiiiiiiian 6 6
Meade formation (Pleistocene)
Silt, brown, gray, and yellow buff, and fine to coarse

5121 4 Ve At 29 35
Silt and fine to coarse sand; contains some fine gravel in

JOWeEr Part ......viveeiiiieiiiiiiiiiiiiiiiiiiiiaa 25 60
Sand, fine to coarse gravel ..........cciiiiiiiiiiin., 14 74
Silt, buff, and fine to medium sand; contains a few ce-

mented beds ......cociiiiiiiiiii e 26 100
Sand, fine, to coarse gravel..............coiiiiia 13 113
Silt and fine to coarse sand; contains some fine to me-

dium gravel in lower part ...........oiiiiiiiaa., 9 122
Silt and clay; sandy, light-gray and yellow-gray....... 5 127
Sand, fine to coarse, silty; contains some fine to medium

gravel ... 23 150
Gravel, fine to medium, and sand ..................... 8 158

PERMIAN

Shale, red; contains some gray sandstone............. 10 168

22-13-22cc. Sample log of test hole at the SW cor. sec. 22, T. 22 S, R. 13 W,

Stafford County; drilled, 1943. Surface alittude, 1,897 4 feet.

Thickness, Depth,
feet feet

Road fill .o it 2 2
QUATERNARY

Dune sand (Pleistocene and Recent)
Silt and sand; tan and yellow-gray.................... 6 8
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Thickness, Depth,

feet feet
Sand, fine to coarse, silty, tan...............ciian. 7 15
Meade formation (Pleistocene)
Silt and fine to coarse sand; tan, buff, and white; con-
tains caliche in lower part................c.oui.n.. 15 30
Sand, fine to coarse, silty, white; contains caliche.... 10 40
Gravel, fine to coarse, and sand....................... 65 105
Silt, clayey, micaceous, green-gray..................... 2 107
Gravel, fine to coarse, and sand; contains a few layers
of silt «onei e 83 190
CreETACEOUS—Comanchean '
Cheyenne sandstone
Sandstone, fine-grained, white, greenish-gray, and light-
yellow; contains some silt and pellets of brown hard
SANASTONE .ttt e 30 220
Siltstone and sandstone, fine-grained; light buff and
White ..ot e 20 240
Sandstone, silty, blue-gray .........coovvuiiininnannn. 18 258
PERMIAN
Shale, silty, dull-red, and red-brown and blue-gray
medium-grained hard sandstone ................... 12 270

22-14-17baa. Partial sample log of oil test (No. 1 Pinkston) in the center NE%
NEY NW sec. 17, T. 22 8., R. 14 W, Stafford County; drilled by Kessler
and Simpson. Approximate surface altitude, 1,955.0 feet.

ATERNARY—Pleist
QUATER eistocene Thickness,  Depth,

Meade formation feet feet
(NoSample) ..ot 30 30
Sand, fine, to medium gravel; contains some silt

Jayers oo 80 110
Gravel, medium to coarse, and sand ; contains some silt.. 60 170

Gravel, coarse; contains some medium sand to medium
gravel and silt. Includes many pebbles of brown
sandstone and “ironstone” ......................... 35 205

Creraceous—Comanchean
Kiowa shale
Shale, dark-gray to black; contains pyrite and shell
fragments .......o.iiiiiiii e 35 240
Sandstone, very fine-grained, gray, brown, and red-
brown, and some gray shale. Contains pyrite and
shell fragments ........ ... oo, 30 270
Cheyenne sandstone
Sandstone, very fine-grained, white to light-gray;

contains PYTITE «vvvevnrnne i i 33 303
PERMIAN
Siltstone, sandy, red ........iiiii i 7 310

22-14-32cc. Sample log of test hole at the SW cor. sec. 32, T. 22 S, R. 14 W.,
Stafford County; drilled, 1943. Surface altitude, 1,966.3 feet.

Thickness, Depth,
feet feet

Road fill ..ot 2 2
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QUATERNARY .
. Thickness,  Depth,
Dune sand (Pleistocene and Recent) }Ze{.less foet
Silt and sand; gray, brown, and buff.................. 28 30

Meade formation
Silt, yellow-gray and gray; contains some fine sand to

Coarse Eravel ......iiiiiiiiiiiiiiii i i 10 40
Silt, sandy, white and yellow............ ... .. ..., 2.5 42.5
Gravel, fine to medium, and sand..................... 25.5 68
Clay, silty, yellow-gray, and caliche................... 7 75
Silt, gray and tan; contains some fine to coarse sand

and fine to coarse gravel................ ... oL 7 82
Gravel, medium to very coarse; contains some sand and

fine gravel ... ..o e 8 90

CreTACEOUS—Comanchean
Kiowa shale
Clay, silty, light blue-gray and yellow-buff; contains

hematite from 98 to 100 feet.............c.ooovt.. 10 100
Clay and shale; gray, blue-gray, and buff; contains a

few thin beds of gray hard limestone............... 50 150
Clay and shale; gray, and gray fine-grained sandstone;

contains shells from 152 to 153 feet................. 10 160
Clay, gray-white, and some black fissile shale; contains

72 & 1 - SRRt 10 170
Clay and shale; light-gray to black; contains some fine

to medium sand.........oeiiiiiiiiii i 75 245

Cheyenne sandstone
Clay and fine sand; gray-white; contains a few pellets
of medium-grained hard sandstone................. 15 260

23-13-12aa. Sample log of test hole at the NE cor. sec. 12, T. 23 8., R. 13 W .,
Stafford County; drilled, 1945. Surface altitude, 1,862.0 feet.

UATERNARY
Q Thickness, Depth,

Dune sand (Pleistocene and Recent) feet feet
Sand, fine to medium. ...ttt 4 4
Meade formation (Pleistocene)
Silt, sand, and gravel; poorly sorted................... 5 9
Gravel, fine to coarse, and sand; contains some light-
gray and brown silt.......... ... il 115 124
Silt, gray buff; contains caliche....................... 19 143
Gravel, fine to coarse, and sand; silty................. 24 167

CreracEOUS—Comanchean
Cheyenne sandstone
Sandstone, fine- to medium-grained; contains some

yellow and light-green clay..................oout 25 192
Shale, sandy, blue-gray......coovveeiiieeeinneenennnnn 2 194
PERMIAN

Shale, sandy, red-brown, blue-gray, and pink.......... 6 200
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23-13-22bb. Sample log of test hole at the NW cor. sec. 22, T. 23 S, R. 13 W.,
Stafford County; drilled, 1943. Surface altitude, 1,873.5 feet.

Thickness, Depth,
feet feet

Road fill ...... ..o 1 1

QUATERNARY—Pleistocene
Meade formation

Silt, sandy, gray-buff; contains caliche nodules......... 3 4
Gravel, fine to coarse, and sand; contains some silt. .. .. 13 17
Silt, sandy, gray......oooiiiiiiiiiiiiii i 2 19
Gravel, fine to coarse, and sand....................... 44 63
Silt, clayey, buff; contains some fine gravel, sand, and

caliche nodules ................. .. ..o, (i} 69

CreTACEOUS—Comanchean
Kiowa shale

Shale, clayey, light-gray and yellow-gray; contains gyp-

SUIML vevvvennenennnnnnnnn et trereeeteeaeeieiaaaes 21 920
Shale, fissile, gray-black to black; contains thin shell
beds and some sandstone.......................... 40 130

Cheyenne (?) sandstone
Clay, gray-white, and white fine-grained hard sand-

Stone .. e e 3 133
PERMIAN
Shale, red-brown .........c.iiiiiiiiii e 12 145
Clay and fine-grained sandstone; gray-white........... 5 150
Shale, red-brown ............ ... . 5 155

23-13-28ca. Driller’s log of irrigation well of J. B. O’Conner in the NEY
SW4% sec. 28, T. 23 8., R. 13 W ., Stafford County; drilled in 1937. Surface

altitude, 1,896.9 feet.
Thickness, Depth,

feet feet
00l e 2 2
QUATERNARY—Pleistocene
Meade formation
Clay o e 8 10
Sand, fine, grading downward into very coarse gravel... 48 58
Clay oot e 0.5 58.5

24-11-5aa. Sample log of test hole at the NE cor. sec. 5, T. 24 S, R. 11 W,
Stafford County; drilled, 1943. Surface altitude, 18226 feet.
Thickness, Depth,

’ feet feet
Road fill ..o e 1 1
QUATERNARY
Dune sand (Pleistocene and Recent)
Silt, gray and gray-brown...............ciiiuiuinnnnn.. 5 6
Silt and sand; gray, gray-brown, tan, and yellow....... 22 28

Meade formation (Pleistocene)
Gravel, fine to medium, and sand..................... 18 46
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Thickness, Depth,

feet feet
Silt, sandy, gray and gray-brown; contains caliche..... 10 56
Silt, sandy, yellow, buff, and gray; contains some fine
to medium gravel and caliche...................... 24 80
Gravel, fine to medium, and sand; contains caliche and
many pebbles of “ironstone”....................... 22 102
PERMIAN
Shale, silty, brick-red and green-gray.................. 8 110

24-11-25dd. Sample log of test hole at the SE cor. sec. 25, T. 24 S, R. 11 W.,

Stafford County; drilled, 1943. Surface altitude, 1,771.0 feet.
Thickness, Depth,

feet feet
Road fill ... e 2 2
QUATERNARY—Pleistocene
Meade formation
Silt, sandy, tan ..ot e e 16 18
Clay, lHght-gray ......cciviiiiiiiiiiiinennnnnneneons 2 20
Gravel, fine to coarse, and sand; contains a few pebbles, 28 48
Silt, sand, and gravel; poorly sorted.................. 5 53
Gravel, fine to medium, and sand..................... 4 57
Silt, sandy, buff ... 4 61
Gravel, fine to medium, and sand..................... 3 64
Silt, clayey, yellow .....vviiiiieniiiiiiiieiiniennn, 6 70
Gravel, fine to coarse, and sand....................... 20 90
Sand, fine to coarse; contains some fine to medium
gravel and some light-gray silt..................... 22 112
PerMAN
Shale, silty, dull red.......ccovviiiiiiiiiiiiiiiienn. 3 115

24-11-28dd. Sample log of test hole at the SE cor. sec. 28, T. 24 8., R. 11 W,
Stafford County; drilled, 1945. Surface altitude, 1,791.9 feet.

Thickness, Depth,
feet . feet

Road fill and soil; gray brown........................ 3 3
QuATERNARY—DPleistocene
Meade formation
Silt and fine to coarse sand; tan to light-gray; con-

tains some fine to medium gravel in lower part...... 24 27
Gravel, fine to coarse, and sand; contains some silt and

many pebbles .. ... i i ea 6 33
Silt and sand, fine to coarse; contains some fine to coarse

gravel from 50 to 60 feet.........ccovieiiinnnn.... 27 60
Gravel, fine to coarse, and sand; silty................. 10 70
Silt, buff and greenish-gray; interbedded with silty sand

and gravel .. ...ttt i ittt i e, 25 95
Gravel, fine to medium, and sand..................... 3 98
Silt, buff ..o i e 4 102
Gravel, fine to medium, and sand...................... 2 104

PERMIAN

Shale, sandy, red and yellow-gray..................... 9 113

Shale, sandy, red-brown and blue-gray; contains some
gray-white fine-grained sandstone ........... e 37 150
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24-12-34bb. Sample log of test hole at the NW cor. sec. 34, T. 24 S, R. 12 W,

Stafford County; drilled, 1943. Surface altitude, 1882.1 feet.
Thickness, Depth,

feet feet
Road fill ..o 2 2
QUATERNARY
Dune sand (Pleistocene and Recent)
Silt and fine to medium sand; gray, gray-brown, and
YelloW o e 8 10
Meade formation (Pleistocene)
Silt, sandy, tan and gray; contains some fine gravel.... 10 20
Silt, buff and gray; contains fine to coarse sand........ 20 40
Silt, yellow buff; contains fine to medium gravel and
SANA L. e e 8 48
Gravel, fine to coarse, and sand; contains some yellow
silty clay in lower part...........coovveinennennnn... 25 73
Silt and clay; light-gray, gray, and buff; contains some
caliche ... ..o 47 120
Silt, clayey and sandy, gray; contains caliche.......... 17 137
Gravel, fine to medium, and sand...................... 6.5 143.5
CrETACEOUS—CoOmanchean
Cheyenne sandstone
Siltstone, light greenish-gray; contains some fine to
medium sand and gray fine- to medium-grained hard
sandstone ........... i 47.5 191
PerMI1AN
Shale, silty, red-brown and blue-gray.................. 19 210

24-14-31bb. Sample log of test hole at the NW cor.sec.31, T. 24 S, R. 14 W.,
Stafford County; drilled, 1943. Surface altitude, 1,999.1 feet.
Thickness, Depth,

feet feet
Soil, sandy, gray-brown.................. i, 2 2
QUATERNARY—Pleistocene
Meade formation
Silt and sand; tan and gray.............. ...l 16 18
Silt and fine to coarse sand; buff and white; contains
some fine gravel and caliche....................... 12 30
Sand, fine, to medium gravel; contains some silt and
caliche .......ooiiiiiii 30 60
Gravel, fine to medium, and sand..................... 22 82
Sand, fine to medium, silty; contains caliche and some
fine to medium gravel................cccvvinn..... 8 90
Silt, sandy, gray-buff; contains caliche................. 45 135
Sand, fine to coarse, and buff silt...................... 5 140
Sand, fine to coarse, and fine gravel.................... 9 149
Silt, sandy, buff; contains caliche...................... 4 153

CreracEOUS—Comanchean
Kiowa shale
Clay, blue-gray, and a few thin shell beds; contains
PYIIbE et e 17 170
Clay, gray, and dark-gray fissile shale; contains a shell
bed from 189.5 t0 190 feet......ovveeereerennan..... 20 190
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Thickness, Depth,

feet feet
Shale, fissile, gray to black; contains many shells....... 50 240
Cheyenne sandstone

Clay and silt, and fine-grained hard sandstone; gray... 9 249
Siltstone and fine-grained sandstone; white; contains

some blue-green siltstone........................... 6 255

PerMIAN
Siltstone, brown-red; contains gypsum................ 5 260
Claystone, silty, dull-red................cooviiinina... 20 280

24-15-30cc. Sample log of test hole at the SW cor. sec. 30, T. 24 S., R. 15 W,
Stafford County; drilled, 1943. Surface altitude, 2,063.1 feet.
Thickness, Depth,

feet feet
Soil, sandy, gray-brown.................. .o 3 3
QUATERNARY—Pleistocene
Meade formation
Silt and fine to coarse sand; gray and tan............ 23 26
Gravel, fine, and sand.................cooiiiininan... 4 30
Silt, sandy, tan and gray-white, interbedded with fine
to coarse gravel.........oiiiiiiiiii i 30 60
Gravel, fine to medium, and sand...................... 6 66
Silt, sandy, gray; contains caliche..................... 1 67
Gravel, fine to medium, and sand..................... 9 76
Silt, sandy, gray and tan. ... 4 80
Gravel, fine to medium, and sand...................... 7 87
Silt, sandy, buff; contains caliche...................... 50 137
Gravel, fine to medium, and sand; contains some silt... 5 142
CreracEOUS—Comanchean
Kiowa shale
Sandstone, medium-grained, hard, brown.............. 8 150
Clay, light to dark-gray, and gray shale; contains thin
beds of gray hard limestone........................ 30 180

25-11-33aa. Sample log of test hole at the NE cor. sec. 33, T.-268,R. 11 W,
Stafford County ; drilled, 1943. Surface altitude, 1,821.} feet.

Thickness, Depth,
feet feet

Road fill ..o e 1 1
QUATERNARY—Pleistocene
Meade formation
Silt, clayey, gray-buff and yellow; contains some fine

to medium sand and caliche........................ 24 25
Gravel, fine to coarse, and sand........................ 55 80
Silt and fine to coarse sand; buff...................... 3 83
Gravel, fine to medium, and sand; contains some coarse

gravel and a few layers of yellow and buff silt........ 61 144
Silt and fine to coarse sand; buff and white; contains

caliche ....... o i i 16 160
Silt, clayey, sandy, pink-brown................co...... 3 163
Gravel, fine to medium, and sand; silty................ 10 173

PERMIAN '

Shale, brownish-red, and some light-gray shale........ 7 180



222 Geological Survey of Kansas

25-13-33aa. Sample log of test hole at the NE cor. sec. 33, T. 25 S, R. 13 W,
Stafford County; drilled, 1943. Surface altitude, 1,92568 feet.
Thickness, Depth,

feet feet
Road fill.....oeiiiiii ittt e eneanans 2 2
QUATERNARY—Pleistocene
Meade formation
Silt, sandy, yellow, gray, and buff ; contains some caliche, 27 29
Gravel, fine to coarse, and sand........................ 7 36
Silt, soft, white........cooiviiiiiii i 2 38
Gravel, fine to coarse, and sand....................... 6 44
Silt and fine to coarse sand; buff..................... 5 49
Gravel, fine, and sand......... ..., 5 54
Silt, sandy, gray-buff......... ... ...t 3 57
Sand, fine to medium, loosely cemented................ 3 60
Gravel, fine, and sand..............coiiiiiiiii... .. 5 65
Silt, sandy, buff and gray-green; contains some caliche.. 10 75
Gravel, fine to medium, and sand..................... 61 136
Silt and fine to coarse sand; gray-buff.................. 13 149
Gravel, fine to medium, and sand..................... 5 154
Silt and fine to coarse sand; buff...................... 2 156
Gravel, fine to medium, and sand..................... 25 181
PeErMIAN
Shale, brick-red; contains some light-gray shale and
gray-white fine-grained sandstone................... 9 190

25-15-33dd. Sample log of test hole at the SE cor. sec. 33, T. 25 8., R. 15 W,
Stafford County; drilled, 1943. Surface altitude, 2,026.9 feet.
Thickness, Depth,

feet feet
Soil, sandy, brown........... ..ttt 3 3
QUATERNARY
Dune sand (Pleistocene and Recent)
Silt and fine to coarse sand; tan and gray.............. 7 10
Meade formation (Pleistocene)
Gravel, fine to coarse; contains some sand and silt. ..... 10 20
Silt, sandy, gray-white, buff, and gray-brown; contains
some fine to medium gravel and caliche............. 14 34
Gravel, fine to coarse, and sand; contains a few layers of
gray-brown, yellow, and buff silt................... 72 106
Silt and fine to coarse sand; light-tan and buff......... 27.5 133.5
Gravel, fine to medium, and sand..................... 28.5 162
Silt and fine to coarse sand; tan and gray.............. 15 177
Gravel, fine to medium................. ... ..., 9 186
Silt and fine to coarse sand; gray...........oeevvunn.. 1 187

Gravel, fine to medium, and sand; silty................ 18 205
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Thickness, Depth,

feet feet
Silt, sandy, gray........c.oieiiiiiiiiiniininnann. 4 209
Gravel, fine to medium, andsand...................... 11 220
CreTACEOUS—Comanchean
Kiowa shale
Clay, dark-blue gray, gray fissile shale, and thin beds
of gray fine-grained sandstone...................... 10 230
- Shale, fissile, black; contains some pyrite.............. 11 241
Cheyenne sandstone
Sandstone, fine-grained, hard, white and gray white;
contains some white siltstone and pyrite............ 9 250
Siltstone, sandy, white......................... . ... 4 254

PERMIAN
Shale, silty, brick-red...........ccoooviiiiiin... 6 260
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EXPLANATION x 1920
Alluvium ~ ~

Gravel, sand, and silt comprising stream deposits in the larger volleys and "z'
Cheyenne Bottoms. Includes some terrace and marsh deposits. Yields large w
amounts of water to wells in Arkansas and Walnut Valleys and small to Q al 8
moderate amounts to wells in Cheyenne Bottoms and the smaller stream o
valleys. Waters from alluvi in Chey B and Big and Little [
Marshes are of poor quality; elsewhere they are hard but otherwise of z
good quality. <
w

r4

o

Dune sand E

Fine- to medium-grained quartz sand. Not known to yield water to wells, v
but are imp h areas for g d-wat harg: -
o

Sanborn formation

Silt, sandy silt, and fine sand that locally contains lenses of coarse sand
and gravel. Includes sti laid terrace d and wind-bl sedi-
ments. Supplies water to domestic and stock wells in the Cow Creek drain-
age area and the Walnut Valley terrace area. Locally, large supplies of
water are available from these deposits in the Walnut Valley terrace area.
The waters are moderately hard to hard.

Meade formation

Y
QUATERNARY

Interbedded lenses of unconsolidated gravel, sand, and silt, containing
much caliche. Sand and gravel beds of the Meade formation are the most
important sources of ground water in Stafford County and southern Bar- Q m
ton County, and supply adequate water of good quality to domestic, stock,
irrigation, industrial, and public-supply wells. Locally, in northeastern
Stafford County, the waters from the Meade formation are highly min-
eralized.

~
PLEISTOCENE

Undifferentiated Pleistocene
Unconsolidated silt, sandy silt, and clay that contains caliche and, locally, Q u p
thin lenses of sand and gravel. Supplies water to a few domestic and stock
wells in the vicinity of Galatia.

Carlile shale N
(Fairport chalky shale member)

Chalky shale and thin beds of chalky limestone. Furnishes small to meager
supplies of hard to very hard water to a few dug domestic and stock wells
in northern Barton County.

. 1000050707

Greenhorn limestone 1050005000

,,,,, e

Chalky shale alternating with beds of hard chalk; contains thin beds of 72K gn’/7
hard crystalline limestone in lower part. Furnishes small to meager sup- Loss 07
plies of water to a few domestic and stock wells in northern Barton County. 5;5;5;5;;5
y

Graneros shale \\\\‘

N I shale ining selenite, pyrite, and thin beds of fine- \Kg

S
grained sandstone. Relatively impermeable; not known to yield water to \
wells in this area. \\\\\

N

Dakota formation

Varicolored clay, shale, sill and fine- to coarse-grained sandstone
occurring in alternating beds and lenses; contains thin beds of ironstone
and lignite. Sandstones of the Dakota formation are the chief sources of
ground water in the upland areas of Barton County and supply water to
many domestic and stock wells and to the city-supply wells at Claflin and
Ellinwood. Yields of wells range from a few gallons a minute to a few
hundred gallons a minute. Some wells yield water of good quality, but
others yield water too highly mineralized for ordinary uses. W,

v
GULFIAN

CRETACEOUS

Kiowa shale

Shale and sandy shale containing beds or lenses of fine- to medium-
grained sandstone and thin beds of hard calcareous sandstone and sandy
limestone. Unimportant in this area as a water-bearing formation. Sand-
stone supplies water to only one recorded well. In most of this area the
waters in the Kiowa shale are probably highly mineralized.

=
=
COMANCHEAN

[¢]
1835 Contour interval 10 feet

Well location. Number refers
to altitude of water level

—/800——

X 1776 Water-table contours based on instrumen-
Altitude of water surface tal levels (dashed where position is infer-
in stream or lake red)

J

Ancient beach ridge

ATGHIS N
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Marsh area
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204

—+—+ Railroad
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Section line (no road)
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N
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0 | . 2 o 3 Drainage from aerial photographs
=] of the U. S. Dept. of Agriculture
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