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GEOLOGY AND GROUND-WATER RESOURCES
OF SEWARD COUNTY, KANSAS

By Frank E. ByrNe and THAD G. McLaAvGHLIN

ABSTRACT

The report describes the geography, geology, and ground-water resources of
Seward County in southwestern Kansas. The county has an area of 643
square miles and had a population of 6,593 in 1940. The area consists pre-
dominantly of flat to rolling upland plains which are broken only by the
valley of the Cimarron River, which extends diagonally across the county.
The climate is semiarid, the average annual precipitation being about 18
inches. The principal occupations in the area are farming and livestock
raising.

The report includes a map showing the areas of outcrop of the rock forma-
tions (Pl. 1). The Meade and Kingsdown formations and dune sand underlie
the upland areas and the Meade, Rexroad (?), and Laverne formations are
exposed along the sides of Cimarron Valley. The floor and lower slopes of
the valley are underlain by alluvium and colluvium. The report also contains
a diagrammatic cross section of the area showing the distribution of the rock
formations above the Permian redbeds as determined by extensive test drill-
ing (Pl 3).

The report contains a map of the area showing the depth to water level by
means of shading (Pl. 2). The water table ranges in depth from less than 10
feet in parts of Cimarron Valley to more than 200 feet in parts of the upland.
A map showing by contours the shape and slope of the water table is also
included in this report. The contours show that ground water moves east-
ward through Seward County and that the gradient of the water table ranges
from about 4 feet to the mile in the northeastern part of the county to about
40 feet to the mile in the southwestern part of the county.

The ground-water reservoir is recharged principally from precipitation that
falls within the area, by percolation from intermittent streams, and by sub-
surface inflow from adjacent arcas. Ground water is discharged from the
ground-water reservoir by movement into adjacent areas, by evaporation and
transpiration in areas of shallow water table, by seepage into Cimarron River,
and by wells. All the domestic, publie, industrial, and irrigation supplies and
much of the stock supply are obtained from wells.

Ground water in Seward County is hard. but is suitable for most ordinary
uses. Waters from the Laverne. Rexroad (?), and Meade formations are
similar in composition and in hardness. Waters from the alluvium generally
are of poorer quality.

The principal water-bearing formations in Seward County are the Rex-
road (?), Laverne. and Meude formations, but a few domestic and stock wells

()]
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8 Geological Survey of Kansas

obtain water from alluvium in the Cimarron Valley. The character and
water supply of each formation are discussed in the report.

The field data upon which most of the report is based are given in Table
10 and include records of 162 wells and chemical analyses of the waters from
20 representative wells. Logs of 35 test holes, water wells, and oil and gas
wells in the area are given, including 23 test holes put down by the State and
Federal Geological Surveys.

INTRODUCTION

Purpose and scope of the investigation—The Geological Survey,
United States Department of the Interior, and the Kansas Geolog-
ical Survey started a program of ground-water investigations in the
western part of Kansas in July 1937. In this program was en-
listed the cooperation of the Division of Sanitation of the Kansas
State Board of Health and the Division of Water Resources of the
Kansas State Board of Agriculture. The execution of the program
thus far has been concentrated largely in the western part of the
State where ground-water problems have been deemed most press-
ing, although critical areas in central and eastern Kansas also have
been investigated.

The investigation of the occurrence, quantity, and quality of
ground water available in Seward County was undertaken during
July and August of 1940 by Byrne. The project was under the im-
mediate supervision of S. W. Lohman, Federal geologist in charge
of ground-water investigations in Kansas, and was under the gen-
eral administration of R. C. Moore, K. K. Landes, and J. C. Frye,
State Geologists of Kansas, and O. E. Meinzer, Geologist in Charge
of the Division of Ground Water of the Federal Geological Survey.

During the first field season, measurements of the water levels
in more than 150 wells were made to determine the configuration
of the water table in all parts of the county, the depth of the water
table below the land surface, and the probable aquifers supplying
the wells. Such data are accurate bases for comparative measure-
ments of water levels in the same wells at some future time. Eleven
wells were selected as observation wellg, four of them being aban-
doned subsequently, and monthly water-level measurements were
made by Richard B. Christy, Woodrow W, Wilson, Allan Graffham,
and Howard Palmer. Samples of water were colleeted from 18 wells
to determine the chemical quality of the water; the analyvses were
made by Robert II. Hess in the Water and Sewage Laboratory of
the Kansas State Board of Health,  Analyses of the munieipal wa-
ter supplies of Liberal and Kismet, the two incorporated cities in

Google



Seward County, Kansas 9

the county, were obtained from the files of the State Board of
Health.

The field study also included an investigation of the geological
formations exposed at the surface in the county with particular
regard to their water-bearing qualities. Information relative to the
underlying formations was obtained through the logs of water and
gas wells already drilled and from the cuttings supplied from 17
test holes drilled by a portable hydraulic-rotary drilling machine
(P1. 4) owned by the State Geological Survey and operated in 1940
by Ellis Gordon, Perry McNally, and L. P. Buck, in 1942 by Ellis
Gordon, James B. Cooper, and Oscar S. Fent, and in 1944 by Oscar
S. Fent, Milford Klingaman, and Harold Rector.

The report was begun by Byrne and was partly completed when
he entered the armed forces. In order to complete the report it was
necessary for McLaughlin to do additional field work in that area
to familiarize himself with the geologic and hydrologic problems.
Additional field work, therefore, was done during the summer of
1943. Most of the base data had been collected during the first
field season so that during the second field season special emphasis
was placed on the geology in the Cimarron Valley in southeastern
Seward County and southwestern Meade County. The report was
then completed by McLaughlin. The section on Geologic forma-
tions and their water-bearing properties and the section on Recharge
were prepared by McLaughlin; all other sections were prepared by
Byrne. v .

Location and size of the area—Seward County is situated in the
southwestern part of the State of Kansas, in the first row of coun-
ties north of Oklahoma and in the third row of counties east of
Colorado. The county is bounded on the north and south by paral-
lels 37° 23" and 37° 00’ north latitude, respectively, and on the east
and west by meridians 100° 38 and 101° 04’ west longitude (Fig. 1).
The county has an area of 411,520 acres, or 643 square miles, is
rectangular in outline, and measures 26.8 miles from north to south
and 24 miles from cast to west.

Previous geologic and hydrologic investigations.—In 1895, Hay
undertook a water-resources study of a portion of the central Great
Plains. Although the arca studied did not include Seward County,
Hay named several formations exposed in this area and advanced
theories for their origin. Cragin (1896) deseribed and named three
formations of Meade and Clark Counties, these being of significance
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12 Geological Survey of Kansas

the waters from eight local wells. Haworth (1913, pp. 57-68) sum-
marized the ground-water resources of western Kansas in a non-
technical report prepared for the interested layman.

The report of a survey made by Theis, Burleigh, and Waite (1933)
summarized the supplies of ground water available in the southern
portion of the High Plains and described the prineipal aquifers.
The results of a soil survey of the southern High Plains were pub-
lished by Joel (1937) in a report that includes a useful soils map of
Seward County. Smith (1940) published his studies on the Tertiary
and Quaternary geology of Seward and other counties of southwest-

.ern Kansas. Frye and Hibbard (1941) made an important contri-
bution to the detailed geology of the southwestern Kansas region in
the report of their investigations in Meade County. Investigations
have also been made of the geology and ground-water resources of
areas adjacent to Seward County (Schoff, 1939; Frye, 1942; Latla.
1944; McLaughlin, 1946; and Schoff and Stovall, 1943).

Methods of investigation.—The highway map of Seward County
issued by the Kansas State Highway Commission, in codperation
with the State Planning Board, was used as the base map for re-
cording field observations and in the preparation of Plates 1 and 2.
Revisions of roads and railroads were made on the base map as
such changes were encountered in the field. The drainage lines were
transposed from aerial photographs and mosaies obtained from the
Agricultural Adjustment Administration of the United States De-
partment of Agriculture.

The contaets of the geologic formations exposed at the surface
were added to the base map dircetly from field observations and
were checked against acerial photographs and the soils map of Seward
County prepared by the Department of Agriculture, Soil Conserva-
tion Service. The areal distribution of the geologie formations and
the form of the water table as indicated by water-table contours
based on sea-level datum are shown on Plate 1.

The depth to water in all parts of Seward County is shown on
Plate 2. The locations of the wells measured during the field seca-
son or for which reported measurements were recorded are indicated
by small ecircles on this map. The position of each well within a
seetion was determined by odometer reading.  The wells from which
water samples were taken for analysis are designated by brackets
around the well numbers.  The wells are numbered in order by
ranges from cast to west and by townships from north to south.
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Seward County, Kansas 13

Within each township the order of well numbers follows the num-
bering of the sections.

Acknowledgments—Much of the information included in this re-
port was supplied by farmers, ranchers, county and municipal
officials, and businessmen of Seward County. Their generous assist-
ance was further implemented by Gene Harris, County Farm Agent;
by H. W. Hillis, Chief Engineer of the Chicago, Rock Island, and
Pacific Railway; and by officers of the Soil Conservation Service.
Lee Larrabee of Liberal contributed considerable of his time. and
knowledge of Seward County. John C. Frye and Stuart L. Schoff,
then of the United States Geological Survey, aided with their sug-
gestions on problems of hydrology and geology.

The writers are greatly indebted to Claude W. Hibbard, formerly
Curator of Vertebrate Paleontology of the Dyche Museum, Uni-
versity of Kansas, whose studies of the faunas of the Tertiary and
Quaternary formations in southwestern Kansas have greatly facili-
tated the mapping of the geology of that area. Dr. Hibbard spent
many weeks in the field in Seward County in 1940 and 1943 and as-
sisted in mapping most of the geology in Cimarron Valley in the
southeastern part of the county.

The illustrations included in this report were prepared under the
supervision of Robyn Ashby Addis of the State Geological Survey.
The manuscript was reviewed by members of the Federal Geologi-
cal Survey; by R. C. Moore, State Geologist; by George S. Knapp,
Chief Engineer of the Division of Water Resources of the Kansas
State Board of Agriculture; and by Paul D. Haney, Director, and
Ogden S. Jones, Geologist, of the Division of Sanitation of the Kan-
sas State Board of Health. The manuscript was edited by Betty
J. Hagerman of the State Geological Survey.

GEOGRAPHY
ToOPOGRAPHY AND DRAINAGE

Seward County lies entirely within the High Plains section of the
Great Plains physiographic province. The principal part of the
county consists of a slightly rolling upland plain, largely obscured
by sand dunes in the southern half and traversed by the valley of
Cimarron River from the northwestern corner to the southeastern
corner,

The surface of Seward County slopes almost impereeptibly from
the western border of the county to the southeastern corner. The
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14 Geological Survey of Kansas

highest point on the upland has an altitude of about 2,950 feet and
the lowest point on the upland of about 2,680 feet. The slope of
the upland, therefore, is about 11.1 feet to the mile toward the east
and the southeast. The plain is of low relief, as is demonstrated
by its typical expression in the northeastern quarter of the county.
The upland hills are only slightly above the general surface of the
plain and slope gently downward to the wide shallow basins that
lie between them. Only in a few places, except for the areas im-
mediately adjacent to Cimarron Valley, is the upland plain in-
vaded by established drainage lines, these being long tributaries
of the Cimarron. The surface runoff of the true upland, seemingly,
is in the form of sheet wash, there being no evidence of gullying
apparent in the soft materials underlying the upland. A part of
the precipitation falling on the uplands descends as sheet wash to
the low points of the upland surface where it collects in shallow
pools. Because of the clayey character of the upland soil in many
places, these pools may persist for some time after precipitation has
ceased. The playas so formed have been called “buffalo wallows,”
although their association with buffaloes would scem a coincidental
rather than a casual one. The imperviousness of the soil under-
lying a “wallow” may be in part due to the sheet wash transporta-
tion to the lowest part of the shallow basin of the very finest par-
ticles available on the gentle tributary slopes.

The typical upland plain topography is largely obscured in the
southern half of the county except for an occasional “window” that
shows through the concealing sand dunes. The upland sand dunes
exhibit at least three magnitudes of expression as surface features.
Most extensive are the dunes of low elevation that may be dis-
tinguished from the nonsandy upland surface only by their slightly
hummocky topography. The sand in these areas contains a large
admixture of silt, has a fairly well-developed soil profile, and can
support “row crops.” The dunes of the sccond type are less exten-
sive, less silt is mixed in with the sand, and the hummocky topog:
raphy is developed in moderate relief. The most typical sand dunes
are those of the third type, actively blowing at the present time in
many places. Such dunes project conspicuously above the other-
wise subdued surface and constitute some of the highest points in
the county. Dunes of the intermediate type support a good stand
of serub vegetation, but are not readily adapted to cultivation. The
high dunes are only poorly protected by a thin covering of vegeta-
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Seward County, Kansas 15

tion and resume their migration when the vegetal cover has been
breached. A typical migrating dune is shown in Plate 5.

The several types of upland dunes exhibit what seems to be a
consistent relationship to one another. Dunes of intermediate mag-
nitude lie within more extensive areas of subdued dunes and the
high dunes, if present, are to be found within more extensive areas
of intermediate dunes.

The Cimarron River is the only well-established drainage line in
Seward County. The river enters the county about 1.3 miles east
of the northwest corner and leaves the county about 2.1 miles north
of the southeast corner. Its diagonal course across the county is
marked by moderate lateral undulations.

In about the southeastern half of its course, the Cimarron carries
water throughout most of the year. In the northwestern half, how-
ever, water appears above the stream bed only during periodic flood
stages. Heavy rains to the west of Seward County are reflected in
sudden increases in the flow of the Cimarron. In a few hours the
river may rise to bank-full stage after having been only a meager
trickle of water meandering sluggishly across the stream bed (Pl
5B). Such floods subside with equal rapidity.

The Cimarron Valley differs markedly in form in the northwest-
ern and southeastern parts of the county. In the northwestern part,
where generally there is no surface flow, the sand-covered stream
bed occupies a wide shallow depression of the valley floor. The
valley floor rises gently away from the stream and merges almost
imperceptibly with the gently sloping valley walls. The materials
exposed along the valley walls in this section are unconsolidated
gravel and sand, and there is no sharp break demarking the valley
walls from the upland.

The southeastern part of the valley is sharply contrasted from the
above. Rivulets and pools of water are almost always to be found
on the sandy stream bed, which occupies a steep-walled trench in
the valley floor. The valley floor rises very gently away from the
stream in & manner suggestive of a pediment. Then, abruptly, the
gentle slope intersects the steep and moderately high valley wall.
With equal abruptness, the valley wall intersects the general level
of the upland plain. The materials exposed along the valley walls
consist mainly of indurated gravel, sand, and clay that contain, in
many places, two hard “mortar beds” and, at the top, a hard bed of
caliche. The average relief is greater in this section of the valley
and the transverse profile is distinctly more angular.
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Seward County, Kansas 17

has a length of approximately two miles and occupies a steep-sided
draw incised into the valley wall. The lower portion of the tribu-
tary consists of a sand wash cut into the pedimentlike slope of the
valley floor. .

The tributaries in the northwestern part of the county generally
are much longer than the average and, consequently, have gentler
gradients and shallower transverse profiles. Such tributaries cut
into the harder underlying formations in only a few places, and
their valleys might be termed “soft-rock” canyons as compared with
the “hard-rock” draws to the southeast. Only the mouth of the
longest of these canyons, Yarbo Canyon, is in Seward County; the
remainder is in Stevens County to the west. Yarbo Canyon is about
5 miles long. A fairly typical example of a “soft-rock” tributary is
found along the western border of T. 31 S, R. 33 W. An unusual
“goft-rock” tributary lies in the east-central part of T. 32 8., R. 34
W. and the west-central part of T. 32 S., R. 33 W. This tributary
parallels the Cimarron at a distance of about 2 miles to the south-
west. In sec. 30, T. 32 S, R. 33 W., the tributary swings to the
east and then to the northeast before it enters Cimarron Valley.
Many shorter tributaries lie between its parallel course and the
Cimarron, indicating the possibility of its capture by one or more
of the shorter tributaries of the Cimarron at some future time. Per-
haps such tributaries as this are remnants of an older drainage sys-
tem not yet fully assimilated by the present-day Cimarron.

CLIMATE

Seward County lies in a region of continental semiarid climate.
Day temperatures during the summer are high, but discomfort is
held to a minimum by the low relative humidity and the constant
moderate winds. Irradiation is rapid so that the night temperatures,
even in midsummer, are fairly low. Hot drying winds blow at irreg-
ular intervals during the summer and may cause appreciable crop
damage.

The winter season is fairly cold and rather windy, but is accom-
panied by little snow. Occasional blizzards may be sufficiently
severe and sufficiently sudden to cause considerable damage to live-
stock. The temperature ranges at Liberal, based on a 23-year pe-
riod of record by the U. S. Weather Bureau, are given in Table 1.
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Seward County, Kansas 19

Precipitation data available for stations at Liberal and near Kis-
met are summarized in Figures 2, 3, and 4. The precipitation was
below normal during most of the years between 1930 and 1941 re-
sulting in the most severe drought since weather observations were
begun in this area. The same is true for the station situated 12
miles northwest of Kismet (Fig. 4.) The years 1931, 1933, 1934,
1937, and 1939 were particularly dry near Kismet, and 1938 was
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F1g. 3. Graphs showing (A) the annual precipitation at Liberal, Kansas,
and (B) the cumulative departure from average precipitation at Liberal.
(From records of the U, S. Weather Bureau.)

the only year, subsequent to 1928 and prior to 1941, in which the
precipitation near Kismet exceeded normal although it was not
much below normal in 1930.

About three-fourths of the annual rainfall generally falls during
the growing season. Most of the precipitation falls in rather violent
storms, sometimes of cloudburst proportions, separated by long dry
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20 Geological Survey of Kansas

intervals, but occasionally it falls slowly. The extremes of precipi-
tation at Liberal are: least rainfall in a year, 10.25 inches in 1916;
most rainfall in a year, 32.42 inches in 1915. The recorded ex-
tremes at the station near Kismet are:- least rainfall in a year, 9.95
inches in 1937; most rainfall in a year, 28.67 inches in 1941.
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Fi1a. 4. Graphs showing (A) the annual precipitation near Kismet, Kansas,
and (B) the cumulative departure from average precipitation near Kismet.
(From records of the U. S. Weather Bureau.)

AGRICULTURE

The county was first settled by ranchers in about 1883, being
formally organized in 1886 and named for W. H; Seward, the Sec-
retary of State under President Lincoln. For many years, cattle
raising remained the major industry in the county. Most of the
ranches were located along Cimarron River, as they are at the pres-
ent time. The upland was cultivated then only for winter feed. In
recent years there has been a slow trend back toward the cattle in-

dustry (Table 2).
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Seward County, Kansas 21

Tamz 2.—Average number'of livestock tn waard County, by five-year periods,
1910-1944

1910-14 | 1915-19 | 1920-24 | 1925-29 | 1930-34 | 1935-39 | 1940-44

Milk cows..| 2,767 | 2,751 | 1,791 ( 1,564 | 1,487 ( 1,713 | 1,776
Other cattle| 65,722 | 9,785 | 8,874 | 6,853 | 8,085 ( 6,055 | 13,784

Hogs....... 1,613 | 2,654 | 3,271 | 2,107 | 2,257 772 | 3,886
Sheep...... 593 359 72 12 117 872 | 8,622
Hens.......|........|.......[........ 34,447 | 26,680 | 28,748 | 47,340
Horses. . ... 2,786 | 3,721 | 4,297 | 3,241 ) 2,007 | 1,095 724
Mules. ... .. 879 | 1,284 | 1,735 1,265 418 133 52

1. Compiled by the Department of Agricultural Economics, Kansas State Agricultural Ex-
periment Station, Manhattan, Kansas.

In the area northeast of the river, the grass and row-crop agri-
culture gave way to the raising of wheat in about 1922 to 1924.
Several years later the same change affected the section around
Liberal and wheat continues to be the most important agricultural
product of the county (Table 3). In the five-year period, 1930-
1934, the acreage of wheat harvested averaged 94,379 a year, but

TaBLE 3.—Average acreage of crops harvested in Seward County, by five-year
periods, 1910-19441

1910-14{1915-19/1920-24|1925-29(1930-34/1935-39|1940-44

Wheat harvested....| 26,789 42,167 59,308(100,325| 94,379| 63,535({132,120
‘Wheat abandoned. .| 15,385 23,505| 22,114| 26,830( 39,682{.......|.......

Corn.............. 7,021| 8,962| 14,350| 18,843| 20,677 4,682 1,710
Oats.............. 2,050| 2,906] 1,126 204 241 196 490
Barley............. -1,652| 6,699 7,171 2,145 1,619 489( 6,110
Grain sorghums. . . .| 24,471| 46,318| 41,457| 34,817|....... 30,551 25,966
Alfalfa............ 327 75 20f. ..o
Broomcorn ........ 5,583 2,736| 3,109|....... 3,464} 2,327 914

1. Compiled by the Department of Agricultural Iconomics, Kansas State Agricultural Ex-
periment Station, Manhattan, Kansas.

during the same period an average of 39,682 acres of wheat was
abandoned each year. During the same period the county produced
each year an average of about 21,000 acres of corn, necarly 2,000
acres of barley, 25,000 to 45,000 acres of grain sorghums, and about
3,400 acres of broomcorn. At one time Liberal was reputed to be
the largest grain-sorghum center in the world. The average indi-
vidual crop yields, from 1922 to 1932, were: wheat, 10.6 bushels to
the acre; corn, 13.2 bushels; barley, 13.4 bushels; kafir, 15.9 bushels;
and milo, 17.1 bushels. The fluctuations in yield for all crops, in the
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22 Geological Survey of Kansas

same period, were 31 percent greater than the average for the State.

Drought and wind erosion have had a considerable influence on
the agricultural practices within the county. Many farmers lost
their farms as a result of the drought and left the county or re-
mained as tenants, generally operating the farms under a cash-crop
lease from an absentee owner (Table 4). The average size of the
farm has been increased in the last several years by the practice
of one person farming several properties previously operated by
several individuals.

R .34 W. R. 33 W. R.32W. R.31W

KEY
® Natural gas ® Gravel
® Volcanic ash  © Caliche
® Stone

Fia. 5. Map of Seward County showing locations of mineral deposits.
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Seward County, Kansas 23

TasLe 4—Tenure of farms in Seward County in 1930, 1985, and 1940, in per-
centage of total acreage farmed!

Owner ‘Partowner Manager | Tenant

1930.. ... .o 17.8 36.8 0.2 45.2
1985.. ... ...l 22.5 28.8 0.2 48.6
0.2 | 54.8

1840. .. ... 20.7 24.5

1. Compiled by the Department of Agricultural Economics, Kansas State Agricultural Ex-
periment Station, Manhattan,

The type of soil determines the crops that are raised. Loam
and silt soils are seeded primarily to wheat, grain being a sec-
ondary cash crop. Fine sandy loams are devoted, about half and
half, to the cultivation of wheat and row crops. Sandy loams are
utilized for the same crops as the fine sandy loams, but are subject
to blowing and probably should be reserved for cover crops and
pasture (Gene Harris, County Farm Agent in 1940). The dune
phase of the sandy loam soils generally is in pasture, but row crops
and wheat are grown on some of it. These areas were once covered
by bluestem but are now covered largely by sagebrush and other
desert plants. The clayey lake bottoms, known also as buffalo wal-

lows (p. 14) can be farmed, but are subject to drowning-out be-
" cause of poor subsurface drainage. The alluvial sandy soils in
Cimarron River Valley formerly were covered by excellent hay
meadows, but the widening channel of the Cimarron has destroyed
most of them,

MiINERAL RESOURCES

Several mineral deposits of economic value occur in Seward
County, including natural gas, volcanic ash, gravel, caliche, and
stone. Most of them are produced in relatively small quantities,
however, and are used only locally. The locations of these deposits
are shown in Figure 5.

Glas—Several producing gas wells, gas test wells, and oil test
wells have been drilled in Seward County. The logs of several of
these are given at the end of this report. The Boles no. 1 well was
the first oil test drilled in southwestern Kansas. A strong flow of
gas was encountered between depths of 2,716 and 2,755 feet. Deep-
ening the well to 2,919 feet produced only salt water. The well was
plugged back to shut out the water and was finished as a gas well
on July 20, 1920. This well is the “discovery” well of the south-
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western Kansas gas-producing district, generally called the Hugoton
field.

The Sealy no. 1 test well which was drilled during 1925 is now
capped, but is said to be capable of production. The Pyle no. 1
and Hitch no. 1 test wells were not productive. There were 10 pro-
ducing gas wells in Seward County at the end of 1944. Landes
(1937, p. 88) states, “It is reasonable to assume that all of western
Seward County, at least, is underlain by gas-bearing strata.” The
Liberal Gas Company derives its supply of natural gas from sev-
eral wells in the vicinity of the discovery well. Production seem-
ingly comes from at least three limestones in the Chase group
(Wolfcampian series, Permian system).

Volcanic ash.—Volcanic ash, known also as pumice or pumicite,
crops out at several localities along Cimarron Valley, mainly along
the southwestern side. The material is exposed only on the valley
wall generally within 75 feet of the upland surface. Only a few of
the deposits were being exploited in 1940. The volcanic ash is
found in isolated beds in the Meade formation. The color is roughly
determined by the degree of purity, the ash with essentially no
extraneous material being white or light gray. The addition of clay
alters the color to medium or dark gray. In one locality, some of
the ash is brown owing to the addition of limonite. The ash breaks
up readily into a fine gritty powder composed of very angular par-
ticles. The material shows little or no induration except that im-
parted to it by the angularity of its constituent particles. The beds,
which average about 4 feet in thickness, generally display well-
developed bedding, the planes being horizontal in general, but in
some places the beds exhibit the oscillatory type of cross-bedding
found in materials deposited in lakes or ponds. Irregular calcareous
concretions, variable in both size and shape, are a common feature
of the ash.

Chemically, the voleanic ash consists predominantly of “rock
glass,” a solution of solidified silicates, and a minor amount of soda
and potash feldspars. No chemical analyses of the ash collected
from Seward County were made, but an analysis of a similar de-
posit found only a few miles to the northwest in Grant County
(Western Spar Products Company mine) has been published by
Landes (1928, p. 15).

Voleanic ash has many uses. Probably its chief use is as a scour-
ing agent, although such a usage of it is made by only a few resi-
dents of the county. There is no commercial production of the
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Seward County deposits for this purpose at the present time. The
pits now being exploited furnish volcanic ash for road-building pur-
poses. The material may be used as a part of the fill of a soft-
surfaced road or may be used as & binder in the construction of
black-top roads, adding much, it is said, to the ability of such roads
to stand up under heavy traffic. Road-building uses are entirely
local and only occasional. Following are descriptions of the ash
deposits visited by Frank Byrne in 1940.

" A emall ash pit is located on the west side of the road in the SE14
SE1 sec. 7, T. 81 S, R. 3¢ W. The ash is relatively impure and
is used only as road fill.

A moderately’ large pit that seemingly has not been worked for
several years is located on the north wall of Yarbo Canyon in the
SW1, NE14 sec. 19, T. 31 S, R. 3¢ W. The ash rests on a clay
floor and its basal part contains an admixture of clayey impurities.
The next 2 feet of material is finely bedded and of greater purity.
The top 4 feet comprises a single massive layer that is quite pure
except for the uppermost 1.5 feet, which is somewhat clayey. Small
tubular concretions are common in the bedded part. The beds ap-
pear to dip at an angle of about 15 degrees to the south.

A large pit on the Burg Ranch in the SW14 sec. 19, T. 32 S,, R.
33 W. once was extensively worked, the ash having been used in the
construction of “black top” roads. The material is in a relatively
pure bed about 5 feet thick that becomes clayey ncar the top.
Bedding is well-developed throughout the mass and in one horizon
there is strongly marked cross-bedding (Pl 11B). Large irregular
concretionary masses are found throughout the upper part. Soft
tan nodules of impure ash as large as 6 inches in diameter occur in
a few places. The volcanic ash overlies a massive brown sand.

The Sunflower Mineral Mine in the SW14 NE1/ sec. 13, T. 33 S,,
R. 32 W, is the largest ash pit in the county (Landes, 1928, p. 43).
It was opened by T. C. Perry and has not been worked since 1926.
The Rock Island Railroad built a short spur to the pit. The floor
is a gray clay, above which is a massive bed of relatively pure
ash about 8 fect thick. The immediate overburden is a layer of
brown sandy voleanic ash containing nodules of caliche. The
bedding planes show a low-angle primary dip (Pl 11C). A tex-
tural analysis for this material (given by Landes, 1928, p. 44) in-
dicates that only 7 percent of the material passed through a 300-
mesh screen, but that 99 percent of the material passed through a
20-mesh screen.
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An outcrop in the NW14 sec. 85, T. 83 S, R. 32 W. contains a
bed of relatively pure volcanic ash about 5 feet thick that secms
néver to have been worked. Gastropod shells were found in the ash.

An unworked outcrop of volcanic ash occurs in the SEl; SEl;
sec. 35, T. 3¢ S, R. 31 W. The bed is about 8 feet thick of which
about 4 feet is exposed.

Caliche—Caliche is used within the county as a road-surfacing
material. It is applied directly to the top of the road, binding the
road gravel firmly, thereBy increasing the intervals between grad-
ings. The caliche is taken from shallow pits excavated in the upper-
most part of the Meade formation. Pits so used were found at the
following localities: (1) three pits in the S14% sec. 34, T. 34 S., R. 34
W.; (2) two pits in the NW1} sec. 6, T. 35 S., R. 31 W.; and (3)
NEY4 sec. 3, T. 35 S., R. 31 W. The caliche is disseminated through-
out a brown sandy silt or occurs as nodules in the same material.
The uncalcified overburden is thin and is easily removed with a
drag. _

Gravel —Gravel is worked from several localitics along Cimar-
ron Valley. All the pits investigated were excavated in the gravelly
lower part of the Meade formation or from terrace deposits. These
were located as follows:

(1) NW1; sec. 28, T. 31 S,, R. 34 W.,.a very extensive pit oper-
ated for gravel and sand for road materials; (2) sec. 17, T. 32 S,,
R. 33 W., several pits that were worked extensively in 1943; (8)
NE1, NW1; sec. 6, T. 31 S., R. 3¢ W., a fair-sized pit worked for
road materials; (4) SW14 NE14 sec. 29, T. 32 S., R. 33 W., not now
being worked; (5) El% SEl4 sec. 21, T. 33 S,, R. 32 W, an exten-
sive pit operated by Mrs. G. A. Correll. The basal 5 feet of gravel
is heavily calcified, but the upper 4 feet is clean-washed. The gravel
is quite coarse and consists of fragments of sandstone, scoriaceous
felsite, graphic granite, petrified wood, mortar bed, and other frag-
ments in less abundance; (6) NW14 SW1j scc. 36, T. 33 S., R. 32
W., a gravel pit operated by the Panhandle Eastern Pipeline Com-
pany, about three-quarters the distance up the west wall of Cimar-
ron Valley.

Building stone—Two beds of rock provide building stone for
local use. One of these, the so-called “saw-rock” bed in the La-
verne formation, was quarried at about the beginning of this cen-
tury from an exposure of the Laverne in sec. 24, T. 34 S,, R. 31 W.
The local name refers to the softness of the material which permits
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the sawing of it into desired shapes and sizes. The rock was used
in the construction of some of the buildings at Arkalon and of a
few of the ranch buildings in the valley. "Despite its softness, the
stone seems to be quite durable, perhaps because of the case-hard-
ening of the surface that takes place after the removal of the rock
from its natural ledge.

A mortar bed in the Meade formation was quarried in the NE14
SE1; sec. 36, T. 34 S., R. 31 W. for stone to be used in the construc-
tion of the county fair ground at Liberal. The rock is as hard as
good limestone and must be quarried by hard-rock methods.

PorPULATION

Seward County is one of the less populous of the Kansas counties,
ranking 76th in 1940. The census of 1880, the first for the county,
lists 5 residents for the county and indicates that they were prob-
ably there for the hunting season. In that year, however, there
was a postoffice located at Adobe (sec. 5, T. 34 S., R. 31 W, on the
east side of the Cimarron), a settlement since abandoned.

In 1883, the State Legislature added the unorganized counties of
Kansas, Stevens, and a portion of Meade, to the unorganized county
of Seward. The temporarily enlarged county measured 90 miles
east to west and 27 miles north to south. The population was then
estimated to be 500. In 1885 the population had increased to 713.

Seward County, in its present size, was formally organized in
June 1886, at which time the population had increased to 2,551.
Fargo Springs (secs. 25 and 26, T. 32 S., R. 33 W.) was established
as the county seat. In 1888, the county seat was removed to Spring-
field (sec. 4, T. 32 S, R. 33 W.) where it remained until 1896 when
it was again removed, this time to Liberal, its present site. The
cities of Fargo Springs and Springfield (population of more than
300 persons in 1889) have been abandoned.

The population of the county declined from 2,620 in 1889, to its
minimum as an organized unit, 663 in 1897. Then followed a steady
increase to 1,493 in 1906, followed by a sudden increase to 3,018 in
1907. The population grew at a fairly constant rate to 5,053 in
1916. Again there came a sudden increase to 6,087 in 1917. Since
1917 the population has fluctuated between 5,990 (1925) and its
maximum of 7,768, which was reached in 1939 (Table 5). The
population increased greatly during the war as a result of the
establishment of an Army air base at Liberal.
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Of the 1940 population, 90.0 percent were native whites born of
native parents, 8.7 percent were native whites born of foreign-born
parents, 1.2 percent were foreign-born whites, and 0.1 percent were
Negro.

The well-being of agriculture seems to be the determining factor
insofar as the county’s population is concerned. The sudden in-
crease in population in 1906 and 1907 might possibly reflect the
time of the real opening of the southwest to crop agriculture rather
than livestock agriculture. The rapid upswing in 1916 and 1917
possibly indicates the influence of World War I on the wheat mar-

TasLe 5.—Population of Seward County, 1880-19401

Popula- Popula- , Popula- Popula-
Year t{)on Year t?on Year t?on Year tion
1880 5 18907 663 1914 4,178 1931 6,637
1881 (2) 1898 685 1915 4,498 1932 6,135
1882 (2) 1899 721 1916 5,063 1933 7,318
1883 500 1900 804 1917 6,087 1934 6,980
1884 (2 1901 865 1918 6,006 1935 7,212

1885 713 1902 803 1919 | 6,239 1936 6,816
1886 | 2,551 1903 824 1920 | 6,327 1937 7,052
1887 (2) 1904 978 1921 | 6,265 1938 7,061
1888 | 2,250 1905 | 1,035 1922 | 6,306 1939 7,768
1889 | 2,620 1906 | 1,493 1923 | 6,203 1940 6,593
1890 | 1,575 1907 | 3,018 1924 | 6,040 1941 6,448
1891 1,047 1908 | 3,520 1925 | 5,990 1942 6,406
1892 929 1909 | 3,846 1926 | 6,058 1943 8,016
1893 | 1,000 1910 | 3,858 1927 | 6,191 1944 8,004
1894 826 1911 | 4,333 1928 | 6,089
1895 (2) 1912 | 4,228 1929 | 6,586
1896 688 1913 | 4.074 1930 | 6,954

1. Compiled from the Biennial Reports of the Kansas State Board of Agriculture.
2. Not reported.

ket and the consecquent expansion of the wheat-growing areas in the
western part of the State. The recent fluctuations in population
seem to be related directly to the crop success or failure for any
one year.

Liberal has long been the principal city in the county. At the
present time there is only one other incorporated city, Kismet,
which was founded in 1930. The distribution of population within
the county is shown in Table 6. The percentage of rural inhab-
itants has declined in recent years, probably because of drouth and
the subsequent dust storms which made farming an unprofitable
enterprise during at least some of the years.
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Toers 6.—Urban and rural population of Seward County, 1931-19401

1931| 1932| 1933| 1934| 1935/ 1936| 1937| 1938| 1939| 1840

Liberal.......... 4,099:3,41614,575(4,314(4,653|4,5094 ,848/5,075(5,615(4,613
Kismet.......... 232| 244 195 197 225 245 237| 189| 286 213
Rura ........... 2,306[2,475|2,548(2,469|2,334(2,062|1,967|1,797|1,867(1 ,867
‘ Total. ...... 6,637|6,135(7,318/6,980|7,212/6,816(7,052(7,,061(7,768/6,593

1. Compiled from the records in the office of the Seward County Clerk.

TRANSPORTATION

The main line of the Chicago, Rock Island, and Pacific Railway
Company runs approximately east and west through the southern
part of Seward County. The Amarillo branch line of the same
railway joins the main line at Liberal. At one time Liberal was a
division point on the Rock Island and the railway still maintains
rather extensive yards there. Liberal serves as an important load-
ing center for wheat and livestock.

The county is traversed by four Federal Highways, US 54, US 83,
US 160, and US 270, all surfaced with black-top. The county roads
are kept in good repair wherever they are still in use. Some roads
in the least-populated sections are being allowed to deteriorate.
The county roads carrying most of the local traffic are either
graveled or are improved by the addition of caliche or volcanic ash
to the road bed.

GEOLOGY

SUMMARY OF STRATIGRAPHY

The geologic formations that have been recognized in Seward
County either through surface outcrops or through the identification
of the cuttings from test holes drilled by the Federal and State Geo-
logical Surveys are indicated in Table 7. The presumed relationships
of the several stratigraphic units involved are indicated diagram-
matically in Plate 3. The oldest geologic formations penetrated by
the test holes were the redbeds of the Permian system. These do not
crop out within the county, but are at the surface in Meade County.
Several producing gas wells and oil- and gas-test wells (logs 12, 17,
and 18) have been drilled to depths ranging from about 0.5 mile
to almost 1 mile below the surface. The shallower of these either
found production or drilling was stopped in formations near the
base of the Permian system. The log of the deepest test well drilled
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32 Geological Survey of Kansas

to date is not now available so that no valid conclusions can be
drawn as to what still older geologic systems are present below the
Permian.

The Cretaceous formations which overlie the Permian redbeds do
not crop out in Seward County, but have been found in surface ex-
posures not far to the west in Morton County (McLaughlin, 1942),
to the northwest in Stanton County (Latta, 1941), and to the south
in Texas County, Oklahoma (Schoff, 1939). The nearest Creta-
ceous outcrops to the east are found in Clark County.

The oldest surface rocks in the county belong to the Laverne
formation. Outcrops of the Laverne are restricted to the lower
valley slopes along the southeasternmost part of Cimarron Valley
in Seward County, but occur also in the adjacent part of Meade
County and in Oklahoma. The Laverne formation is separated
from the overlying Rexroad (?) formation by a prominent uncon-
formity. Evidence to be presented later indicates that the geo-
logic age of the Laverne is early Pliocene, but the exact age of the
Rexroad (?) is still in doubt. The sediments here included in the
Rexroad (?) formation crop out principally along the wall of the
lower Cimarron Valley, but outcrops of beds as far west as Morton
County are believed by us to belong to this formation. Both the
Laverne and Rexroad (?) probably underlie all of Seward County.

It was not found practicable to separate the Meade formation
from the somewhat younger Kingsdown silt; hence they were
mapped as a single undifferentiated unit. The gravel and sand of
the Meade crop out extensively along Cimarron Valley. The sand
and silt of the Kingsdown directly underlie much of the upland
surface north of Cimarron River except where they are concealed
beneath relatively thin deposits of dune sand. Paleontologic evi-
dence from this county and from Meade County confirms the Pleis-
tocene age of the Meade formation and the Pleistocene and Re-
cent age of the Kingsdown silt.

The youngest geologic formations in the county—alluvium, col-
luvium, and dune sand—are primarly Recent in age although part
of the dune sand may be older. The alluvium is restricted to the
valley bottoms, and the dune sand covers limited areas in Cimarron
Valley and large parts of the upland surface.

The areal distribution of the exposed formations is shown in Plate
1, and all of the formations are described in greater detail in the
section on geologic formations and their water-bearing properties.
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Seward County, Kansas 33

Grovrocic HisTory
PALEOZOIC ERA

The early episodes in the geologic history of Seward County are
obscured by the depth to which rocks formed have been buried be-
neath the deposits laid down in more recent geologic time. Paleo-
zoic and younger rocks rest on the eroded surface of formations of
pre-Cambrian age. The configuration of that surface, as well as
the lithologic character of the rocks themselves, can be determined
only after the results of deep test drilling over the county are known.
From the logs of wells drilled in adjacent areas, it is thought that
predominantly marine formations, ranging in age from the Cam-
brian to the Pennsylvanian (with the possible exception of Silurian
and Devonian), lie over the pre-Cambrian floor and have an aggre-
gate thickness of more than 6,000 feet. A deep test drilled near the
southwest corner of Meade County in 1944 was drilled to the pre-
Cambrian granite. Specific data on this well are not available.

As mentioned above, the production of gas comes from reservoirs
in the Chase group of the Wolfcampian series which comprises part
of the Permian system. Assuming that the gas produced in this
county is from the same beds that supply gas to wells in Stevens
County (Ver Wiebe, 1941, p. 98), there is basis for believing that
a shallow extension of what is now the Gulf of Mexico covered
Seward County in early Permian time. Both marine and shore
facies are represented in the strata then laid down. Shortly after
the time of deposition of the Chase group, the shallow sea withdrew
toward the south and subsequent Permian deposition was of the
nonmarine type, including such lagoonal deposits as the salt and
gypsum beds of the Sumner and Nippewalla groups (Leonardian
series). It is thought that the Permian redbeds reached by the
Survey test holes belong to the Guadalupian series, also of non-
marine origin.

MESOZOIC ERA

Triassic and Jurassic periods.—With the cessation of Permian
deposition in this area, there ensued a long interval in which ero-
sion was preponderant over deposition. The occurrence of non-
marine beds of Triassic (?) and Jurassic age in Morton County
(McLaughlin, 1942, pp. 26-27) might justify the inference that
formations of comparable age and character had been deposited in
Seward County as well. 'If so, such deposits have since been re-
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34 Geological Survey of Kansas

moved completely by erosion or are so thin or discontinuous as to
have escaped recognition in the test holes thus far drilled in the
county.

Cretaceous period.—Deposits laid down during the early part of
the Cretaceous period underlie the northwestern corner of the
county and adjacent areas. In nearby areas where they are better
known they comprise two nonmarine sandstones (Cheyenne sand-
stone and Dakota formation) separated by a dark marine shale
(Kiowa shale). Of these, only the Dakota formation extends into
Seward County. In many parts of Kansas these rocks are overlain
by younger marine Cretaceous formations. Had these been de-
posited in this area, they subsequently must have been eroded com-
pletely inasmuch as the well logs studied give no indication of their
present existence beneath the surface of Seward County.

CENOZOIC ERA

Tertiary period.—No deposits laid down during the earlier epochs
of the Tertiary period, the Paleocene, Eocene, Oligocene, and Mio-
cene have been recognized in the county, either at the surface or in
the subsurface. During this long geologic time interval, therefore,
the processes of erosion seem to have had greater net effect than
the processes of deposition.

During early Pliocene time, the area once again became one of
deposition. In this interval the Laverne formation was deposited
primarily by streams but also in lakes of relatively limited extent.
Soon after deposition, the strata of the Laverne were involved in a
deformative movement of the rocks of the area that caused the
strata to be inclined locally as much as 15 degrees from the hori-
zontal. The exact nature of the deformation is conjectural because
the limited area of outcrop of the Laverne formation makes it diffi-
cult to determine the details of the structure produced or the source
of the force responsible. The structure was caused at least in part
by solution and collapse.

After the deposition of the Laverne formation there may have
been a period of erosion. In middle Pliocene time the silt, sand,
gravel, and caliche of the Ogallala formation were deposited over
much of western Kansas, but these beds were removed from some
areas of southwestern Kansas by a later period of erosion. The date
of this period of erosion is not known because the exact age of the
Rexroad (?) formation has not been determined. The nearest esti-
mate that can be made at present is that the erosion took place
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Seward County, Kansas 35

between the close of the middle Pliocene and the early part of the
Pleistocene. The erosion during this period may have removed
most of the Ogallala formation between Point of Rocks in Morton
County and Crooked Creek in Meade County.

In late Pliocene or early Pleistocene the deposits that comprlse
the Rexroad (?) formation were laid down over all of Seward
County and adjacent areas. These beds consist of sand and gravel
at the base and silt, sand, clay, and caliche in the upper part. These
beds are unconformably overlain by the lithologically similar de-
posits of the Meade formation and were deposited primarily by
streams flowing eastward from the Rocky Mountains.

Quaternary period.—Near the end of the Tertiary period or in
the early part of the Quaternary period (after the deposition of the
Rexroad (?) beds) there was folding and faulting in parts of south-
western Kansas. This period of erosion and deformation produced
the major faulting in the Meade Basin in Meade County (Frye and
Hibbard, 1941), and is represented by the unconformity between
the Meade and Rexroad formations. The period was followed by
the deposition of the stream-laid silt, sand, and gravel comprising
the Meade formation.

During late Pleistocene time, aggrading streams flowing at the
upland level spread fine sand and silt over their flood plains. These
sediments, which comprise a part of the Kingsdown silt, probably
were laid down over all of Seward County. Subsequent erosion re-
moved much of the water-laid part of the Kingsdown silt from the
southern part of the county. Deposits of loess were laid down over
part of Seward County in late Pleistocene or Recent time and com-
prise the uppermost part of the Kingsdown silt.

During late Pleistocene and Recent time the high terrace deposits
of Cimarron River were laid down, the valley was deepened nearly
to its present level, and the alluvium was deposited. More recently
(since 1914) the channel of Cimarron River has widened greatly
throughout its course in Seward County. The widening has de-
stroyed much bottom land and has caused accelerated erosion in
many of the small tributaries in this area.

Other events in Recent time included the deposition of dune sand
over large areas along Cimarron River, the deposition of colluvium
in Cimarron Valley, and the formation of sink holes in many places
in the upland areas.

As mentioned in describing the topography, there scem to have
been three generations of dunes formed primarily during Recent
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time, perhaps related to cyclical climatic changes. The three types
of dunes seem to be autochthonous in origin—that is, their distri-
bution and form are evidence that they were shaped from loose
sands in their present immediate vicinities. There is no indication
of the sand having been derived from the present valley of the
Cimarron. The “windows” between dune areas (as in secs. 4, 5, 6,
8,9, ete., T. 35S, R. 3¢ W.) seem to contradict the possibility that
the sand was moved by the wind from some more-or-less remote
external region.

A fourth type of sand dune, unrelated to the upland types, is
found in the Cimarron Valley and represents wind-concentrated
sand of alluvial origin. Such dunes are small and are much more
abundant in the northwestern half of the valley than they are in
the southeastern half. In one place (secs. 3, 4, 9, and 10, T. 31 8.,
R. 3¢ W.) there is evidence that some dunes that originated in the
valley have since migrated northeastward and upward onto the up-
land surface.

During much of Pliocene, Pleistocene, and Recent time, there was
major subsidence along Cimarron River in southeastern Seward
and southern Meade Counties. It is believed that the course of
Cimarron River from southeastern Seward County to the Ashland
Basin in Clark County has been determined largely by solution and
collapse. Much of the structure of the Laverne strata has been
caused by subsidence in the area of outcrops of that formation. The
overlying Rexroad (?) formation has also been strongly tilted in
several places in southwestern Meade County. In both Meade and
Seward Counties the Meade formation in several places dips toward
Cimarron River. In southwestern Meade County a large block
containing deposits of the Meade formation has dropped to stream
level which is nearly 200 feet below its original position. As indi-
cated by the above, the subsidence has been either continuous or
recurrent since the deposition of the Laverne formation.

GROUND WATER

PrincipLEs oF OCCURRENCE

This discussion of the principles governing the occurrence of
ground water takes account of conditions in Seward County. Prep-
aration of the discussion has been based chiefly on the authoritative
and detailed treatment of the occurrence of ground water by Mein-
zer (1923), to which the reader is referred for more extended con-
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sideration. A general discussion of the principles of ground-water
occurrence, with special reference to Kansas, has been published by
Moore (1940). -

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

The interstices or voids in rocks range in size from microscopic
openings to the huge caverns found in some limestones. The open
spaces generally are connected so that water may percolate from
one to another, but in some rocks these open spaces are isolated and
the water has little chance to percolate. In Seward County, the
rocks from which most of the ground water is obtained are poorly
consolidated sand and gravel. Generally the sand and gravel of the
Tertiary and Quaternary deposits contain many interstices through
which water percolates freely; locally these interstices may be filled
with calcium carbonate, clay, or other materials that make the
rock relatively impermeable. Much of the silt, sand, and gravel of
the Tertiary and Pleistocene deposits is poorly sorted and the finer
particles fill a part of the space between the larger particles,
thereby decreasing the amount of space available to ground water.
The sandstones of the Dakota formation are cemented with iron
oxide or calcium carbonate. The cement occupies a part of the
spaces between sand grains, but enough voids are left to contain
some water.

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

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

ARTESIAN CONDITIONS

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

In some rock formations, relatively permeable strata such as sand
and gravel alternate with relatively impermeable strata such as
clay or shale. If these beds have a slope, then water that falls on
the area of outcrop of a permeable bed moves down the dip of the
bed between the confining layers of relatively impermeable material
and saturates the permeable stratum. Wells drilled to the satu-
rated bed encounter water under artesian head. Artesian water has
been encountered in many wells in Seward County but nowhere in
this area has the artesian head been sufficient to cause them to flow.

THE WATER TABLE

The water table, defined above as the upper surface of the zone
of saturation, is not a static level surface, but rather it generally
is a sloping surface that may exhibit hills and valleys similar to
those of the land surface. Figure 6 demonstrates diagrammatically
some general relationships of the water table to the land surface
and to bodies of surface water. Other irregularities may be caused
by differences in permeability of water-bearing materials or by un-
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equal additions of water to the ground-water reservoir at different
places.

Water in the zone of aeration, once it has penetrated below the soil
zone, seeps vertically downward until it reaches the zone of satura-
tion, unless it encounters an inclined layer of relatively imperme-
able rock. Within the zone of saturation the direction in which
the water moves is determined by the hydraulic gradient, and gen-
erally is toward streams or lakes or areas of lower altitude. In
some places thg usual direction of percolation may be reversed, as
in the vicinity of a stream that is losing water to the materials over
which it is flowing or in the vicinity of an artificial lake in which
the water level has been raised above the local water table.

The rate at which ground water percolates is relatively slow as
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F1c. 6. Diagram showing the relation of the water table to the land surface and
to bodies of surface water.

compared with the velocity of water in surface streams. The fric-
tional resistance encountered by ground water as it percolates
through the interstices of the rocks is far greater than that created
by surface water as it flows over the land. Hydrostatic head and
permeability are the important factors determining ground-water
velocity.

SHAPE AND SLOPE

The shape and slope of the water table in Seward County are
gshown on the map (Pl. 1) by contour lines drawn on the water
table. All points on the water table on a given contour line have
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the same altitude. These water table contours show the configura-
tion of the water surface just as topographic contour lines show the
shape of the land surface. The direction of movement of the ground
water is at right angles to the contour lines in the direction of the
downward slope.

The map (Pl. 1) shows that the general movement of the ground
water in Seward County is east-southeastward, but that the slope
and the direction of movement of the ground water vary consider-
ably from one part of the county to the other. The maximum slope
is in the area of closely-spaced contours in the southwestern part
of the county and is nearly 40 feet to the mile, whereas the mini-
mum slope is in the northeastern corner of the county and is about
4 feet to the mile. The average slope along the north line of the
county i8 5.5 feet to the mile and the average slope along the south
line of the county is 16.7 feet to the mile,

The shape and slope of the water table, which determine the rate
and direction of movement of ground water, are controlled by sev-
eral factors. Irregularities in the shape and slope of the water table
in Seward County appear to be caused by: (1) the shape and
slope of the underlying bedrock floor; (2) discharge of ground wa-
ter into streams; (3) recharge of the ground-water reservoir by
ephemeral streams; and (4) local differences in the permeability
of the water-bearing materials. The effect of these factors on the
shape and slope of the water table will be discussed separately in
the following paragraphs.

The shape and slope of the bedrock floor (the Dakota formation
and the Permian redbeds) probably have little or no effect on the
configuration of the water table but probably are among the chief
factors affecting the general slope of the water table. The slope of
the water table in Seward County and in adjacent areas is approxi-
mately in the same direction and degree as that of the bedrock floor.

The discharge of ground water into streams is one of the princi-
pal factors affecting the shape and slope of the water table in
Seward County. Below the point where the 2,710-foot contour line
crosses Cimarron River (Pl. 1) the channel of the river has been
cut lower than the water table in areas adjacent to the river. The
ground water moves toward the river from adjacent areas and dis-
charges into the Cimarron Valley causing a depression of the water
table which is indicated by the upstream flexure of the water-table
contours. The relation of the water to the stream channel is shown
in Figure 6. The greatest upstream flexure of the contours is in
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the southeastern corner of the county. The flexure diminishes in
degree upstream as the difference between the levels of the stream
channel and the adjacent water table diminish.

The recharge of the ground water by an ephemeral stream has
caused a slight downstream flexure of the water-table contours in
the northwest corner of the county. The channel of the river in
this area is above the level of the water table, hence water moves
downward through the stream bed to create a ridge in the water
table.

Local differences in permeability of the water-bearing materials
probably is the principal factor causing the steep slope of the water
table in the western part of the county. This zone of closely spaced
contours extends northwestward through northeastern Stevens
County and southeastern Grant County. On both sides of this zone
the water table is relatively flat. In the zone of closely-spaced con-
tours the upper part of the zone of saturation probably is in rela-
tively impermeable silt and clay whereas on either side it probably
is in more permeable deposits of sand and gravel.

RELATION TO TOPOGRAPHY

Plate 2 shows the relation of the water table to the land surface
in Seward County by means of isobath lines which are lines of
equal depth to water level. All points on the 50-foot isobath, for
example, are points at which the water table lies 50 feet below the
land surface. In areas between the 50-foot and 100-foot isobaths
the depth to water is more than 50 feet but less than 100 feet. In
the preparation of this map an effort was made to take into account
the major irregularities of the land surface.

For purposes of detailed descriptions of the ground-water condi-
tions, Seward County may be divided into several areas based upon
the depths to water level: (1) Cimarron Valley area, (2) Liberal
area, (3) Kismet area, (4) Hayne area, (5) western area, (6)
northwestern area, (7) northeastern area, and (8) southwestern
area. A brief description of each area follows.

Cimarron Valley area—The Cimarron Valley area includes the
flood plain of Cimarron River and the gentle valley slopes adjacent
to the flood plain. The depth to water level is less than 50 feet
along the deeper part of the valley and ranges from 50 to 100 feet
along two narrow sloping belts that border the valley. The shal-
lowest well in the county (80), which has a depth to water level
of only 9.5 feet, is in this valley.
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Wells in this area obtain water from the alluvium of Cimarron
Valley, the Rexroad (?) and Laverne formations, and possibly also
from the sand and gravel of the Meade formation. All of the stock
ranches in the county are situated in this area. Most of the wells
that supply these ranches are on the flood plain and have water
levels within 50 feet of the surface.

In 1940 there was one irrigation well which obtained water from
the alluvium in this area. The alluvium is capable of supplying
abundant quantities of water for irrigation. The height the water
must be lifted to the surface is slight, the topography in some places
is suited to irrigation, and the soil in many places is not too sandy.
It would seem that a well-water irrigation project would have a
better chance for success in this area than in any other part of
Seward County.

Liberal area.—The Liberal area includes approximately 25 square
miles of land immediately to the west of Liberal in which the depth
to water level ranges from about 75 feet to 100 feet. The ground
water probably is obtained from the lower part of the Meade forma-
tion and perhaps in part from the Rexroad (?) formation.

The Liberal deep-well irrigation project, discussed later in some
detail, was undertaken just outside this area and was not deemed
entirely successful, owing mainly to the large drawdown of the
water level in the well during pumping. This increased the height
it was necessary to lift the water to the surface and added mate-
rially to the cost of operation. It is possible that similar difficulty
would be encountered in other parts of this area.

Kismet area—The Kismet arca includes the City of Kismet. in
which the depth to water level is more than 200 feet. A maximum
depth to water level of 212 feet was encountered in well 65 in this
area. The water is obtained from the Rexroad (?) or Laverne for-
mation. The area roughly coincides with a belt of fairly high sand
dunes.

Hayne arca—The Hayne area, in which the water level is more
than 200 feet below land surface, is the most extensive of the four
decp-water areas in the county and, as is true of the others, it coin-
cides with an area of fairly high sand dunes. Its extent is about 43
square miles. The deepest water level found in the county, 249
feet (well 118), is in this area. The water probably is obtained
from the Laverne or Rexroad (?) formation,
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Western area—The western area includes only about 5 square
miles along the western border of Seward County (secs. 17, 18, and
20, T. 32 S., R. 34 W. and parts of the adjacent sections), in which
the depth to water level is more than 200 feet. In well 58 in this
area the water table is 215 feet below land surface. The Rexroad
(?) formation probably supplies water to most of the wells in this
area.

Northern area—The northern area comprises slightly more than
3 square miles in the northwestern part of the county in which the
depth to water level is more than 200 feet. It extends northward
into Haskell County. The water in this area is obtained primarily
from the sand and gravel of the Rexroad (?) formation.

Northeastern area.—The northeastern area comprises nearly half
the county and almost all of the county north of Cimarron River.
In this area, the depth to water level ranges from 100 to 200 feet.
From the upper edge of Cimarron Valley the area extends northward
into Haskell County and eastward into Meade County. Enclosed
within it are the Kismet and the northern deepwater areas. Most
of the wells in this area obtain their supplies of water from the
Rexroad (?) formation and a few wells probably obtain water from
the Meade formation.

Southwestern area.—The southwestern area includes all of the
area south of Cimarron Valley in which the depth to water level
ranges from 100 to 200 feet. The water in this area probably is
obtained primarily from the Rexroad (?) formation. The Hayne,
western, and Liberal areas lie within this more extensive area.

FLUCTUATIONS IN WATER LEVEL

The water table in any area does not remain stationary but fluc-
tuates up and down much like the water in a surface reservoir. 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 rate and magnitude of fluctuation of
the water table depend upon the net rate at which the underground
reservoir is replenished or depleted.

The principal factors controlling the rise of the water table in
Seward County are the amount of precipitation that passes through
the soil and moves downward to the water table, the amount of
water added to the ground-water reservoir by seepage from Cimar-
ron River, and the amount of water entering the area by subsurface
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inflow from areas to the west and north. The principal factors
controlling the decline of the water table in this area are the amount
of water discharged by effluent seepage into Cimarron River, the
amount of water lost through transpiration and evaporation where
the water table is shallow, the discharge of water through springs,
the amount of water pumped from wells, and the amount of water
leaving the area by subsurface flow into the areas to the east and
south.

Fluctuations of the water table are reflected directly in changes
in the water levels in wells. In order to record such changes on a
monthly basis, 11 representative wells in Seward County were se-
lected as observation wells. The water levels in these wells were
measured in July and August, 1940, during the compilation of the
well inventory, were measured by Byrne later in August, 1940, and
were measured at monthly intervals thereafter by Richard C.
Christy, Woodrow W. Wilson, Allen Graffham, and Howard Palmer.
These measurements were tabulated by Meinzer and Wenzel (1943,
pp. 146-148; 1944, pp. 167-168; 1945, pp. 150-151).

TasLE 8 —Observation wells in Seward County

Well number Well number in Well number Well number in
in this Water-Supply Paper in this Water-Supply Paper
report 938, 946, and 988 report 938, 946, and 988

3 155 85 60
17 165 104 66
23 108 112 52
53 15 128 8
56 106 158 159
64 122

GROUND-WATER RECHARGE

Recharge is the addition of water to the underground reservoir
and may be accomplished in several ways. All ground water
within a practical drilling depth beneath Seward County is derived
from water that falls as rain or snow either within the area or
within nearby areas to the west and north. Once the water be-
comes a part of the ground-water body it moves down the slope
of the water table, later to be discharged farther downstream.

The underground reservoir beneath Seward County is recharged
primarily by local precipitation. Other factors affecting recharge
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in this area are seepage from streams and depressions and sub-
surface inflow from areas to the west and north.

RECHARGE FROM PRECIPITATION

The average annual precipitation in Seward County is about 19
inches, but only a part of this water reaches the zone of saturation
owing to evaporation, transpiration, and surface runoff. The
amount of water added .to or discharged from the ground-water res-
ervoir is reflected in the fluctuations of the water levels in wells.
Periodic measurements of water levels in wells 23, 53, 56, 64, and
158 have been made since August 1940. The fluctuations of the
water levels in these wells are shown in Figure 7. Well 53 is a
shallow well in Cimarron Valley whereas the other wells are on the
upland and have depths to water level ranging from about 96 feet
to more than 209 feet. The water levels in all of the observation
wells in Seward County were higher at the end of 1944 than they
were at the beginning of record. The water level in most wells rose
during 1941, 1942, and 1944 which were years of above-normal pre-
cipitation, whereas the water level in most wells declined during
1943, a year of below-normal precipitation.

The fact that the water level in some deep wells fluctuates only
slightly does not necessarily mean that there is no recharge, for the
water level will rise only when the rate of recharge exceeds the rate
of ground-water discharge. The recharge in such*areas probably is
more or less continuous and is about equal to the natural discharge.
Although the annual net rise in water levels in the four deep wells
is small, the cumulative rise may be relatively large. The average
cumulative rise of water levels in these wells ranged from 0.48 foot
in 1943 to 2.00 feet in 1944.

From the beginning of 1941 to the end of 1944 the water levels in
three upland wells (56, 64, and 158) rose an average of 0.22 foot a
year. If the specific yield of the upper part of the zone of satura-
tion in this area were known, the amount of the annual gain in
storage of ground water could be estimated. If it were assumed
that the specific yield is 15 percent, then the annual gain in storage
would amount to about 0.4 inch and the gain in storage for the four
years (1941-1944) would amount to about 1.6 inches. A gain in
ground-water storage of 1.6 inches would amount to about 83 acre-
feet (27,000,000 gallons) per square mile.
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Seward County, Kansas 47

RECHARGE FROM SEEPAGE

Some water is contributed to the ground water reservoir by seep-
age from streams and depressions. Cimarron River is a losing
stream in the northwestern part of Seward County. In this part of
the course of the Cimarron some of the flood water moves down-
ward to the zone of saturation. This has caused a mound on the
water table near the northwest corner of the county (Pl 1).

Well 23 is located about 0.5 mile from the flood plain of Cimarron
River. During a flood in 1941 the flood water extended from bluff
to bluff. It is believed that seepage during this and subsequent
floods produced much of the rise shown for well 23 in Figure 7.

RECHARGE BY SUBSURFACE INFLOW

Ground water moves into Seward County by subsurface inflow
from Stevens County on the west and Haskell County on the north.
The water moves across the county in a general southeasterly direc-
tion into Meade County, Kansas, and Texas and Beaver Counties,
Oklahoma.

Di1sCHARGE OF SUBSURFACE WATER

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

DISCHARGE BY TRANSPIRATION AND EVAPORATION

Water may be taken into the roots of plants directly from the
zone of saturation or from the capillary fringe, and discharged from
the plants by the process known as transpiration. In most of Seward
County the depth to the water table is so great that there is no
transpiration or evaporation from the zone of saturation or from
the capillary fringe. In Cimarron Valley, however, the water table
is shallow and much ground water is discharged by these processes.

DISCHARGE BY SPRINGS AND SEEPS

A relatively small amount of ground water is discharged by springs
in Seward County. The only spring noted in the county was in the
81 sec. 6, T. 33 S., R. 32 W. Residents reported that there were
formerly several springs in that vicinity. The water from the spring
is ponded in a small tributary to Cimarron River by a small dam.
The water seemingly does not flow from the principal zone of satura-
tion but from a perched body of water overlying a relatively im-
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permeable mortar bed. A similar spring was observed in Wolf
Canyon in Meade County a few yards east of the E. line sec. 12,
T. 35 S., R. 31 W. The water there also is flowing from a perched
body of water.

The seepage of water into Cimarron River is one of the principal
processes of discharge of ground water in Seward County. In most
of Seward County the channel of Cimarron River is lower than the
level of the water table in the adjacent upland areas; hence the
ground-water moves toward the river and discharges into the stream
channel. Toward the southeast the rate of discharge increases be-
cause the difference between the altitude of the stream channel and
the altitude of the water table in adjacent areas increases.

DISCHARGE BY SUBSURFACE FLOW

Much ground water is discharged from this area by subsurface
flow into adjacent areas toward the east and south. This is indi-
cated by the slope of the water table (Pl. 1), which indicates that
the water moves into Meade County and into Texas and Beaver
Counties, Oklahoma.

DISCHARGE BY WELLS

Another method of discharge of water from the ground-water
reservoir is the discharge of water from wells. All domestic, in-
dustrial, railroad, and municipal supplies of water and much of the
livestock supply of water in Seward County are derived from wells.
The amount of water discharged from wells for these purposes, how-
ever, is relatively small. The recovery of ground water from wells
is discussed in the next section.

RECOVERY

PRINCIPLES OF RECOVERY

The discharge from a well is produced by a pump or some other
lifting device or by artesian head (for a more detailed discussion
of the principles of recovery see Meinzer, 1923a, pp. 60-68). When
water is being discharged from a well there is a resulting drawdown
or lowering of the water level, or, in a flowing artesian well, an
equivalent reduction in artesian head. The water table is lowered in
an area around the well to form a depression resembling an inverted
cone. This depression of the water table is known as the cone of
depression, and the distance that the water level is lowered at the
well is called the drawdown. In any well, the greater the rate of
pumping, the greater will be the drawdown.
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When water is withdrawn from a well, the water level declines
rapidly at first and then more slowly until it finally becomes nearly
stationary. Conversely, when the withdrawal ceases, the water level
rises rapidly at first and then more slowly until it eventually re-
sumes its original position (Fig. 8). -
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F1a. 8. Graph showing the recovery of water level in well 53.
(Measurements by Woodrow W. Wilson.)

CONSTRUCTION OF WELLS

All but one of the wells listed in Table 10 are drilled wells. Well
22 consists of a battery of two dug wells used to supply water for
irrigation. One driven well was observed during the course of the
investigation but it could not be measured.

Drilled wells are excavated by means of a percussion or rotary
drill. They generally are 4 to 6 inches in diameter although the
railroad, industrial, and municipal wells may be much larger. The
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domestic and stock wells generally are cased with galvanized-iron
casing but a few are cased with wrought-iron casing. Most of the
large-diameter wells are cased with wrought iron.

Almost all wells in Seward County obtain water from unconsol-
idated deposits, principally the Rexroad (?) and Meade formations.
Wells in these deposits generally are cased to tlie bottom of the hole
to prevent caving. In most of the domestic and stock wells the
water enters only through the open end of the casing but in the
larger wells the casing generally is perforated below the water table
to provide greater intake facilitics.. The size of the perforations
is an important factor in the construction of a well and the capacity
or even the life of the well may be determined by it. If the per-
forations are too large fine material may filter through and fill in
the well; if the perforations are too small they may become clogged
so that water is prevented from entering the well freely.

Some wells in unconsolidated sediments are equipped with well
screens or strainers. It is common practice to select a slot size that
will pass 30 to 60 percent of the water-bearing material, depending
upon the texture and degree of assortment. Retention of the coarser
particles around the screen forms a natural gravel packing that
greatly increases the effective diameter of the well, thereby increas-
ing its capacity.

Gravel-wall wells generally are effective for obtaining large sup-
plies of water from relatively fine-grained unconsolidated deposits
and are widely used for irrigation in the upland areas of western
Kansas. In constructing a well of this type, a hole of large diameter,
30 to 60 inches, is drilled and is temporarily cased with unperforated
pipe. A well screen or perforated casing of smaller diameter than
the hole is then lowered into place and centered in the larger pipe
opposite the water-bearing beds. Unperforated casing extends from
the screen to the surface. The annular space between the inner and
outer casings is then filled with sorted gravel. The outer casing is
then withdrawn part way to uncover the screen and allow the gravel
packing to come in contact with the water-bearing®material.

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

First, the well should be put down through all valuable water-bearing
material. Secondly, the easing should be properly perforated so as to admit
water to the well as rapidly as the surrounding gravel will vield the water.
Third, the well should be completely developed so that the water will flow
freely into the well . . . Increasing the depth of a well will have a greater

effect on reducing the draw-down than will increasing the diameter, so long
as additional water-bearing formations are encountered.
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A report (Davison, 1939) containing descriptions of different
types of pumping plants, the conditions for which each is best
suited, construction methods, and a discussion of cost of construc-
tion is available from the Division of Water Resources, Kansas
State Board of Agriculture, Topeka, Kansas, and the reader is re-
ferred to this publication for a more detailed discussion of con-
struction of wells.

BLOWING WELLS

Several wells in Seward County, such as no. 77, are reported to
be blowing wells—that is, air blows into or out of the well at ir-
regular intervals causing a whistling or sighing noisc. The phe-
nomenon is not an uncommon one and its explanation by Lugn and
Wenzel (1938, p. 64) is satisfactory. They indicate that the phe-
nomenon is related to changes in atmospheric pressure and occurs
in those wells in which there is an unsaturated layer of relatively
permeable material above the water table but beneath some rela-
tively impermeable bed. During an interval of high atmospheric
pressure the air above the water table is compressed causing the
air to escape through the well casing. The air is sucked into the
well when the atmospheric pressure declines rapidly.

METHODS OF LIFT AND TYPES OF PUMPS

The stock- and domestic-supply wells in Seward County almost
without exception employ lift or force pumps to raise the water to
the surface. Both types of pumps have cylinders or working bar-
rels attached to the lower end of the drop pipe and placed in the
well about at the level of the water table. A wooden or metal jet
rod connects the plunger of the working barrel with the source of
power, usually a windmill but sometimes a hand jack. Unlike a
force pump, a lift pump cannot raise the water above the pump
head.

The drop pipe, which generally is about 2 inches in diameter, is
commonly supported by wooden or metal elamps of various de-
signs that are supported in turn by the top of the casing or by some
gpecially constructed device such as blocks of wood, brick, or con-
crete. Most of the wells in the county are cquipped with sheet-
metal covers placed betwceen the clamp and the top of the casing
to prevent small objects from falling into the well.

The wells supplying water to the railroad, to municipalities, to
industries, or for irrigation are generally equipped with turbine or
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centrifugal pumps. These may be operated by electric motors, by
steam engines, or by internal-combustion engines utilizing oil, nat-
ural gas, or gasoline for fuel. Turbine pumps are installed when
the depth to water level, including drawdown, exceeds the effective
suction limit of the centrifugal pump. The report by Davison (1939,
pp. 23-44) contains descriptions of different -types of pumping
plants, the conditions for which each is best suited, construetion
methods, and a discussion of cost of construction.

UTIL1zATION OF WATER

The records of the wells in Seward County that were measured
during July and August, 1940 are given in Table 10. The water
obtained from these wells, almost all of which are drilled, is used
for domestic, stock, municipal, railroad, industrial, and irrigation
supplies.

DOMESTIC AND STOCK SUPPLIES

Water for domestic and stock uses comes from wells ranging in
depth from about 13 feet to 257 feet. The shallowest depth to
water level found in Seward County, 9 feet, was that of well 80
which is not in use. The deepest water level, 249 feet, was in well
118. Almost all domestic and stock wells are cased with either
4-inch wrought-iron casing or 5-inch galvanized-iron casing. Many
of the wells have spigots for drawing water from the pipe directly
at the well head and most of them are equipped with drains which
may be opened to drain water from the pipe above the winter freez-
ing line. The water is moderately hard but is suitable for most
domestie and stock uses.

MUNICIPAL SUPPLIES

Both Liberal and Kismet, the two organized communities in the
county, have public-supply svstems utilizing water from munici-
pally owned wells.

The water supply for Liberal is obtained from five wells drilled
in the city park in the northern part of the city. City well 1 was
drilled with a hydraulic-rotary drilling machine and was completed
in 1931 at a reported depth of 418 feet. The well is cased with 18-
inch steel caxing and is equipped with a turbine pump powered by
a H0-horscpower electriec motor. The reported water level was 120
feet in 1940. The well is reported to vield 420 gallons a minute
with a drawdown of 83 fect.
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City well no. 2 was drilled in 1931 to a depth of 506 feet and was
cased to a depth of 185 feet with 18-inch steel casing and from
185 feet to 506 feet with 12-inch steel casing. The well is equipped
with a turbine pump powered by a 135-horsepower 6-cylinder
natural-gas engine. The well formerly yielded 750 gallons a minute
with a drawdown of 126 feet after 24 hours of pumping. In 1944
the well yielded 435 gallons a minute with a drawdown of 115 feet
after 4 hours of pumping.

City well no. 3 was drilled in 1919 to a depth of 345 feet and was
cased with 18-inch steel casing in the upper part and 15-inch steel
casing in the lower part. The casing is finished with a perforated
screen. The 14-stage turbine pump has a rated capacity of 250
gallons a minute and is operated by a 50-horsepower electric motor.
The well is reported to yield 250 gallons a minute with a drawdown
of 14 feet after one hour of pumping.

City well no. 4 was drilled to a depth of 565 feet and was cased
with 12-inch steel casing. The well is equipped with a turbine
pump powered by a Diesel engine. The well is reported to yield
320 gallons a minute. The static water level is 117 feet below land
surface.

City well no. 5 was drilled in 1943 to a depth of 533 feet. The
static water level was 121 feet below land surface when the well
was completed in December 1943 but had declined to 155 feet be-
low land surface by August 1944. The well is equipped with a
turbine pump powered by an electric motor. The well is reported
to yield 220 gallons a minute and to have a drawdown in excess of
195 feet after 10 hours of pumping.

Water is stored in two reservoirs having a combined capacity of
750,000 gallons, and is pumped from the reservoirs into the mains
by one turbine pump and three centrifugal pumps having a com-
bined capacity of 3,650 gallons a minute. Pressure is maintained
by an elevated storage tank having a capacity of 85,000 gallons.
In addition to the municipally owned reservoirs, the nearby Army
air base has a 250,000-gallon reservoir in which water purchased
from the city of Liberal is stored. V

The average daily consumption of water, which was about 500,-
000 gallons in 1940, had increased to approximately 2,000,000 gal-
lons in 1944.

The residents of Kismet purchased water from the Chicago, Rock
Island, and Pacific Railway Company until about 1935 when a
municipal water-supply system was installed. The city-owned well
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was drilled to an estimated depth of 250 feet. The casing is open
at the bottom only, is 6 inches in diameter, and is made of galvan-
ized iron. Gravel is reported to be the chief aquifer. The pump,
which also lifts the water to the storage tank, is a 250-gallon-a-
minute vertical centrifugal pump powered by a Tl4-horsepower
electric motor. The reservoir is a 37,500-gallon tank elevated 80
feet above the land surface. The water is distributed by gravity.
The consumption is estimated by Zed Coffey, the city marshal, to
average 100,000 gallons a month in winter and 500,000 gallons a
month in summer. The total cost of the system, including the well,
is placed at $4,000. A chemical analysis of the water is listed in
Table 9.
RAILROAD SUPPLIES

The Chicago, Rock Island, and Pacific Railway Company main-
tains water-supply wells at Kismet and at Liberal. Similar wells
were maintained at Arkalon until that community was cut off from
the railroad by the construction of a cut-and-fill designed to reduce
grade and to eliminate curves in crossing Cimarron Valley.

The City of Kismet was formerly supplied with water obtained
from the railroad’s well, as previously mentioned. The well is re-
ported to be 245 feet deep and is cased with 12-inch wrough-iron
casing. The aquifer is a coarse sand. The surface pump, a plunger
type with a capacity of 85 gallons a minute, is operated by a 60-
horsepower stcam engine and also lifts the water to the 38,000-
gallon elevated storage tank.

The same railroad has three locomotive-supply wells (railroad
nos. 5, 7, and 8) and one stockyard well in its Liberal yards. No.
5, the one farthest west, is reported to be about 169 feet deep and
to yield 150 gallons a minute with a drawdown of 7.5 feet. The well
is equipped with a turbine pump. Railroad well no. 7, intermediate
in position betwecen the other two, is reported to be 200 feet deep,
to have a capacity of 60 gallons a minute, and to be equipped with
a single-action pump jack opemtod by a 15-horsepower internal-
combustion engine.

Railroad well no. 8, the easternmost locomotive-supply well, was
drilled in 1923 and is reported to be 300 feet deep. It is cased with
12-inch steel caxing to a depth of 268 feet. The bottom of the casing
is finished with a 60-foot strainer. The aquifer is a coarse sand ex-
tending from 270 to 300 feet below land surface. The double-action
plunger pump has a capacity of 116 gallons a minute and is operated
by a 15-horsepower oil engine. The stockyards well s reported to
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be 183 feet deep. The water from the wells is lifted to elevated
tanks by the surface pumps.

INDUSTRIAL SUPPLIES

Two natural-gas pipeline compressor stations have been con-
structed in Seward County and both rely upon supplies of well
water. The station of the Northern Natural Gas Company was in
process of construction during the period of this investigation. The
following information was supplied by Frank Rabb, the company’s
resident construction engineer. Two wells were drilled in June 1940,
the west one to a depth of 266 feet and the east one to a depth of
264 feet. The logs of the two wells are essentially alike and only
one of them is included in the section on well logs. The wells were
cased with 10-inch steel casing to a depth of 251 feet, the bottom 30
feet having been perforated with 216 1 by 6 inch holes and pro-
tected by 12-inch copper gravel guard. The wells were gravel-
packed to the top, the gravel particles ranging from 3}-inch to 1%
inches in diameter. The static water level was 184 feet below land
surface. Two electrically driven turbine pumps having capacities
of 50 gallons a minute each were to be installed. Pumping tests
indicated a yield of 100 gallons a minute with a drawdown of 6 feet
after 10 hours of pumping. The water is stored in an elevated steel
tank,

The Panhandle Eastern Pipeline Company has constructed a com-
pressor station in the Cimarron Valley near Arkalon. The station
is supplied with water obtained from five wells, four of which were
drilled in 1930 and 1931 and the fifth in 1937. Information rclative
to the most recently drilled well was given by H. H. Duff of the
company’s resident staff. This well was drilled to a depth of 147
feet. The aquifer is a clean water sand encountered between the
depths of 93 and 145 fect. The bottom 104 feet of the 13-inch casing
was perforated with 72 holes to the foot. The lower 131 feet of the
hole was walled with 1/- to 1-inch gravel, the top 16 feet having been
walled with clay. The well is equipped with a vertical centrifugal
pump having a rated capacity of 200 gallons a minute and operated
by a 10-horsepower electric motor. The water is stored in a 75,000-
gallon elevated metal storage tank (standing about 40 feet above the
land surface). Booster pumps also are employed in lifting the water
to the storage tank. No information on the older wells was available
at the local office.
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POSSIBILITIES OF FURTHER DEVELOPMENT OF INDUSTRIAL
SUPPLIES FROM WELLS

Abundant supplies of natural gas and ground water are available -
in Seward County for the development of industries. Seward
County is underlain by thick deposits of water-bearing material
that would yield moderate to large quantities of water to wells
(Pl. 3). Industrial wells could be developed in almost any part of
the area provided preliminary test drilling indicated an adequate
thickness of coarse-grained water-bearing material. The area in
which industrial supplies could be developed is much larger than
the area in which irrigation supplies could be developed because in-
dustry would not be as limited by the type of soil and by the pump-
ing lift.

IRRIGATION SUPPLIES

The deficiency of precipitation during the past decade (1931-1940)
has occasioned a considerable interest among the residents of the
county in the possibilities of irrigation with water from wells. Two
irrigation projects have been attempted to date, the earlier one
now abandoned and the later one still in the proving phase of its
operation (Pl. 6). The wells (128 and 22) are listed and described
in Table 10, but in view of the general interest, more complete
accounts are given below.

Liberal Deep-Well Irrigation Company project.—The Liberal
Deep-Well Irrigation Company project (Lee Larrabee, who sup-
plied most of the following information, President, and Willard May-
berry, Secretary-Treasurer) was the result of an effort to demon-
strate the feasibility of small-scale irrigation with water obtained
from deep wells. The supply well (128) was drilled in 1937 on the
C. M. Light farm a short distance north of Liberal. The well was
reported to be 350 feet deep and the chief aquifer was a coarse sand
from 175 to 225 feet below the land surface. A 15-inch steel casing
was Installed and was enclosed within a gravel envelope 12 inches
thick. A 200-foot section of the casing was perforated with shutter-
‘type apertures. The well was equipped with a 7-stage turbine pump
having a capacity of 1,000 gallons a minute and operated by a 96-
horsepower natural gas engine. The well was reported to yield 256
gallons & minute with a drawdown of 126 feet. Schoff (1939, p. 124)
cites the following expenses in its construction: cost of well, in-
cluding casing and gravel envelope, £3.000; cost, of pump, $2,100;
cost of engine, $1,200; and total cost, 6,300,
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The equipment was installed too late in the summer of 1937 for a
crop to be irrigated. In 1938, 60 acres of land was sceded to di-
versified garden truck. The crop that was grown was satisfactory
but market prices were below normal and the income from the sale
of the produce was less than the expenses of operation. No effort
was made to produce a crop in 1939 and in 1940 the project was
abandoned. .

Harlow irrigation project—This project (well no. 22) was under-
taken by R. Y. Harlow in the late spring of 1940 on the Harlow farm
in see. 5, T. 31 S, R. 3¢ W. The farm lies part way up the valley
slope on the east side of Cimarron River at the north boundary of
the county. The project was completed on July 25, 1940, all the
necessary work having been done by Mr. Harlow and his son.

Using a team and a slip, the Harlows excavated a rectangular pit
(PL. 6) to a depth of about 34 feet. Two wells were then dug into
the floor of the pit by means of a sand bucket, the east well to a depth
of 13.6 feet through sand and fine gravel and the west well to a
depth of 15.7 feet through the same material. The lavers of sand.
gravel, and silt that were penetrated arc thin-bedded and some of the
seams of gravel and sand are strongly cross-bedded (Pl. 6B).
Occasional cobbles of hard rock and boulders of soft clay are visible
in the walls of the pit. The sediments are not indurated although
there are thin zones of caliche.

Open-end oil barrels were then installed as easings, these being
irregularly perforated by means of hammer and chisel. Two 6-inch
supply lines are connected to a vertical centrifugal pump having «
capacity of 1,000 gallons a minute. The pump is driven by a 4-
evlinder gasoline engine connceted with the pump by a belt drive.
An inclined 10-inch discharge pipe carries the water from the pump
to the earthen reservoir at the surface. The rate of discharge is
estimated by Mr. Harlow to be 450 gallons a minute and is limited
by the drawdown in the shallower cast well,

The project supplies water for the irrigation of about 15 acres of
sandy silt soil planted to eane and garden truck. The water moves
from the reservoir to the fields in open ditehes, No evaluation of
the success of this project could be made at the time of this investi-
gation. An ecarlier irrigation effort was made about 25 years ago
by Mr. Harlow, the water thien having been supplied by two wind-
mill wells. The earlier experiment is reported to have produced
good erops.
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POSSIBILITIES OF FURTHER DEVELOPMENT OF
IRRIGATION SUPPLIES FROM WELLS

The water table in most of Seward County lies too far below the
land surface for water to be pumped economically for irrigation.
The only place where the water table is near the land surface is in
Cimarron Valley where most of the level bottom land has been re-
moved by the widening channel of Cimarron River.

The only place on the upland areas of Seward County where the
water table is less than 100 feet below land surface is an area of
about 28 square miles between Liberal and the Stevens County line
(Pl. 2). A large part of this area, however, is underlain by dune
sand and is not suitable for irrigation. It was in this area that the
first gas well in the Hugoton field was drilled; hence there is an
abundant supply of low-cost fuel available for use in pumping
water for irrigation where the depth to water is not excessive and
where the soil and slope are suitable. Inasmuch as only small areas
are suitable for irrigation the quantity of water available should be
adequate to supply all the wells that may be drilled.

QUALITY OF WATER

The chemical character of the ground water utilized in Seward
County is shown by the 20 analyses of water listed in Table 9. All
samples, except those of wells 63 and 130, were collected by Frank
E. Byrne during August 1940. The other two samples were col-
lected from public-supply wells at Kismet and Liberal by the Kan-
sas State Board of Health earlier in the same year. The analyses
were made by Robert H. Hess, then chemist in the Water and Sew-
age Laboratory of the Kansas State Board of Health. The analyses,
in general, do not indicate the sanitary condition of the waters as
they show only the dissolved mineral contents. The constituents
listed 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 In relation to use was adapted from publications of the U. S.
Geological Survey.

Dissolved solids.—When water is evaporated the residue consists
mainly of the mineral constituents listed in Table 9 and generally
includes a small quantity of organic material and a little water of
crystallization. Waters containing less than 500 parts per million
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62 Geological Survey of Kansas

of dissolved solids gencrally are entirely satisfactory for domestic
use, except for difficulties resulting from their hardness or occasional
excessive content of iron. Waters containing more than 1,000 parts
per million are likely to include enough of certain constituents to
produce a noticeable taste or to make the water unsuitable in some
other respects.

The dissolved solids did not exceed 500 parts per million in any
of the samples of water that were collected in Seward County.
Consequently, all waters that were sampled can be considered suit-
able for most ordinary uses. Three of the samples of water (from
wells 53, 102, and 146) contained between 400 and 500 parts per
million of dissolved solids, 11 of the samples contained between 300
and 400 parts per million, and the 6 samples contained between 200
and 300 parts per million.

Hardness.—The hardness of water, which is the property that re-
ceives the most attention as a general rule, is most commonly rec-
ognized by its effects when soap is used with the water in washing.
Caleium and magnesium cause almost all the hardness of ordinary
water. These constituents arc also the active agents in the forma-
tion of the greater part of all the scale formed in steam boilers and
in other vessels in which water is heated or evaporated.

In addition to the total Lhardness, the table of analyses shows the
‘arbonate hardness and the nonearbonate hardness. The carbonate
hardness is that due to the presence of caleium and magnesium bi-
carbonates and can be almost entirely 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; it cannot be removed by boiling and
has sometimes been called permanent hardness. With reference to
use with soaps, there 1= no difference between the carbonate and
noncarbonate hardness.  In general, the nonearbonate hardness
forms harder scale in steam boilers,

Water having a hardness of less than 50 parts per milhon gen-
erally 1= rated as soft, and its treatmment for the removal of hardness
under ordinary circumstances is not necessary. Hardness between
50 and 150 parts per million does not seriously interfere with the
use of water for most purposes; however, it does slightly increase
the consumption of soap, and its removal by a softening process is
profitable for laundries or other industries using lurge quantities of
soap.  Waters in the upper part of this range of hardness will cause
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Seward County, Kansas 63

considerable scale on steam boilers. Hardness above 150 parts per
million can be noticed by anyone, and if the hardness is 200 or 300
parts per million it is common practice in some areas 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 60 or 80 parts per mil-
lion. The additional improvement from further softening of a
whole public supply is not deemed worth the increase in cost.

The range in hardness in the water samples from Seward County
was from 258 to 480 parts per million. The supplies for Kismet
(389 parts per million) and Liberal (338 parts per million) are not
softened before being discharged into the mains but may be sof-
tened in the home or in industry before consumption. All waters
used in the locomotives of the Chicago, Rock Island, and Pacific
Railway Company are treated before use.

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
contains much more than 0.1 part per million of iron, the excess
may be present in sufficient quantity to give a disagreeable taste
and to stain cooking utensils. Iron may be removed from most
waters by simple aeration and filtration but a few waters require
the addition of lime or some other substance.

Two of the water samples collected from wells in Seward County
contained no iron (22 and 100). Five wells (23, 53, 102, 130, and
156) yielded water containing less than 0.1 part per million of iron
and nine samples (8, 24, 31, 63, 69, 78, 96, 113, and 118) contained
more than 0.1 part per million but less than 1.0 part per million.
Samples taken from wells 105, 113, 141, and 146 contained 1.0 part
per million or more of iron. The iron content of the water from
well 141 was the highest of all those sampled, 1.9 parts per million.

Fluoride—Although determinable quantities of fluoride are not
so common as fairly large quantities of the other constituents of
natural water, it is desirable to know the amount of fluoride present
in water that is likely to be used by children. Fluoride in water
has been shown to be associated with the dental defeet known ax
mottled enamel, which may appear on the tecth of children who,
during the period of formation of the permanent teeth, drink water
containing fluoride. It has been stated that waters containing one
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64 Geological Survey of Kansas

part per million or more of fluoride are likely to produce mottled
enamel, although the effect of one part per million is not usually
very serious (Dean, 1936). If the water contains as much as four
parts per million of fluoride, 90 percent of the children drinking the
water are likely to have mottled enamel, and 35 percent or more
of the cases will be classified as moderate or worse. Small quanti-
‘ties of fluoride, not sufficient to cause mottled enamel, are likely
to be beneficial by decreasing dental caries (Dean, Arnold, and El-
vove, 1942). )

Only two of the water samples collected in Seward County con-
tained fluoride in excess of one part per million. Well 53 contained
1.2 parts per million of fluoride and 156 contained 3.0 parts per
million.

Water for irrigation.—The suitability of water for use in irriga-
tion is commonly believed 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, calcium, and magnesium. The quantity
of chloride may be large enough to affect the use of the water and
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 per-
cent sodium (the percentage being calculated as 100 times the ratio
of the sodium to the total bases, in equivalents) is not likely to be
injurious, but if it contains more than 60 percent its use is inadvis-
able. Similarly, a chloride content less than 142 parts per million
is not objectionable, but more than 355 parts per million is un-
desirable. It is recognized that the harmfulness of irrigation water
is so dependent on the nature of the land and the crops, on the man-
ner of use, and on the drainage that no definite limits can be
adopted.

The mineral content of the samples of water collected in Seward
County did not exceed any of the limits of suitability for irrigation
as determined by Scoficld; hence, ground water from any part of
Seward County probably would be suitable for irrigation.
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Seward County, Kansas 65

SANITARY CONSIDERATIONS

The analyses of water given in Table 9 show only the amounts
of dissolved mineral matter in the water and do not indicate the
sanitary quality of the water. An abnormal amount of certain
mineral matter, such as nitrate, however, may indicate pollution of
the water.

About one-third of the prewar population of Seward County was
dependent upon private water supplies from wells and every pre-
caution should be taken to protect these supplies from pollution.
A well should not be located where there are possible sources of
pollution, such as barnyards, privies, and cesspools, and every well
should be tightly sealed down to a level somewhat helow that of
the water table. As a general rule, dug wells are more subject to
contamination from surface water than are drilled wells, chiefly be-
cause they generally are not effectively cased or sealed at the sur-
face. Drilled wells generally are well protected by the casing, al-
though many are poorly sealed at the top.

QUALITY OF WATER IN RELATION TO WATER-BEARING FORMATIONS

The general character of water from the principal water-bearing
formations in Seward County is indicated in Figure 9 and is dis-
cussed below.

Pliocene and Pleistocene formations.—The Laverne, Rexroad (?),
and Meade formations yield water to most of the wells in Seward
County. The Rexroad (?) is the principal water-bearing formation
in the area because in most places the water table is near or below
the base of the Mcade formation and because ground water in the
Laverne formation generally is not utilized owing to its consider-
able depth. Because of the lithologic similarity of the coarse water-
bearing materials in these formations and because a large number
of wells probably obtain water from more than one formation, the
quality of the water from the three formations will be dizcussed in
one section.

Samples of water from these deposits ranged in hardness from
177 to 275 parts per million, the average being 231 parts per million,
The amount of dissolved solids ranged from 233 to 480 parts per
million and averaged 333 parts per million. The average fluoride
content of these waters was 0.7 parts per million,
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66 Geological Survey of Kansas

Alluvium —Water from the Recent alluvium of Cimarron River
is generally of poorer quality than that from the water-bearing for-
mations mentioned above. Three samples of water were collected

8
7 100
6 24 929
Chloride, fluoride,and nitrate
g 5 e _—
= Sulphate
13
: E

Bicarbonate (and carbonate)

—

Equivalents
w

Sodium (and potassium)

N

Magnesium

S

A _

Calcium

g
23
30 te 00
o

o

A te%ee

Rexrood(?)

Alluvium

Fic. 9. Analyses of waters from the principal water-bearing formations in

Seward County.

from wells ending in these deposits. The average hardness of these
waters was 259 parts per million. The amount of dissolved solids
averaged 396 parts per million and the fluoride content averaged

0.9 part per million.

Google




Seward County, Kansas 67

GEOLOGIC FORMATIONS AND THEIR WATER-BEARING
PROPERTIES

PERMIAN SYSTEM
UNDIFFERENTIATED REDBEDS

Character—The undifferentiated redbeds of Permian age do not
erop out in Seward County; hence the only available data concern-
ing these beds are the logs of gas wells that have been drilled in
the Seward County part of the Hugoton gas field. The redbeds
encountered in these wells consist principally of red shale, silt-
stone, and sandstone containing interbedded salt, gypsum, anhy-
drite, and dolomite.

Distribution and thickness—The Permian redbeds underlie all of
Seward County but they do not crop out. The nearest outcrop of
these deposits is in southcastern Meade County about 14 miles east
of Seward County. The thickness of redbeds exposed in Meade
County is more than 100 feet (Frye, 1942, p. 93). Bcecause there
it an erosional unconformity between the Permian redbeds and the
overlying sediments of Cretaccous age or younger, the thickness of
the redbeds in this area is variable. Most of the gas wells in this
and adjacent areas penetrate between 1,200 and 1,600 feet of red-
beds. "

Water supply—No wells in Seward County obtain water from
the Permian redbeds owing to their considerable depth. These beds
vield highly mineralized water to a few artesian wells in Morton
County. Potable water is reported to have been encountered in
several gas wells in the Hugoton field but no chemieal analyses of
these waters are available.

CRETACEOUS SYSTEM
GULFIAN SERIES

For a review of the history of the naming of the early Cretaceous
units in Kansas the reader is referred to a report by Waite (1942,
pp. 135-137). Plummer and Romary (1942, p. 319) have redefined
and subdivided the Dakota formation according to the present
usage of the State Geological Survey of Kansas. Their terminology
ie followed in this report.

Dakota Formation

Character—The character of the Dakota formation in Seward
County was determined by a study of the cuttings from two test
holes in the northwestern part of the county (logs 3 and 4). The
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68 Geological Survey of Kansas

formation consists principally of buff and brown sandstone and
varicolored clay. The sandstone generally consists of very fine- to
medium-grained quartz sand. The clay ranges from gray to various
shades of brown, red, and purple and generally contains very fine-
to fine-grained quartz sand. Where the Dakota formation crops out
in southwestern Kansas the sandstone generally is poorly bedded,
and in some places it is strongly ripple-marked and cross-bedded.
The cementing material in the sandstone generally is iron oxide.

Distribution and thickness—The Dakota formation underlies
only the northwestern corner of Seward County (Pl. 3). The for-
mation also underlies most of southwestern Kansas. It is absent
in parts of Morton, Stevens, Seward, Meade, and Haskell Counties.

The thickness of the Dakota formation in Seward County ranges
from a featheredge at its southern limit to approximately 100 feet
at. the northwest corner of the county. Only one test hole (4) pen-
ctrated the entire thickness of the Dakota formation in Seward
County. The formation at that point was 72 feet thick. In ad-
jacent arcas to the northwest the formation is 100 to 150 feet thick,
and in north-central Kansas the formation is more than 300 feet
thick (Plummer and Romary, 1942, p. 330).

Water supply—No wells obtain water from the Dakota forma-
tion in Seward County because adequate quantities of potable water
are available from the overlying Tertiary and Quaternary deposits.
Water from the Dakota formation in adjacent areas generally is of
poorer quality than water from the overlving deposits,

TERTIARY SYSTEM
PLIOCENE SERIES
Laverne Formation

The Laverne formation was named and deseribed from a locality
m Harper County, Oklahoma, by V. V. Waite in an unpublished
manuseript which was qguoted by Gould and Lonsdale (1926).
These beds were studied in 1589 by Cragin (1891) who correlated
them with the “Loup Fork beds.” Caze (1594) made a collection
of the flora of these beds in 18930 Adams (1902) deseribed similar
rocks in Cimarron Valley in southeastern Seward County and sug-
gested that they were of Tertiary age and that they were equivalent
to the beds previously deseribed by Cragin in Oklalioma. The flora
and fauna of the Laverne formation in Beaver County, Oklahoma,
were deseribed more recently by Chaney and Elias (1936, pp. 16-
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Seward County, Kansas 69

23). Detailed studies of the Laverne formation in Kansas have
been made recently by Frye and Hibbard (1941), Frye (1942), and
McLaughlin (1945).

Character —The Laverne formation exposed in Cimarron Valley
in Meade and Seward Counties consists primarily of steeply dipping
beds of shale, chalky sandstone, sand, and gravel containing caliche
and thin-bedded limestone. Test holes drilled in that area indicate
that the lower part of the formation consists principally of sand
and gravel containing interbedded clay or shale (Pls. 7 and 8).

The sand and gravel is made up of materials derived from igneous

rocks and consists principally of quartz and feldspar although mica
is abundant at some horizons. The beds of sand and gravel where
exposed generally are moderately well sorted, in part cross-bedded,
and in places cemented with calcium carbonate to form “mortar
beds.” «
The clay and shale generally are light gray to dark blue gray but
loeally may be light green, pink, or maroon. The clay in many
places contains fine quartz sand and mica. The shale is thinly
bedded and the clay generally is massive, blocky. and poorly
bedded.

The caleareous or chalky sandstone is soft, friable, poorly bedded,
very porous, and is fine-grained to very fine-grained. These beds
are known locally as “sawrock” inasmuch as they can be cut easily
with a saw and have been quarried locally for building stone (PI.
9B). These beds generally are cream-colored to buff but they
weather to brown, dark gray, and nearly black. They contain
abundant ostracodes and some remains of fish. Sections of the
Laverne formation measured by Claude W. Hibbard and Thad G.
MecLaughlin are given below and on page 74.

Section of Laverne formation, sec. 25, T. 84 S., R. 31 W,
Seward County, Kansas
TerTIARY—Pliocene

. Thickness,
Laverne formation feot
15. Sandstone. fine to coarse, light tan to buff........... ... 2
14. Shale, gray. poorlv bedded........ ... ... ... ... . ... 5
13. Caliche, sandy. very hard, white. Weathers to smooth
round boulders ............ ... ... .. .5

12. Shale, thin-bedded, varicolored. Predominantly vellow-

ish near base, gray in middle, and pink to maroon near

L7 ¢ P 6.1
11. Sandstone, finc-grained, compact, hard. Forms promi-

nent ledge. Weathers to large disc-shaped blocks having

pitted surfuce. Top 4 inches contains caliche........... 3
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Seward County, Kansas ‘ 71

10. Alternating thin beds of gray, tan, and green shale and
buff friable sandstone. Beds contain a few white Limy

zones. Abundant crystals of gypsum in upper part..... 19.2
9. Shale, dark gray; contains lenses of thin buff sandstone. 13
8. Sandstone, medium-grained, white; contains thin part-

ings of dark-gray shale .....................co el .6
7. Caliche, dense, hard, white............................ .3
6. Shale, massive, light gray to blue gray.................. 3.6

5. Sand, fine to coarse, yellowish buff to rusty brown, and

fine gravel; unconsolidated to moderately well consoli-

dated. Forms massive ledge when consolidated......... 12
. Silt.sandy, and clay. ... 12
3. Sandstone, fine-grained and very fine-grained, very por-

ous, highly calcareous, even-bedded, cream colored to

light tan; contains silt and lesser amounts of medium

sand and clay. In places it is case-hardened. Locally

-

known as “sawrock.” Contains abundant ostracodes.... 21
2. Shale, silty, calcareous, diatomaceous, light buff to yel-

fow tan; containssand ................. ..., 20-30
1. Clay, blue gray ............... i 20

Thickness of Laverne formation exposed................ 126.6-136.6

Distribution and thickness—The Laverne formation crops out in
Meade and Seward Counties, Kansas, and in Beaver and Harper
Counties, Oklahoma, but the subsurface extent of the formation
probably is much greater than is indicated by the limited areas of
outcrop. These beds probably underlie much of Seward, Haskell,
Stevens, and Grant Counties, Kansas, as well as large areas in Ok-
lahoma. They are absent in part of Morton, Stanton, and Hamil-
ton Counties where the Cretaccous or older bedrock crops out or is
overlain by the Ogallala formation. Similarly, they probably do
not extend east of Crooked Creck in Meade County where the Per-
mian redbeds are exposed or are overlain by the Ogallala formation.
The northern and southern limits of these deposits are not known.

The thickness of the Laverne formation is not known inasmuch
as the base of the formation is nowhere exposed. About 80 feet of
these beds have been measured near the mouth of Wolf Canyon in
sec. 7, T. 35 8., R. 30 W., Mecade County, and about 135 feet have
been measured in sec. 25, T. 34 3., R. 31 W, Seward County. Test
holes in Meade and Seward Counties (16, 18, and 20) that were
begun on Laverne strata penctrated from 301 to 464 feet of mate-
rial before entering the Pcrmian redbeds. All of this material is
believed to be a part of the Laverne formation. The test hole that
penetrated 464 feet of material (20) was begun on a ledge of “saw-
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72 Geological Survey of Kansas

rock” (bed 4 in measured section on page 75); hence, the total
thickness of these beds may exceed 500 feet.

Water supply—Relatively few wells in Seward County obtain
all their water from the Laverne formation because adequate quan-
tities of water generally can be obtained in the overlying Rexroad
() formation. Many of the deep wells that obtain most of their
water from the Rexroad (?) formation may also obtain some water
from the Laverne. Some of the municipal wells at Liberal, for ex-
ample, penetrate all water-bearing materials that lie above the
Permian redbeds.

Test holes drilled in this area indicate that in many places the
Laverne formation contains thick deposits of sand and gravel and
therefore is an important potential source of large quantities of
ground water.

Ogallala Formation

The Ogallala formation does not crop out in Seward County and
whether or not it is present in the subsurface cannot be determined
at present. Where the Cimarron Valley has been cut below the
base of the Rexroad formation in southeastern Seward County and
southwestern Meade County, it has been found that the Rexroad
beds overlie the Laverne formation and that the Ogallala formation
is absent. The absence of the Ogallala in these places can be ex-
plained in two ways: 1. The more resistant beds of the Laverne
formation formed “high” areas over which the Ogallala sediments
were not deposited. 2. The post-Ogallala erosion removed much
or all of the Ogallala formation in this area before the Rexroad
sediments were laid down.

The beds in the upper part of the Laverne formation are, in gen-
eral, more resistant than those of the other Cenozoie formations
of this area. On the Nieland Ranch, for example, the tilted Laverne
beds formed a “high” during most of Rexroad time and are over-
lain only by the uppermost beds of the Rexroad. This indicates
that the upper beds of the Laverne formation in this area are suf-
ficiently resistant to have remained above the level of deposition
during Ogallala time,

The principal evidenee that much or all of the Ogallala formation
was removed from this area during the interval of erosion between
Ogallala time and Rexroad time is that all beds that are known to
be Rexroad and those believed to be Rexroad lie at an elevation
helow that of a line projected from the base of the Ogallala in Mor-
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ton County to the base of the Ogallala along Crooked Creek in
Meade County. The position of the Rexroad beds in relation to
that of the Ogallala beds could be accounted for in parts of the
Meade Basin by faulting and by subsidence but there is no evidence
of either faulting or subsidence between southeastern Seward
County and Point of Rocks in Morton County.

Inasmuch as the Ogallala formation does not crop out in Seward
County and as there is strong evidence that erosion removed much
or all of the Ogallala beds in this area, the Ogallala formation is
herein considered absent in Seward County.

Rexroad (?) Formation

The Rexroad formation was named by Smith (1940, pp. 95-99)
from exposures along tributaries of Crooked Creek on the Rexroad
Ranch in see. 22, T. 33 S., R. 29 W,, Meade County, Kansas. In
1941 Frye and Hibbard (1941, p. 407) designated these beds the
Rexroad member (upper Pliocene) of the Ogallala formation. Sub-
sequently these beds have been classified as the Rexroad formation.
In this report the term Rexroad (?) is used for those deposits in
Seward County that are believed by us to correlate with the Rex-
road formation in Meade County.

Character—The Rexroad (?) formation consists of sand and
gravel in the lower part, silt to coarse gravel containing nodules and
stringers of caliche in the middle, and silt and clay containing
caliche in the upper part (Pl 7).

The basal sand and gravel deposit lies in channels in the under-
lIving deposits. For this reason there is wide variation in its thick-
ness. In at least one place the sand and gravel deposit is absent
(NW1 sec. 24, T. 34 S, R. 31 W.). At this place the Laverne for-
mation lies about 15 feet below the base of the Meade formation.
The tilted Laverne strata were high erosional remnants that were
not covered until near the close of Rexroad (?) deposition.

The sand and gravel consist of materials derived from igneous
rocks. The gravel consists of fragments of feldspar, quartz, and
some chalcedony, and the sand 1s made up prineipally of quartz.
In most places at least part of this deposit has been cemented with
caleium carbonate to form “mortar beds” which form prominent
ledges in some places along Cimarron Valley. The “mortar beds”
in the Rexroad (?) formation differ markedly from those in the
Ogallala formation in adjacent arcas. They are coarser-grained,
contain less caleium carbonate, and weather to a smoother surface.
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The “mortar beds” of the Rexroad (?) resemble more closely those
of the Meade formation. Those in the Meade formation generally
are coarser-grained but this cannot be used as a criterion for dis-
tinguishing them.

The middle part of the Rexroad (?) formation represents a transi-
tion from the coarse sand and gravel in the lower part to the fine
sand, silt, and clay in the upper part. The middle part consists of
an admixture of reddish clay, silt, sand, and gravel containing, in
many places, abundant nodules and stringers of caliche giving the
rock a mottled red and white appearance. The top and bottom of
this part of the formation is not sharply defined inasmuch as it
gradex into the upper and lower parts. The middle part is very
poorly sorted and is moderately well indurated.

The upper part of the formation generally consists primarily of
silt, fine sand, and clay containing a few beds of caliche. Near the
top of the formation is a 2-foot bed of hard cherty caliche that
weathers to irregular, rough, pitted boulders. In most places, this
bed has been removed by the deep-channeling preceding the dep-
osition of the overlying Meade formation. The upper part of the
formation generally is brown and gray in various shades. A thick
bed of dark-brown blocky clay has been found at most places where
the Rexroad (?) formation crops out.

Several sections of the Rexroad (?) formation that were meas-
ured by Claude W. Hibbard and Thad G. MecLaughlin are listed
below. The first was measured in one of the very few places where
both the top and bottom of the Rexroad (?) formation are ex-
poszed, although in this scction a few of the upper beds appear to
have been removed by channeling,

Section of Meade, Rexroad (?) and Laverne formations in sec.
7.T.35 8, R.30 W. Meade County, Kansas
QUATERN ARY—Pleistocene

Mecade formation T’”}':;'t'““‘
19. Sand and gravel; coarse, locally cemented with caleium
carbonate to form “mortar beds”. . ... ... ool 11
FerTiaRY—Pliocene
Rexroad (?) formation
18. Silt, fine sandy, bufl red; contains caliche.............. ... 13.5
17. Silt, sandy, light brown to red; contains caliche. The cali-
che near the top is nodular and cherty. ... oo L 14
16. Silt. fine sandy, buff red to red; contains caliche. Material
near the middle cemented with calcium carbonate......... 14
15. Caliche, siliccous, massive, very hard, white............... 2
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13.

Seward County, Kansas

Sand, fine to coarse, tan to buff red; contains irregular nod-
ules and bands of caliche and much silt. Becomes finer to-
ward top. Most of the silt and caliche are in the upper
£ o N
Sand and gravel, coarse, moderately well sorted, cross-
bedded. The pebbles are predominantly igneous rocks but
some are abraded fragments of caliche. The upper two-
thirds of the bed is cemented with calcium carbonate to
form “mortar beds.” The “mortar beds” form prominent
ledges that cap several low mesas and that have been
eroded into long rectangular blocks.......................

Laverne formation

12.

11

= IS -

o

Clay, brown; contains lenses of rust-stained quartz sand.
Weathers to gray green. Contains fragments of fossil camel,
Sand, fine to medium, gray to yellow, cemented with cal-
cium carbonate to form “mortar beds.” Bed dips east-
R 71 4
Sand and gravel, unconsolidated, yellow to rusty..........
Clay, silty, blocky, tan, sandy at top................c.c....

. “Mortar beds,” thin, crinkly; contains fine to medium sand,

Sand, fine, and silt; pinkish.................. o renereaaes

. Sand, fine to medium, yellowish tan; contains a few pebbles

of coarse sand and gravel. Upper part cemented with cal-
cium carbonate to form “mortar beds.” Dips west-south-
Westward .. ... et
Clay, graY . .oitietiiin it e e
Sandstone, massive, soft, friable, highly calcarcous, very
porous, tan to buff; contains very fine sand, silt, aind a few
grains of medium sand. Contains abundant remains of os-
tracodes. Locally known as “sawrock”...................
Clay and silt; contains fine sand .........................
Sand, fine to coarse, yellow to rusty ......................

.8and, fine, tan ... ... ...

Thickness of Rexroad (?) formation exposed ............
Thickness of Laverne formation exposed ...............

Section of Rexroad (?) formation in sce. 19. T. 34 S, R. 30 W,
Meade County, and sce. 24, T. 34 S.. R. 31 W ., Scward County,
Kansas
Terriary—Pliocene
Rexroad (?) formation

8.
7.

6.

Caliche, cherty, very hard, white. Forms prominent bench,
Unexposed. Covered by caliche rubble from above. Gentle
slope indicates silt or clay ....... ..o
Clay, silty and fine sandy, gray brown to buff; contains

Clay and silt, fine sandy. buff to pink; contains nodules
and thin stringers of caliche ........... .. ... ... . il
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4. Sand and gravel; contains abraded pebbles of caliche and

small lenses of clay ........ ... ... i i 7.5
3. Clay, light.brown ......... ...ttt 2
2. Clay, blue gray; contains caliche. Weathers to rusty brown, 2
1. Sand and gravel, coarse. Pebbles are predominantly ig-
neous rocks but some are abraded caliche. Base not ex-
POSEA ittt e e e e e 9-25
Thickness of Rexroad (?) formation exposed ........... 70-86
Section of Quaternary and Tertiary deposits in SEY sec. 35
and SWY% sec. 36, T. 32 8., R. 33 W., Seward County, Kansas
QuATERNARY—Pleistocene .
. Thickness,
Terrace deposits feet
8. Sand and gravel, coursc; contains cobbles as Jurge as 3
inches in diameter ...... ... ... ... ... ... .. ... 3
Meade formation
7. Sand and gravel, coarse; cemented near base with calcium
carbonate to form “mortar beds” ... 20
TerTIARY—Pliocene
Rexroad (?) formation
6. Clay, blocky, gray green and brown. Grades upward into
fine-grained micaceous sand. The sand is cemented in some
places to form 4-inch “mortar bed” ...................... 3.8
5. Shale, calcareous, thin-bedded, white; contains fine sand
and remains of ostracodes ......... ... it 0-0.5
4. Silt, fine sandy, tan at base to green at top. Varies from
massive at base to blocky in middle to thin-bedded at top.
Top part grades laterally into a varved diatomaceous marl, 4
3. Clay, blocky, in part sandy, brown to gray ............... 4
2. Sand, fine, and silt; poorly sorted, consolidated, tan to red-
dish brown; contains nodules of caliche. Lower § feet ix
mostly fine sand containing clay as a binder. Middle 4 feet
mostly tan to brown silt containing irregular nodules of ca-
liche which give the rock a mottled appearance. Upper 4
feet predominantly massive fine-grained poorly  consoli-
dated tan to red brown sand ... ... ... 13
1. Sand and gravel; coarse ... ... o oLl Lol 15
Thickness of Rexroad (?) formation exposed ............ 40.3

Distribution and thickness—The Rexroad (?) formation crops
out in many places in the Cimarron Valley between central Seward
County and southwestern Meade County and along tributaries of
Crooked Creek in west-central Mcade County. Tt erops out also
in Cimarron Valley in the NW1] =ee. 35, T. 30 8, R. 37 W., Grant
County, in sees. 20 and 29, T. 31 8., R. 38 W, Stevens County, and
in see. 35, T. 32 S, R, 40 W, in Morton County.

Between ('vntml Seward County and northwestern  Stevens
County the channel of Cimarron River has been cut to approxi-
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mately the level of the contact between the Rexroad (?) formation
and the overlying Meade formation. Where the sand and gravel
of the Meade formation are thick, the contact is below the stream
level and where they are thin it is above stream level. Recent
pediment-like deposits cover much of the valley slopes and mask
the bedrock except in a few places where such deposits have been
removed by the widening channel of Cimarron River or by the
deepening channels of some of its tributaries.

The Rexroad (?) formation underlies much of Grant, Haskell,
Stevens, and Seward Counties and parts of Meade, Morton, and
Stanton Counties. It is absent east of Crooked Creek in Meade
County and north and west of Point of Rocks in Morton County.
It extends southward into Beaver County, Oklahoma, but its north-
ern and southern limits are not known. The thickness of the Rex-
road (?) formation is shown in the measured sections listed in the
preceding pages.

Water Supply—The Rexroad (?) is the principal water-bearing
formation in Seward County. These beds supply all or part of the
water to most of the wells in the county. The coarse sand and
gravel at the base of the formation, where adequately thick, is
capable of yielding large quantities of water to wells. The middle
part of the formation consists of poorly sorted materials and the
upper part consists of fine-grained materials; hence they will not
vield large quantities of water to wells but may yield sufficient
water for domestic and stock uses. Water from the Rexroad (?)
formation generally is moderately hard but is suitable for most
uses.

QUATERNARY SYSTEM

PLEISTOCENE SERIES
Meade formation

The Meade formation was recognized by Cragin (1896, p. 53) as
the Meade gravels which was the name proposed by him for the
lowest of three “terranes” in the vieinity of the old Vanhem post
office in sec. 13, T. 30 S, R. 23 W, Clark County (Hibbard, 1944b,
p. 709). Cragin also gave the name Pearlette ash to the deposits of
voleanic ash in that region, Smith (1940, pp. 100-111) assigned
the names Odce formation, Equus niwobrarensis beds, and Jones
Ranch beds to Pleistocene deposits in Meade County and adjacent
areas. The Meade formation was redefined by Frye and Hibbard
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(1941, pp. 411-419) to include Cragin's Meade gravels and Pearl-
ette ash, Smith’s Odee formation, Equus niobrarensis beds, and
Jones Ranch beds, and all other beds of Pleistocene age above the
Rexroad and below the Kingsdown silt. Additional palcontologic
studies by Hibbard* indicate that the Jones Ranch beds are
equivalent to a part of the Kingsdown silt and therefore should not
be considered a part of the Meade formation.

Character—The uppermost beds of the Meade formation do not
crop out in Seward County. The Odee formation and Equus nio-
brarensis beds are local deposits that apparently were laid down in
sink holes and therefore do not extend into Seward County. The
Meade formation as exposed in Seward County (called the lower
Mcade by Frye and Hibbard) is very nearly an exact duplication
of the Rexroad (?) formation. It consists of a deposit of coarse
sand and gravel at the base, a zonc of transition in the middle con-
sisting of poorly sorted silt, sand, and gravel containing abundant
nodules and stringers of caliche, and an upper zone consisting of
fine sand, silt, clay, and beds of caliche (Pl. 7). Voleanic ash is
found in a few places in the upper zone. Measured sections of the
Meade formation are given on the following pages:

Section of Meade formation in scc. 21, T. 33 8., R. 28 W., Meade
County, Kansas (Frye, 1942, p. 98)

QUATERN ARY—Pleistocene

Meade formation Th'/r::;;m'
18. Silt, sand, and some clay; tan to buff brown, massive; contains

sandy beds and caliche cobbles.............................. 14.8

17. Sand and silt; gray to gray tan ........ .. ... 5.4
16. Clay with some silt and sand; light gray, massive. Breaks

with a conchoidal fracture when dvy......................... 4.5

*15. Voleanic ash, pearl gray, lenticular, somewhat impure........ 1.6

14. Silt, clay, and some sand; gray, massive; contains a few cal-
careous nodules. (Borchers fauna, where present, occurs at

top of thisbed). .. ... . i s 6.4
13. Voleanic ash (Pcarlette member), pearl gray, thin-bedded,
cross-bedded ... e 7.1

12. Clay, silt, and some sand; tan gray and brown gray, massive.
Grades upward into yellowish gray-green sand and contains
some mottled yellow-brown silt. Contains a few thin beds of
ash and calcareous nodules. (Cudahy fauna occurs at top of
this bed, where present ........... ..ot 9.5

* Personal communication.
* This section was examined later by Claude W. Hibbard who was unable to find bed 15
(personal communication).
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Section of Quaternary and Tertiary deposits in NW1 see. 35,
T.33 8., R.32 W., Seward County, Kansas. (Measured by Claude
W. Hibbard and John C. Frye.)

QuaTerNarY—Pleistocene

Terrace deposit -
10. Sand and gravel. coarse, poorly sorted. Pcbbles consist of
granite, felsite, vesicular basalt, quartzite, sandstone, and
chert. Pebbles are as large as 7 inches in largest diameter ...
Mecade formation

9. Volcanic ash interbedded with light-tan silty c¢lay and fin--

grained sand ............ il
8. Sand, fine to coarse, and silt; pale buff ......................
7. Silt and clay, thin-bedded............... ... ... . ...
6. Sand and gravel, grading upward into medium sand .........
5. Sand and gravel cemented with caleium carbonate to form
“mortar bed” ........ ..
4. Sand and gravel, cross-bedded. Pebbles are as large as 2 inches
in diameter ........ ...
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11. Sand, silt, and coarse gravel; brown; contains abundant nod-
ules. Grades upward into red-brown to tan-maroon sand and
gt e e N ... 8.8
10. Sand, coarse and well sorted at base, grading upward into
finer, more poorly sorted sand. Calcareous nodules at top ... 10.1
Ogallala formation .............cooiiiiiiiiiiiiiiiiii 78.0
Thickness of Meade formation exposed ................... 68.2
Section of Meade formation in secs. 28 and 33, T. 34 S, R. 31 W,
Seward County, Kansas
QUATERN ARY—Pleistocene
. Thickness,
Meade formation Jeet
9. Caliche, white. Weathers to coarse rubble .................. 3
8. Clay, buff and gray; contains fine sand ...................... 12
7. Caliche, crumbly, white, impersistent.  Forms ledge in some
PlaCES oo e 1
6. Clay, light gray ........ciiiiiiiiiiii i 6
5. Caliche, white, fairly persistent. Forms ledge .............. 0.5
4 Clay, gray to greenish gray, fossiliferous.................... 5
3. Sand, fine to medium; contains gravel at the base ........... 5
2: Sand, fine, and silt; red; contains numerous nodules and bands
of caliche. In many places caliche is very hard and is more re-
sistant to erosion than the silt and clay. In other places the
caliche is soft and the rock has a red and white mottled ap-
pearance. Forms vertical walls where cut by small streams
and gullies. Where caliche is resistant it accumulates in rub-
ble on the surface ............c.o i 15
1. Sand and gravel, coarse; contains “mortar heds” about 20 feet
below the top. Base not exposed ........................... 30
Thickness of Meade formation exposed ................... 7.5

feet
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disconformity
TerTIARY—Pliocene
Rexroad (?) formation
3. Sand and silt, poorly sorted, tan and dirty pink; contains nod-

ules and bands of ealiche ............. .. ... L 5.2

2. Silt and clay. gray and tan; contains bands of nodular caliche.
Massive zone of ealiche at the top..................cooous. 2.6
1. Sand, silty, buff tan to gray .......... ... .. i 8.1
Thickness of Meade formation exposed ................... 29.6
Thickness of Rexroad (?) formation exposed .............. 15.9

The basal deposit of sand and gravel in the Meade formation
coneists primarily of material derived from igneous rocks but may
also contain many water-worn pebbles of calithe and “mortar beds”
derived from older sedimentary rocks. The sand and gravel gen-
erally is cross-bedded and the individual beds are moderately well
sorted. A part of the deposit generally is cemented with calcium
carbonate to form “mortar beds” which erode to prominent ledges
in many places along Cimarron Valley and which form the cap rock
of several buttes in Cimarron Valley near the Meade-Seward
County line.

The «and and gravel of the Meade formation generally is coarser
than the sund and gravel at the base of the Rexroad (?) formation.
It contains a greater abundance of water-worn pebbles of caliche
and “mortar beds” and appears to contain more chaleedony. The
sund and gravel of the Meade formation differs markedly from that
of the Ogallala formation.  The Ogallala formation in Mcade and
Clark Counties contains abundant pebbles of fine-grained sand-
stone, gray quartzite, and ironstone which probably were derived
from the Dakota formation and other Cretaccous deposits (Smith,
1940, p. 42). Pcebbles of this tvpe are rare in the Meade formation.
In addition. the Ogallala formation contains relatively few water-
worn pebbles of caliche and “mortar beds.”

The middle or transition zone of the Meade formation consists of
poorly sorted reddish silt, sand, and gravel containing abundant
nodules and stringers of ealiche (Pl 101, The material is moder-
ately well indurated and forms steep slopes in come places, The
caliche generally is harder than the rest of the material, forming a
rough surfuce on =teep glopes and abundant rubble on gentle slopes.
The gravel beeomes more abundant near the base and generally is
ab=ent in the upper part.  The zone has a characteristic mottled
red and white appearance. This deposit is well exposed in many
places along Cimarron Valley from northwestern Stevens County to
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Seward County, Kansas 81

central Meade County. It is particularly well exposed in the rail-
road cut north of the Arkalon railroad bridge.

The upper part of the Meade formation in Seward County con-
sists of beds of clay, silt, fine sand, and caliche containing volcanic
ash in some places (Pl. 11A). Locally there is a few feet of sand
and gravel at the base. This sand and gravel thickens eastward
and is widespread in Meade County (Claude W. Hibbard, personal
communication). The silt and clay generally is light gray to green-
ish gray but may be light brown, brown, buff, or pinkish buff. The
caliche occurs in beds ranging in thickness from a few inches to
nearly 4 feet. The uppermost bed generally is thickest and has
been quarried in a few places for road metal. The volcanic ash
crops out in many places in Meade County but has been found in
only a few isolated places in Seward County. Its occurrence has
been described in more detail under mineral resources.

Distribution and thickness—The Meade formation is widespread
in southwestern Kansas. It underlies most of the area in Kansas
south of the Arkansas River and west of Meade. It has also been
observed in the panhandle of Oklahoma. The formation was de-
posited over all of Seward County and is absent only where Cimar-
ron River has eroded down to the underlying formations. In most
of Seward County it is underlain by the Rexroad (?) formation and
overlain by the Kingsdown silt or by dune sand.

The thickness of the Mecade formation is variable depending pri-
marily upon the thickness of the basal sand and gravel (PL. 7). The
measured thickness at the type locality (measured section on page
78) is approximately 68 feet but at this point the basal sand and
gravel are very thin. Its average thickness in Seward County prob-
ably is between 75 and 100 fcet. Toward the west the basal sand
and gravel seems to thicken whereas some of the upper beds pineh
out or have been removed by crosion.

Water supply—The Meade formation yields water to a part of
the wells in the western half of Seward County. In Cimarron Val-
ley in the western half of Seward County the contact of the Meade
and Rexroad formations is approximately at the level of the
stream which represents approximately the level of the water tuble
in adjacent upland areas. Most of the Meade formation, there-
fore, lies above the water table bul the lowermost part of the for-
mation may be saturated with water and may yield water to wells.
Wells in western Seward County probably obtain most of their

6—7070
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water from the Rexroad (?) formation but many may obtain part
of their water from the Meade formation. Few, if any, wells ob-
tain water from the Meade formation in the eastern half of Seward
County.
PLEISTOCENE AND RECENT SERIES
Kingsdown silt

The Kingsdown marl was described by Cragin (1896, p. 54) from
outcrops southwest of Kingsdown in Ford County and along Bluff
Creek in northern Clark County. He did not designate a type lo-
cality for these beds but they are typically exposed in the vicinity
of the old Vanhem post office in sec. 13, T. 30 S., R. 23 W, Clark
County. Cragin believed that the Kingsdown marl might be Plio-
ccne, These deposits were redefined as the Kingsdown formation
by Smith (1940, pp. 111-116) who designated as the type locality
an outerop that he measured in sec. 13, T. 30 S., R. 23 W, Clark
County. Frye and Hibbard (1941, pp. 419-420) redefined these
beds as the Kingsdown silt and included the overlying loess of up-
permost Pleistocene and Recent age. Hibbard (1944b, pp. 745-752)
has recognized two phases of the Kingsdown silt in Clark County
which he has called lower and upper Kingsdown. The Kingsdown
silt exposed in Seward County probably is equivalent to the upper
Kingsdown as defined by Hibbard.

Character—The Kingsdown silt in Seward County consists of
fine sand in the lower part grading upward into sandy silt, silt, and
loess. The upper part may contain many small nodules of caliche.
The lower sand is thin-bedded and the upper silt and loess are
massive and have been eroded to form vertical cliffs in some places.
These beds range from light tan to buff.

Distribution and thickness—The King=down =silt underlies much
of southwestern Kansas. It covers much of Grant, Haskell, Meade,
Clark, and Ford Counties and the northern part of Seward County.
These beds are thin or absent south of Cimarron River in Seward
County where the Meade formation is at the surface or is overlain
by dune sand.

The Kingsdown silt is thickest in northern and northeastern Sew-
ard County. The thickness ranges from a featheredge near Cimar-
ron River to approximately 40 feet in the northeastern part of the
county.

Water supply —The Kingsdown silt lies above the water table in
Seward County; hence it does not vield water to wells, The lower
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part of the formation is saturated with water in a few places in
Meade County where it yields small quantities of water to a few
wells (Frye, 1942, p. 110).

Terrace deposits

There are at least two and possibly three terraces along Cimarron
River in southwestern Kansas (Smith, 1940, pp. 126, 153; Frye and
Hibbard, 1941, p. 420; and McLaughlin, 1946, pp. 132-134). The
most prominent terrace is about 50 feet below the level of the up-
land which in southeastern Seward and southwestern Meade
Counties is more than 200 feet above the level of the stream. The
terrace generally is level with the top of the red transition zone in
the Meade formation and the underlying sand and gravel generally
lie in channels in the basal sand and gravel of the Meade forma-
tion. The sand and gravel underlying the highest terrace includes
abundant cobbles of sandstone apparently derived from Mesozoic
rocks, and cobbles of reddish light vescicular basalt probably de-
rived from the beds of lava along the headwaters of Cimarron
River.

A second terrace which is about 50 to 75 feet above the level of
the stream has been observed in southeastern Seward County and
southwestern Meade County. The sand and gravel underlying this
terrace mantles the hills formed by the tilted strata of the Laverne
formation.

A third terrace at a level of about 20 feet above the stream bed
was noted in Stevens and Seward Counties by Smith (1940, pp. 126
and 153) and in Morton County by McLaughlin (1946, pp. 132-
133). This terrace is not well preserved in most of Seward County
owing to the mask of colluvium that covers the lower valley slopes.

Fryve and Hibbard (1941, p. 420) report that tecth of Paraelephas
columbi (Falconer) have been taken from the high-terrace deposits
in Cimarron Valley south of Mecade. The remains of fossils and
the fact that the highest terrace deposits are in channels cut into
the Meade formation indicate that this terrace was formed during
late Pleistocene time and therefore that almost all the downcutting
in Cimarron Valley was during late Pleistocene and Recent time,
The terrace deposits lie above the water table in Seward County
and do not yield water to wells.
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RECENT SERIES
Alluvium

Alluvium occurs only along the floor of Cimarron Valley in Sew-
ard County (Pl 1). It consists primarily of sand and gravel con-
taining lesser amounts of silt and clay. The thickness of the for-
mation in Seward County is not known but test holes drilled
through the alluvium in adjacent areas indicate a thickness of
about 70 feet.

The alluvium in Seward County has been covered in many places
by recent pediment-like deposits and in other places has been
partly removed by the widening channel of Cimarron River. As a
result, very little bottom land remains and the broad sandy channel
of Cimarron River occupies most of the valley floor.

Alluvium yields water to many domestic and stock wells in Cim-
arron Valley, but the yield of these wells generally is small.. Water
in the alluvium generally is hard but can be used for most domestic
and farm purposes (see analyses 22, 53, 100, and 102).

Dune sand

Most of the area south of Cimarron River and part of the area
north of Cimarron River is underlain by dune sand (Pl. 1). It
overlies the Meade formation south of the river and the Meade and
Kingsdown formations north of the river. In the northwestern
part of the county it extends into Cimarron Valley and is in con-
tact with the alluvium. The sand consists of fine- to medium-
grained well rounded quartz sand containing some silt. .

Smith (1940, pp. 159-165) described an ideal dune cycle in his
discussion of sand dunes in southwestern Kansas. The cycle con-
sists of two phases: (1) An eolian or active phase during which the
dune is built up, and (2) an eluvial or passive phase during which
vegetation prevents further growth and the dune is subdued by
weathering and creep. He divides the eluvial phase into stages of
youth, maturity, and old age. In the youth stage, the soil zone is
formed and slopes are reduced. The dune becomes mature when
its profile is smooth and regular and when its soil becomes thicker
and more stable. Old age is reached when the dune form is indis-
tinguishable. He states that the eluvial phase in any stage may be
interrupted by rejuvenation. These stages account for the varied
topography discussed on pages 14 and 36.

The thickness of the dune sand may be as much as 40 or 50 feet
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where the dunes are still in the youthful stage but it is relatively
thin between the higher dunes and in areas where the dunes have
reached the old-age stage of the erosion cyele.

Most of the dune sand probably is of Recent age because it was
deposited over the terraces and the alluvium which are late Pleis-
tocene to Recent. Some of the dune sand in Seward County, how-
ever, appears to be much older (Pl. 9A). In the railroad cut south-
west of Kismet there is a deposit of moderately well indurated
dune sand that is separated from overlying younger less consoli-
dated dune sand by a well defined soil zone. The older dune sand
may be Pleistocene.

The dune sand lies wholly above the water table in Seward
County and does not yield water to wells. The dune-sand areas
are poorly drained and form ideal catchment areas which assist in
the recharge of the ground-water reservoir.

Colluvium*

Frye and Smith (1942, pp. 215-221) reported pediment-like slopes
along Smoky Hill River in Logan and Gove Counties and along
Cimarron River in southeastern Seward County. These slopes are
particularly well developed in Cimarron Valley between the high-
way bridge north of Liberal and the Forgan bridge in southwestern
Meade County. The pediment-like slopes in this area are in part
mantled with alluvial detritus or colluvium, consisting of a poorly
sorted admixture of sand. gravel, silt, and clay. The deposits are
composed of material derived from the Meade and Rexroad (?)
formations which form the valley walls.

Character —Tlie colluvium in most places consists primarily of
sand and gravel containing silt and clay, but in a few places the
finer materials are predominant. The larger pebbles may be frag-
ments of igneous rocks derived from the basal sand and gravel of
cither the Meade or the Rexroad (?) formation or they may be
rough fragments of caliche, “mortar beds,” siltstone, or clay derived
from the middle and upper parts of these formations. The deposits
generally are structureless, display no sorting, and are slightly in-
durated.  The st and clay bind the pebbles <o that the deposit
erodes to a vertieal bluff in a few places, Soil zones were observed
in these deposits near the highwayv bridge north of Liberal.

Since 1914 the channel of Cimarron River has been widening

* Term appled to heterogeneous agereeates of roek detntus, such us talus ond avalanches,
resulting from the transpoiting action of gravity,
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rapidly and apparently has also lowered. This has caused recent
accelerated erosion in the tributary streams that traverse the col-
luvium. The surface of the colluvium, therefore, is very irregular
and the land underlain by it generally is unsuitable for any use
other than grazing,

Distribution and thickness—The colluvium mantles much of the
lower slopes in Cimarron Valley throughout Seward County (Pl
12). As stated above, it is most widespread in the southeastern
part of the county where it generally extends from a point at or
near the channel of the river almost up to the high terrace deposits.
The material ranges in thickness from a featheredge near the edge

MEADE
FORMATION

Terr 1l
-, —Terrace deposits

Cimarren

REXROAD (?) FORMATION Rrver

Alluvium

LAVERNE FORMATION

Fi1G. 10. Diagrammatic profile of Cimarron Valley in southeastern
Sewuard County.

of the valley to approximately 30 feet in some places near the river.
The idealized transverse seetion of Cimarron Valley shown in Fig-
ure 10 illustrates the mode of oceurrence of the colluvium.

Water supply—The colluvium lies above the water table; henee
it does not yield water to wells in Seward County.
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Seward County, Kansas 89
WELL RECORDS

Information pertaining to water wells in Seward County is tabu-
lated in Table 10. The numbers in the first column correspond to
the well numbers on the map (Pl 2) and in the table of analyses
(Table 9). The numbers in the first column that are in parentheses
indicate wells from which samples of water were taken for analysis.
The wells are listed in order by townships from north to south and
by ranges from east to west. Within a township the wells are listed
in the order of the sections. The measured depths to water level
are given to the nearest 0.01 foot, whereas reported depths are given
only to the nearest foot and are subject to error.

Google



pIuOpUR(E [[9M pu® WNOY

£[[euoIS8I20 A[UO Pasn [[o M

*uoIIPuod ajrjusn
a1 Jnq pauopusqe ||

pauopuRqe 3sNOY pue [lom
{19pao Funjiom ut jou dung

* {[[BU0ISBI0 Ajuo Pas|)
-aredal jo 883004d Ut [[D ¢
-Buisea pjo opsur
Burrea goul-g Jutysesur Ay
§1 '3ny 2938 podredad (o

*patdnadoun sosiudlg

syreway

L1 80y
¥1 20y
Seeneop
91 3ny
cereeeegp
‘3ny
~-op
‘Iny

b1 B0y

0F61
‘juour
-adnseatu

Jo ae(q

“oPpls J58d
€891 . 8’1 —| -ynos-yinos ‘Juived jo dof, N | 849 - -
8¢°L81 (0°S¥8'2 | 1° +| -opsynosduwsesjodoy | s | MO | UUop
8¥°2L1 [1°698'7 | 1°1 +| " ~opIs yaiou ‘Buiswd jo dog, a|mo ["op

a8 (ERAYINOS

Gg'ZST |6°8S8°C | O -qinos ‘Juiswy jo do |, s'a A reesesegp
0¢° 121 [1'ges'z | 1 +| -opsyuou‘Suseojodor | s | MmO |*cctop

v.«—a_m

28°001 |6°188°C | ¥ + 1samyiou ‘Bused jodol | §°d MO seeeesioiop
9L°¥91 |9°628°C | O <ocapisgswa ‘duseajodol, | S | MO | op
29°8ST [8°9¥8°C | 9 +| " 9pis yylou ‘Bursed jo dog, Nl M op

.-M!m Isanqinos
0S'S¥l |9 08L'C | & + 189w “yjoq duiep jo doj, N A R
‘opts

Z1'91 |8°118'¢ | §° + Jsamynos ‘Buswy jodo, | §'a AD “eeieeeseop

106e1 | 21 | opis ysom Huises jo dog, almo [op
“apis yidou

GG ICT [§°908°C | ¥ +| 3uises jo doj uo jutod no7] N | MDD - op
*apIs IRImyIOU-Ylion

60 291 [1°%28'C ¢ +| dwep Jsjjod woijoq jo dog, s'a M | op

—!v:\.::b\_ut:::g

..01_m 189am SUSI0ISI]
€2 €61 2'808'2 | 20 + ‘Bused jo doj uo yaoN N A PUE JUOL|]
(+309) (199)) o
Juted | ga00y | aoepans

s | pad [purl—)

INSEIW | gy »opq uozIoY
MONG | Ha0qe | 10 (+) uondudsaq LEm | o Butitaq
O | wumon | asoqe Joos] | POYPIY | -dimm
_:MWQ wuycu.nﬁ [edtautrg

juiod Buunsesfy

[72
=002
+921
+961
=GLl

172
*g8l
+081

W e W w8 W © W

+6¥!
0s1
+¢91

woow

€191

(sofour)
" jo
FEN
~wey]

(399))
[IEES
‘—C
pdoq

~op

op

......... ‘0

=}

op
op

op |

° .O«V ;

©uteyd puvyd ) |

nonsod
stydeadodo |,

e pPYINH H T
LI CH'D

SR [199)

BN P gL
....... I
....... PO Yy
“0,) 'SUL A ULy

TURIQUY ARY CRIpY

EREIEIYYY
TuossOy Yoy

sy

poosduie)

“du

VT

o aasuseg (]

JURUDY 20 JOUM()

UUIE o8 MS MN |
“gg AN HS |
UL MN MN |
..... $17998 MG MN
...... 10BN MR |
MNHN |
AN MN | (

..... 21 "0

MNMN | .
SR

US|

11 0as G HN |

..... 80N N MN ¢

TSN N
LYY IS L

NOLLV.)O'] 1

Google



‘[l24 Y2038 pouopusqy

*pauopusqe 3sNoy

*UONJIPIOd ajqesn U Jou
[jom {pauopueqe Apedodd

‘pauopueqe £31odol
‘[194 ou tpatop
-neqe L31adoad pus oy

198 uolIBALIS()
‘[9ARIS 2UY PUE PUES UL SPlY
1P dInULW ¥ KUO[ME (CF
pPPRIA ardaldde pojvwlsyy
0M} JO 19318 € JO J[o4 5B

‘pouopuEqe [[os pue ENOY

‘[oAwad ur Spud o

“[[om uol3BAIASqQ)

L By
6 ‘3ny
<oeeop
“eeeiop
L '8y
6 Bny
ceeiop

g1 .u:<

gy

1 'any
L1 8ny
1 8oy

1% '3ny
<oevop
61 '3ny

“-op
L1y
61 ‘Bny
§1 "8ny

8L

0L

60°
L
[
L9
90°
ISt
181
61

0g

Sy
0s’

99°
68"
n
e’

L2

291
gl
172
oLl
£91

9g1

¥l
qet

€Tl
261

¥L1
LA
801

|22
681

o
.
o
'T6L'T
'28L'¢

9

£8L°3

8:L'%

062

$L2°¢
98L°¢

006°2
L8'2

£48°2
1e'g

61 +
(A
1+
9 +
9 +

z +

¢ 1+
ot +

*0'Fe—
0+
s+

*apis jeea ‘uised jo do]

aps 180m ‘Butswd Jo do
..-—:.l, e .QL:_CE

“)%8a ‘Buiswo jo do,
-..m:m

8oy nos ‘Juised jo doj,

*opIs Yiiou ‘Buised jo doj,

tropis 3w ‘3misen jo dog,
“apIs ISRIYIN0S

-nos ‘Juises jo do ],
“apIs ISaMINos

-4Inos ‘auises jo do g,

IPts 3834 ‘Buiso jo do
APIS ISRAINOS
-qinos "Buises jo doJ,

“oprs Yliou
‘aseq 91212u0d Jo do |,

“+-op

apis 1saa ‘Fursed jo do
Tapis

33 ‘dwepd 19938 jo do]
TIPIR J¥aamijidou

‘adtd 03 1X0t 42403 jo doJ,

apts

189M4)N0s ‘Buwiswo jo do |,
OIS rom o

‘adid jsutedy 10400 jo do]

suaydou ‘3uiswy jo doJ,

*tapis 1880 ‘Juiswd jo do,
*apis yanos ‘Buiswd jo doy,
* " epis yinos ‘Buiged jo do,
192 139409 (UM &.«.. .._ﬂ..—.

IPIS IBvaYou
‘Buivey jo doj uv yujoN

o ow
g 88 « m

MO
A0
AD

“op

cop

op

‘op

“op

op

op
op

op

op

op
op

op

op

op

- W W oW

n

»

- -

€2
)

L= - - T

S il
+1x1
+ON1
tgll
t g1
bol1

*=NL

*§S1
I
I+#x1

061

|

¢
_ ufl
Igel
+ Q¢

Pl

9 ¢l
t¢1e
*082

....... é
C m.
op
op

Top

................ op

op

uteld puwyd )

MULP pu

op

adogs sarg

adoys Sovy
sunp mo’|

op

op
op
op
op
op

op *.

'
Op  poows

[10IQ Ruuy .

HONUY

:_'/.r_;/‘ ﬂm —m
UORpIRY Y o
MHT

LRHITG IRPLITN

HT' M

¥\ uyor

Uy puwp [niag
TUueRuyop Y
¥ 39 sproyy v

suof wy

ECTS I BN

TMONRY LY
THOAYMN GO H N
‘sruoy] Yy r

uollwRy ‘g ‘Y

uswydnkg P YIgyue
TN Td
B e |

(g Q0K 1IN JQ
NI
IR R I
DR SN AN
NI

&l

S MN MR
AN
VAN UN

o1 s

R N
617398 My M

IS MR MN
F

RN NN
EREKEKIN
..... < ax
TR N AN

U1 WE N (Q
M US I8

PEHN AN
217938 MQ HS
08 MS AS
TR MN AN

TT01 9 MN MN
MsyYrSIsd

Google



“surod ‘Tmia
or 4nf | zo'sT ge6L'z | €1 + ..E.so:qu.n!.iao..caoﬁ 8'a | M -h[e juany | ¢ es sererstecmmdpoory [ttt Bmg g |ttt 1z 998 MG HS
*apI8 18N GO
4 ZUBnY § 2p°291 |2 W87 | €1 +|  durep (3038 rews jo dog, a|ao | g €81 " "[Tea £afrea jo a8py |*° " "3300g U B |T° U9 298 IS MN
‘pat
-nodoum aemoq tuaodq YN | 8 ‘BnY | 697081 1€°8¢8'Z | g +| ' aps qisou ‘Suwmo jo dog, N [ AD | 4 FBI  TTTTITTIIIIT0p |ttt URBIOp T Y |t g 098 MG S
*3pIE 1989
17BNy G QIUI8T €°288'C | 9 + .a.:o:.am-u ‘Bumedjodol | §'a [ MO | g +00z ! TTrrrrop |ttt yquadg weg (ot U0T "0 MN MN
*Bof 998 ‘(PAsIE awrwod
at §pua [[aa ipayord [aaedd
fom} Jo A1y3eq Jo s vse | o1 Amng | o0'p81 || o e aowpme paerp |-ooeeoe|eeesees oo eiop | ogp ¥z |oeeeeeeooop |0 sE e qioN :“»._.;.Sm,ﬁ./f,.wm
"M s8 Y S e
*19pI0 BUryIom Ui [jrruputs apig ¢
anq paidnadoun sasnoy |***tcrop | 267881 |t e+ 158agynos ‘Bused jo doj, N [MAD ["""mmop | ¢ €61 (7t rrurerd puerdy |t Urwosswiy ABpY |TUUUUgg 098 MN MN
‘pauopueqy | 0z 3ny | 9118 | Tt g +| --opte ginos 4ayanq jo dog, N ) S I 918 TTTUTUOpIAD Jo 3821 | Ut uemgAneg M L 0T 0g 1998 MS IS
ercop | 287641 [2W08'3 | §° 4| -opmmnos‘Bumwojodoy | §'q | MO |vcvop | g wLZ [rrrreeeeeeeop | tmnpeg g op |ttt 02 098 Mg WS
6 30y | or¥8t j8£08'2 | o | o op | gt@ | o [rrrep | b 891 [rrerereereeerop [ amayramasg | pg 008 e M
g gy | 10'su1 j1epe'z | o “*apis qyou ‘Buwwa jodoy, | S'a | MO |vcccvop | p wORL | orrrrreeeeeop | osouop Koy |21 098 N AN
"apis quUﬂnSOW
iy | sesor sz | 3+ -yanos ‘Huwseo jo doy, | §'a | w0 |vrvep | b w007 |Ttttrrrttreeoop |ttteruonen W |ttt bl 098 48 WS
g ‘anv | se'se1 lozis'z | g 4| ceeeeeenop | g | o o | BLL |oreeeeeeeop [ asmeay g g |t g1 008 Mg AS
op| 213y | 10201 | o <+ *apis 1952 ‘Bmiewo jo do, N | mo |eeeop | g Qo [rrrrreeeop | mama o |y 0es qu AR
‘MUY S s d
*apIs 310U ‘Bursed jo
TUTTOP | OLTILL 107292 | 01 +| dojjwpuquojuiedisey | S'A | MO TP | g R 72 S A Op | AN M LS |79 a8 N AN
ooevop | Op88L|"ttttt| 20 4| -opmginos‘Buweajodor | g'a | D |ccvop | e bz F op | IBYS H R S | eE 098 98 AN
patenudIIIpuUn
68| Buse) g By [ 987261 [ 7| g 4| capwises ‘Bursed jodoyl, | §'A AD CLERIGEIRTE ¢ ¥ (1) |+g61 cerrrrrwedpuedy |ttt Io0yg |ttt U ge t098 M MS
pus auadold TMIEY TSl
(+399)) 129))
jutod (3333) em:f:m
2l | sl [pum(—)
0861 [TINSTIUN | Tgg mopaq uozoy (saqour) | (3393)
oewy ‘Juau BO1Q | aa0qe | a0 (+) ondinssq 188 | 1o Buueaq 1{o4 jo 12K uotisod JULUI} 4O IIUM() NOLLYJO'[
-oanswom | UM augnp | asoqe J0 98] |poyaajy EILT 19 Jo awydeanodog,
jo e ﬁmwa UYYsI(Y redauigg -weig | qadoq

1uiod Butmesay

panuuoy—sesusy

‘AIUNo) PIBAMIS U1 S[9M PO[|UP JO Plodvy—QT @1uv],

N M e W ® o~ o



Original from
UNIVERSITY OF CALIFORNIA

Digitized by Google

91b006-sn-pdgasn  ssedoe/bio 1snuiTyrey mmm//:dily / pazritbrp-916009 ‘sa3els palTun Syl UT uTewoq OT1qnd
€G0L18€9°TON/LZ0T/32u 21puey 1py//:sdizy / L1W9 ZO:TZ 0Z-60-ETOT UO Sesuey 4o AJTSIOATUN 1B pa}edausy



"IpIS 1Ewa 1 !
I1 AInp | geSLr (L7228°C | §° +| -mnos‘asuvg utopoyjodoy | g q A | o op: g +LLl crorured puedy o AAEgCH L | eE S N AS | 68
BuIR®d Yout-g IPISUL Patamo| ‘opis )
Buised pajysdojaad Juiof oy op | 1L°681 |2'928'C 0 18IMydon ‘3uises jo do | s'a M | op [} a6l Tt opl - CUUOBIUUAL | LT 998 JS AN 88
IPIS IFBIYINOK !
2T AInf | 02 061 &.Ew.m Yy - -qinos ‘3usw Jo do, | §'A A op ' g 961 e Crrrrop e foAI g Y L 97 98 YN N 18
TTTUTTOp | 09°¥81 (1°268°3 | g1 4| T U9pissom ‘uotun jodog | §‘q MD T op, ¢ =zlz | T ap frrrrr Trald Aoy | UL SN MN | 98
€2 AINf | OF'281 ¥ €¥8'T | & | " opissam ‘Buses jodol | §'Q AD op f 1 *g0¢ | Op | TTTTTITIuRMQ Y TG S N MN | €S
apis e
op 0z AIop | ¥%°8L1 0°698'T 01 +| -Yro0u-158a ‘Butses jo doj, Z| AD ccrop ¢ ) £0T op B Og] aEdIogy 0g "08 S M S
*PIuUOpuUBqR SIWIAL] | op | 0b°¥6I |6°€28'C| O T Tapis isee ‘Buise) jo dog, N MDD rop | g 661 | sttt op | tuosduioy ] Y _ ..... 6l u s | es
EIUEREH
0g SInf | 65681 {6°€98'2 'L +| -qinos-jsva ‘Buisey jo doj, s'g A top ¢ 161 oo op | ruesdumy o sagy 7 AAAAA ST s e | 28
ipRisnuALgpun;
0z SInf | 06 21 (8°9%8°'2 L° | " epis yinos ‘Burses jo doj, s'a A0 [4 =921 . vosdioyp ugop [ Q] "0a% AN M N 18
“apis Jsam
€2 AL {6011 | 7T €71 4| ‘Bulsed ul yajou jo wojjog N N wniany g 9 +e1 : 1 .......... IS A TR 00 N AN 08
..::ﬂ quﬂ..;:_Cv, :Ta..m | o
*Addns [coyas pue Joo)g Z1°3ny | oG ¥El (8°206'2 1" +| -yinos a0y [epsw jodoy | §'d A top € 9F1 A ounp puey | LJUnoy prEsog | AN 6!
£z Amne | s1°sel 16°908°C ¥ -+| " apis qinos ‘Buised jo doj, S'd 7 00 T AR s op 9 oSl o RaRA Jo w00,y Afloar) g N ‘_M/‘ 'V/. (823
M S YN by
|
1€ &Inf | S¥°90C 16°118°C 1 +| " -apis isea ‘Burses jo doj, s‘a MO | AR op [ ‘sz | CTUUOUNp puRg [cccumang) of cposIjy L
eeLl-g
JO 88 p3I0dal [9A3] 0jBM ! )
£80f s ‘puvs ut pia 2 SRR R R e | St I
tA1opeq Ui S|om doyjodno | 0018 [F00L'S | O T dUELINS pue] N J op gl M adojs Saqpe g O A FC 08 AN MS | 9L
*3pIS idou ‘Fused paienuAtegIpun: _
6°3Iny | £¢°02% 10'988'2 | & + punode Jopajoud (8 | §'A A DO ¢ _H:Nn 0 AN MY SL
put ouwdotd ; SRV
T - (»39)) (1233) *
ud (- gaay .Z&._uzm |
0161 dut [0a9]  |puvel (—) |
. :__ﬁn_ SINSTOUL | gy molaq uonydussaqg uozuoy W) | (g ra
syreway 2ANFEIL | o[ aauge | 10 (4) (damw | g0 oM jo | qs wonsod NG 10 JIUR( NOILYOO7] uo
joaed ..uh.drs WRg | 2a0qe JO 3] | POyl A PRI T fuasodog, oN
3IUY)ST, -wE | Qdeq
s [ | ﬁ
- = | | .
jutod Butanseafy ‘ ! i i




op

op

op
op

op

‘paidnaooun sasnuald

*pajjusweIp J0j8Ad|Y
‘sNnp puvs 3uoure

aoud Mo ¥ ut pajBMIg

op

*poIdnoooun 8N WALY

‘pardnoooun saw oLy

$1 4inp
61 4&np
8 Ang
03 Aif

op
6 Ao
61 £Inf

“op

¥2 Anp
g1 -y

62 Anp
coop
---op
eop
op

og &g
18 4ng
o¢ A

gz Amnr
ot Amp

2¢ 911
€¥'812
¥¥°L02
16°112
18802
90°202
21°2ee

¥ L12

2L°3T8
o1'¥¢

9Ll
A4

267 1¢€1
20°111
6§ 211
8% 901
¥e 'Sl
28801
ge 1%l
L8 €€l
1428221
¢ 81

6°66.'¢
S 86L'C
| 84 I 4
9°L8L'2
Lerl'e
8°12L'2

0(28°¢
5 IPR'Z

+ +

o+ o+ o+

*IPIS 1M

-iinos ‘dww)d uodt jo doj,

e e op

*** - apis jsed ‘Butsed jo doj,
(IR IFBI

‘duiswa jo doy ut jutod mop
TIpIs 1FRIYINOE

~1583 ‘Y00[( Juow jo do,
*IPIs JSTIYIN0S

~4nos ‘Butsed uo juitod mo

apts y3dou ‘Buised ut yajoN

*3pIs 1FBIYIIOU-YIOU
‘39400 [u)otu-3a9ys jo dog,

“apIs 1Ly 1I0u
-yjou ‘Juises jo do,

©**ap1s yidou ‘Buiswd jo doj,
o apis 1saM ‘Butsey Jo dog,

apis jseaynos
-qinos ‘ojuny jo dog,

*IPIS IMAYIT S

-1sam ‘durswo jo no.ﬁ
“apIS IIMYILOS

-yinos ‘suised jo dojJ,
...—‘:m

Jseayjdou ‘Juise jo doj,
opis

15e2 ‘durepo uoat jo doj,

*apis 9983 ‘Butsed jo doj,
*apis j5%0

-yIn08 ‘20400 [¥30w jo doJ,
‘apis

Jweayynos ‘uotun jo dog,
“apis

1%0m ‘dwivp ysou jo dog,

“opIs omYyIIoU

-q1dou ‘Buvo jo doj,
opi 1RImMyIIon

~1mom ‘dumo jo dojg,

A%
A%D
M0
A
MO

MO
MO
)
M0
M0
A'D
A0
MmO
M0
M0

........ ©op
prRiualagipun

Id

I

ﬁ:ﬂ RAIRNL
whAn(e

I uooay

paenuatsipun
IUIIOISI[ [
M::“ .w:bo.u:nm
wnianm
JLERD) b

n v oL W v v W

@

)

@)

+eh1L
+52
+31e
R4
13¢4
e

*0L%

122

-+ 952

+4€

gzl
+o”

1421
141
¥l
gil
131
€51
8F1
€01

g6l

161

Troop

.......... S op
............ “+--op
T urydpooj |

° oun pun

wr . pued )

f
St ysavpy wnuy

|
coymisq [IG3V. BT il

SNINY eI

Inq 1y
a4 ur

Sjodasny Y|

B R RULATS]

“urg] purrg

Py

S uor] ugop

HOX TSI

SRR Y
CTaymsy amy gy

TTIRIS X0) TN )
U lesadopy g
TTrrrrrang uyop
..... S En{RIIE 1)
fjarog “Imssy | ju0)
Buneay puesuaydalg
NN Y MK
* Kquerwr] vuuy

mwelg M 0D

TrroAaes cH L

BI T2 MY MR
LT g N

..... BREKRKN

1 WSS WS

[ASRELIR BN

01 7998 MY AN

Moy US el

..... O 7298 MR MN

RIS ALK MS

L89S N AN

..... 0€ 7995 AN My
TTTTECT9E AN S
TTUTTIE s NS US
B ) RECLEC BN
TSI YN AN

TTUTTUL0 MR MS
HISYUSSS L

TR MR MN
..... €€ 00 M8 M5

ni
oIt
601
501
Lot
901
(g01)

Fo1

£01
@n

101
001)

16
oe

Go 8]0



[ro# vonediin pouopusqy QI °Buy | 20°¥CL 8°B8'T [ ¥ +| ‘opw yinos J:u.”w.h.a_%,uwh N [ON°L |""7rrrrrrrop |6l +0sg rerrererrereesteop o ag daaq [RRGYT | U Ut 2L 19S AN MN
...»mv_v. 189m
‘patdnodoun sstwmaly | g1 A | 00°CHT |F°288°Z | ¥ 4| -9som ‘duep :.“v_..__mu%awc.r N MDD |"rrrrop | g +0s1 cerrrrteured puspdy) 1ttt tPIOQIW Y |TCUULE 098 MN AN
-apis 152
81 Amp | o¥ 281 |9°208'8 | ©° -}lou-s€d ‘Fuiswd ..ﬂa%.—. a MAD |crcrop| ¢ 12t TTeeccc-ounp puvg sdwelg LI |17 U9Z 998 MS MS
*IpIs 1saMYIno
TTCTUUUOp | 20°L61 (9°188°T [ €1 +| -159m “Jos0o (spw jodog, [ §Qq MO |ttop g $02 ‘uteld pueidy |0 UAIGVIRY AqiLag [Tt TEZ 1998 MN AN
*978aM009UI oq A -adid }o opis 3sE
judmaunsRow'ulsed Ayea] [ g1 Amf | 627821 ttl 2l 4| -ypou-guoutdwepjodoy, | §'@ M0 Topy g +281 TTTTTTTTUIoUnp pusg  tUUUUUTORNMAY 0D |TTUTTeT 08 S MS
"OpIs 15am
"perdnodoun sasumaLy | C 0P | 81311 |£°998°2 | T°1 +| -yiiou-3sda ‘uoun jo doj, N Mo |[rtop | g oSt TTITTIITTTIIIIIUIO0P |UOSUIANG TN TSI (77T T0Z T998 N HS
‘apis
1T A | 82800 |ttt g+ 24qyn0s Buised jo dog, | §°'q MO |Trrrop | g *991 TrrrorterriiTiotiop |tUUWANG F CH CSAN (CUUCUULI 098 IS MS
ceeseoop [ ggwpr || o -+ ~apis qinos ‘Buisws jo doy, | §°q AD SEERETETERr 3 (S g1l “ereseseresessnop | oqueqng g CSHE | CT Q1 998 A MS
APIS oM Ao 10 S4py
21 Amp (89002 [0 | O ~{340U ‘13402 [8jouw jo dog, g'a MO |"ctop | ¢ *808 srrereureyd paepd)) (pue uesuspgy O T | FL 998 N MN
*1990] 081 Yidap pajsedoy 6% Amnp | 827981 (8°088'T 6 +| ...ov_mm..wao ‘Butsed jo doj, s‘a MDD |"topy @ SFI1 TTUtTTUUlounp pueg [9)8IS JA[ZIUAD R L | L8 N S
“Bulsed Jaao 1yanq
21 Anp | 11°692 o+ uo azguey a[puey jo doJ, s‘a MDD |"rrcrrop | g 182 Ttrrrounp puss ydp | uosdwoy] cy csapy g9 S MS
ELAME | P9°LIZ |77ttt 0°1 4| ropisysam ‘Buwed jodoy, | §°'Q MDD |rrop g *0¥2 ‘uteyd pueid)) TUORBUpE D | 00 ] MG
MEEUSIS L
op | 8 AMp|S611Z |9°0SL°'T | 9° | opis yinos ‘Buises jo doj, N . o] Trrrrtttrep g +¥ig TrrrTrrrTITITTUTOP |TtUUTTTTTHANCSY T UHE 908 S UN
apts
op| oz Ame|womr || g+ i10u *areid uoat jo dog, N A crereiigp g 081 Sereseeneinngp Ly ey |20 0008 MG ME
IPIS ISTIYIN0S
ST Amp | 867281 |t ¥+ -gynos ‘Juisw jodo, | §°'d MDD |"rep g *061 Trrrrrrrrtrrop oo rApS) payjy 08 098 MS MN
€ Iy | SEFOZ |1°0FL'T | O “opis yinos ‘Bused Jo dog, | §'qQ MO | trop g 912 . ‘op rrorsleqng g |07 UEg 98 Y8 ds
*9pts yseoypou ‘dueyy palenuaagipun
*patdnodoun sastuaL] T2 AInf | L6°80C (69913 | &1 +| povs saoqe uotun jo dof, N A IUII0ISI] g Q)| etz TTTTUiTTiaunp pueg | CHOPY mded edopag |t 38 7098 AN MN
pug 3u0; | f ‘Mt Y NISd
(»399))
o..:ca (199) om_wmxm
001 Bt PAdl |pur] (—)
WoW | meow | o0 13.c ) uotjd 11083, o0 sagour) 23})
~aInsgow 019 1q hdiosaq q (sagaur) | (309§
syIsmay 0 018 201G | gp0qe | g0 (+) pea | g jo o Jo [{EEY aotysod 1UBUY) 10 JAUMQ NOILVDOT
e O R TD G T Jo 98] | poyiajy ! FIH 10 orydeasodog,
aamwa awueysi(q [edioutsg -meq | daq

jutod Bunmnsesjy

911
s
123
[€489]
(43

PInuIJuoy- <ESUBY CAIUN0D PIBMIG UL S| PI[UP JO PLoRY—0T @4y,

Google



-00 posn [oa ¢ perdnocoun

Bwmp[mg 3nq pImLe; puv]
op
op
op
*perdnadoun sesturdly
100q28 oY P! sanddng
*perdnadoun ssTwAy

‘(94 WOJ) UARIPYILA
adid ¢ perdnaooun sesTuesy

*Soj 008 {§g

-L-9 VoM 'V “H 4q poin

-UR0W [0AQ] S2}0M (STOMA
€ Jo £1077%q JO g ‘ON II°M

01°28T j2°0¥L'C
26902 (9°€EL°T
oF IVl [9°79L°C
86091 |-
3L°981 [298L°8
$L°98T |€°00L°C
¥0°00Z (9°€89'C
€2°12% [2°919'S
TH'80% [3°€89°C
PPPr el EERTERTR
owew ........
82°9L |9°016'¢
¥1°00T |1°9¥6°C
89°201 (9°8€6'C
e8|
g 101 |
woor |
9601 |-

§L°L01 |2°686°C
187911 [8°206'C
e2°6IT [¥°926°S
ceser |
0008l |t

o191t lo'898°‘e

g1+
g1+
T+
e +
ot +

I+
T+

yi+

****opis Y3008 ‘uorun jo dog,

** - opm 49%9 ‘Bured jo dog,

*opIs JFvaMI0U
-qje0u ‘Buised jo doJ,

oprs 38om ‘Sumswd jo doj,
*apIs §90m
'[Py uwox jo wu jo dog,

-apis
3my0u ‘exonq Jo dog,
‘apm
19eagI0u ‘Buises jo dog,
*3pIB 19 MYIN0S-18IM
‘Bursed jo doj uo jutod Moy
*9pi8 38MqYI0u
-q3ou ‘Bureed jo doj,
‘OpIs RMYINOs
-qynos ‘Suiswd jo dog,

“opm

qIn08 ‘19409 [ejou jo dog,
“opms

5% ‘durepo uodt jo dog,

*** opie 99ed ‘Butsed jo doj,
‘apis

1som3nos ‘Buises jo dog,
‘apIe 15834IN08

-yjnos ‘Buised jo doj,
‘apw

192Mq3n08 ‘Burses jo dog,

..... oprs %0 ‘p x g jo doj,
“opm

1%0M ‘durep uopooa jo dog,
‘opts 1S9A o8

‘Sutswd jo doj uo jutod Mo
‘opie

190 “dwred uapooa jo dog,

op

‘opi®
4#%ey3nos ‘Butewd jo doj,

*opIs 19wo
-q3rou ‘dwep codt jo dog,

8‘a
8‘a

8'a’

A0
). o)
M0
A0

MD
M0
M0
MO
A

A
M0

S
<
w w v v

()]

w N N v W

@
Q@)

(€))

-}
°
© 1 B W 0w WV B © W W W

+881

LIT
LR
+991

*Ll1T
1ne
+62%
822
80%

g6
€6
+901
br4
601
+g01

eel
1448
*0¢1
114

+o0g1

*909
s8It

.......... s;_;_am
........ ureld pusidy)
.......... ounp pusg

........ ured pusidy

....... uosdwoyy, g
‘Um0

‘MMM g H fueua
“PIUPRY NV
**queg puv [R1pay
....... MAJIT M T
‘U001
Jo 83po] owy
"0 "su] ajr] stour|
" Yuvg pue] [e1apa]
......... sgonig 1)
........ o3y )

“ajweg puv] [e1pay

' T8 32 Saure 9pnvjy
..... 43uno)) presag
....... UOIRE Y M
...... Sunaen 10

........... nug g,
SUIANG pue Buneayy
.......... alqouy ‘B
........ By9%d *f g
...... O[qaLTY] JOWOR]

........ 48v7 a3png

..... 01 998 MN MN | S
,,,,, €1°098 A\S MN | 19
....... 9098 YIS MS | 0§
Trrgods MN MN | 6V
....... Z8 IS AN | 8Y
‘MesyrSsed
..... 81298 AN AN | IF
...... G198 N HS | (9¥1
RIS N MS | SF
..... 11008 wN AN | ¥
...... oo M N | eF
TCMIeYSsel
...... 9€ '8 MS FS | ¥
...... €€ 998 MG M8 | (1¥1
...... 18798 gN dS | OF
..... 8C 08 IN MN | 6¢
..... 92 298 MS MN | 8¢
....... £¢0W S AS | L€
..... LT MN AN | 98
...... I8 N N | $€
..... 0138 MSMS | ¥
...... L8 MN MN | (€8
CanhRRE e
...... ceo® M MS | 1€

...... zg 000 AN HB | (0T
..... gg oot AN MN | 621

Google



399} Ul WAIB SPAI] Jajum popodal ey

puny puv ‘syiud) ‘139} Ul USALR S[9Ad] JIjBM DAMSEIIN

‘Y
}o018 ‘g fpuadre ‘Y :A[ddne onqnd ‘g lem ut jou ‘N !uoneBuLN ‘1 {ongewop ‘qQ ‘8
‘ouiBus wweys ‘g {auBus B3 jminjeu ‘ON JulBua duljosed ‘D) !Jojow JOP ‘g puwy ‘H (pulm ‘A\ :Jemod duiqun} ‘J, ‘eucu ‘N ‘Ipw[Ld ‘D :sdung 2
*6 OIQUL Ul UAALR 81 JA1%A JO RISA[BUN IBY) $BIPUI sIYIgesed Ul BQWNN T
odud j0
op e op | 99-001 |o'528'e | & — °_..-.z.-c...unkx._=ﬂn N | mo | opl 9 @) [4orr | op |+ “uospreyory w10 | +cc Lo ag AN |
.vmagsg !.g ....... °‘ 3." °-§.a ﬂ. + i‘g aﬂ"gh z B -o ........... 0‘ n Cv 8“ ................. Ov ...... B—NU.—'H; -m‘ .E ...... uﬂ 8 mw Bz —m
....... 8 €888 BQB.N L + iﬂ-ﬁsg*e.—- w.Q B.nu ...........Ov 9 1ot R RAAARLEREE - 3 EEEEREREREEEE |- Y | n—.vO.NZBZ (13
9z Amr | 627901 (9'8¥8' | ¢ +| - -opmwwm‘Bumwjodor | g'a | Mo | op| ¢ FRTC S IEERRRPLPTITEPIRR: op [rreree spog g | o-xegs Mg | 6
iinﬂﬁh& *pIs JRAYLIOU
ojea opuod 0y pen | g1y (80728 [8°226°T( 21 + ‘Sumes jo doj ut gON N N |7 op| g1 jegel |ttt ounp pusg |“°CC 0D D) [v1aqIT k:m.mom%w»m—az 8¢
‘OpIs 15%agilou
g &me | o162t Jo'szs'z | o v Bumwjodoy, | g'a | mD |t op| ¢ o ERTEPTPTIPEP RIS op frereeees wophug g |00 91908 MN M8 | 8
*3pa0 “Opm JeeaqL0n
.§3§§3 st omr | ogog | z + -q0u ‘Suww Jo dog, alamao [ op| ¢ T TR ITEIT LS op [rreeeee e phoprp |1 goe uN M8 | 9
-ARID (LA 9JDUTT ¥ SUO]
;I3 081 protk 07 porodad . e alon | or  loreer |oeeeeee
{o[PM peOITRI[eIAe JoSuQ |1ttt 00 ¥gL | et 0° [rreeeereeeeees aowpns puwy T gLl op| o1 PR B CRRERRERARRRTREES oplyuw-d®1uD| pooow N EN | 99
m— h—ﬂﬁ Nqaﬁ ........ — + ...... 0@-.@.8 st gk. AH B .o ........... Q‘ ﬂ 'S— ........ ﬂ_.—n vﬂﬂ.—ﬁ: ......... %m .x ...... ‘ 0 ﬂz Bz :
PSR gIpun
QU0
poxdnacoun wevmwrg | 8 4mp | gorupr oo & +| *-opm yinos ‘Buwes jo dog, N | m0 | pusoussong | ¢ TS O EEPPIPRTR ounp pueg |-+ -mesuopiom @ 1 kﬁmwwo-mﬂ.z MN| &
q e
(+399)) (3905)
oKl ...-ﬂ_» (199)) | wowpms
qow | meem| P (PUV()
oyewey I | moaq o“.nn 0 (+ vorydusseq sea | o !_.:l“ Aﬂ wl% aﬁv worsod 3UvTe) 20 2PuMQ) NOLLYOO] <
et L3 2931 +
Jo0RQ | mas | gty | asoqe jooun [pomap| e me | o omdudodo], o]
e s dpuug -uwq | qdeq
Japd Saumeee iy

Papnpuo)—4uSURY] ‘AWUNCD PIEAag Ul S[PA POUP JO PICOY—OL ITAV],

Google



Seward County, Kansas

WELL LOGS

99

Listed in the following pages are the logs of 35 test holes and
wells in Seward County, including 23 test holes drilled by the State
Geological Survey. The locations of these test holes are shown in

Plate 3.

1. Sample log of test hole 1 at the NW cor. sec. 6, T. 81 S., R. 30 W., Meade
County, dnlled by State Geological Survey, 1940. Surface altitude, 2,795+

feet. (Samples studied by Perry M. McNally and John C. Frye.)

Thickness,
feet

Soil, Brown ........ciiiiiiiiii s

QuaternaRY AND TERTIARY—Pleistocene and Pliocene
Silt and sand, fine, gray tan ............ioiiienl.
Sand, fine to medium, brown .................0....
Sand, fine, and silt; contains gray-tan caliche ........
Sand and silt, brown, cemented with caliche ........
Sand and gravel, brown ...........cceiiiiiiiininnn.
8ilt, fine sand, and caliche .................ccevvnnnnn
Sand and gravel, brown and tan ....................
Sand, fine, silt, and caliche; gray ....................
Silt, fine sand, and caliche; gray ....................
Sand, gray .. .oiiiiiiiiiiiie i it it i
Sand, fine, silt, and caliche; pink tan ...............
Sand, brown .........ciciiiiiiiiiiiei e
Sand and some silt; cemented with caliche ..........
Silt, fine sand, and caliche; tan ....................

Sand, fine, silt, and caliche; gray; contains remains of -

Plants ... i i i e
Silt, caliche, and fine sand; tan and gray ............
Caliche, silt, and fine sand; yellow; contains thin beds

of sandstone and pink-red beds of clay ...........

1

17

Depth,
feet

1

12
91
97
108
110

360
391
412

431
450
470

490
513

530

2. S8ample log of test hole 2 at the SW cor. sec. 36, T. 30 8., R. 32 W., Has-
kell County, drilled by State Geological Survey, 1943. Surface altitude,
2837 feet. (Samples studied by James B. Cooper, Oscar S. Fent, and

Thad G. McLaughlin.)
Soil, sandy, gray black ............ it
QUATERNARY AND TERTIARY—Pleistocene and Pliocene

8ilt, micaceous, soft, yellow gray ..........cccveenn

Silt, micaccous, soft, red brown; contains fine sand
and caliche ...c.oviiiiieiiei it

Silt, compact, buff and tan; contains fine to coarse
sand, caliche, and fine gravel .............. ... ...

Sand, medium to fine; contains soft tan silt and
cBliche ..o i e e

Clay, compact, light buff; contains fine sand ........

Google

Thickness,

feet
1.5

3.5

5

39

6
9
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Geological Survey of Kansas

Silt, compact, red tan; contains fine to coarse sand,
fine gravel, and caliche ................cooviil,
Sand and gravel, coarse to fine; contains soft gray to
tan and yellow-brown silt and caliche ............
Silt, soft, yellow brown .............ccciviinnn....
Gravel, fine to coarse, and medium to coarse sand ...
Silt, clayey, soft, yellow buff; contains coarse to fine
sand and caliche ..............coiiiiiiiiina.,
Sand and gravel, coarse to fine; contains soft buff and

yellow-gray silt ........covviiiiiiiiiiiiiiiiiia.,
Silt, soft, gray; contains medium to fine sand .......
Sand, coarse to fine; contains fine to medium gravel
and soft gray silt ... ... i,
Clay and silt, soft, blue gray; contains fine sand......
Sand, coarse to fine, gray; contains medium to fine
gravel ... e
Clay and silt. compact, partly laminated, blue gray to
gray and buff; contains fine sand....... RN
Sand, coarse to fine, and medium to fine gravel; con-
tains caliche ....... ... ... .. . i,
Silt, soft, white to pink; contains coarse to fine sand
and caliche ..........coiiiiiiiiiiiiiniiiiaennn
Caliche and soft light-brown silt; contains medium to
fine gravel and coarse to fine sand..... Ceeeeeeaas
Clay, compact, tan; contains fine to medium sand and
PYTItE ottt ittt cenes
Sand, fine-grained, consolidated; contains caliche.....
Silt, fine sandy, partly consolidated, cream to tan; con-
taing caliche ....... .. . i iiiiiiiiiiiiiii,
Sand, fine to medium, partly cemented; contains a lit-
tle silt ................. e eeereiiieees e ..

PrrM1aAN—Guadalupian

Siltstone, brick red ... ... .. i

Thickness,
feet

18

63

24
23

67

31

14

27

27
26

25

21

14

Depth,
feet

1°2
135
140
154

217
226

250
273

278
345
376
390
417

444
470

495

516

530

3. Sample log of test hole 3 at the SW cor.sec. 81, T. 30 S, R. 32 W., Haskell
County, drillcd by State Geological Survey, 1943. Surface altitude, 2897
feet. (Samples studied by James B. Cooper, Oscar S. Fent, and Thad G.

MecLaughlin.)

QUATERNARY AND TEerTiARY—Pleistocene and Pliocene

Silt, clayey to sandy, dark brown to red brown; con-
tains caliche ... ... . . ..
Silt, soft, white and gray; contains fine to medium
211 4 T
Silt, sandy, compact, dark tan and gray; contains fine
gravel Lo e
Silt, soft, brown; contains fine to medium sand.......
Silt, compact, white and gray; contains cualiche.......

Google

Thickness,
Jeet

8

N

Depth,
feet

8
17
21

23
27



Seward County, Kansas 101

Thickness, Depth,

feet feet

8ilt, gray to light tan and brown; contains fine to me-

dium sand and caliche .....................l 10 37
Sand, red brown; contains fine to coarse gravel and

] 11 48
Silt, red brown and gray; contains very fine sand and

caliche .......ciiiiiiiiiiiiniiiiii i 3 51
Sand, red brown; contains fine gravel and silt........ 5 56
8ilt, soft, red brown; contains fine to medium sand... 4 60
Sand and gravel, coarse to fine................o..nn 28 88
Silt, compact, gray; contains coarse gravel and caliche, 8 96
Sand, yellow brown; contains fine to coarse gravel.... 4 100
Gravel, fine to coarse; contains silt.................. 10 110
Sand, coarse to fine; contains fine to medium gravel.. 13 123
Sand, coarse to fine; contains fine to medium gravel

and silt ... e 117 240
Gravel, fine to coarse, and coarse to medium sand;

contains soft light-gray silt...................... 6 246
Silt, soft, light gray; contains coarse to medium sand, 2 248
Gravel, medium to fine, and coarse to medium sand... 9 257
Silt, soft, yellow gray; contains coarse to fine sand.... 3 260
Gravel, fine to coarse, and coarse to medium sand;

contains silt, soft, gray and tan.................. 13 273
Silt, clayey, soft, yellow brown and light gray; con-

tains medium to fine sand...........oviiiin., 7 280
Sand and gravel, coarse to fine; contains a little silt

and caliche .........ccoiiiiiiiniiiiiiiiiinn., 113 393
Silt, soft, white and gray to buff and brown; contains

fine to coarse sand and gravel and nodules of

caliche ........c.oiiiiiiiiiiieitiinnnnnensneenenns 47 440
Clay, blocky, tan; contains caliche.................... 10 450
Silt, soft, white, and fine gravel; contains fine to coarse ’

sand and tan blocky clay..........cooviviinnen, 10 460
Sand, coarse to medium, consolidated; contains soft

light-gray silt ........ociiiiiiiiiniineiiieaanns 11 471
Silt, soft, blue gray to gray buff and yellow buff; con-

tains fine to coarse sand ..............oioiel, 24 495

Creraceous—Gulfian
Dakota formation

Clay, silty, soft, yellow, and very fine sand; contains

fine-grained yellow and brown sandstone......... 5 500
No sample recovered ...........coviviiiiiinnennn.. 10 510

Google



Geological Survey of Kansas

4. Sample log of test hole 4 at the SE cor. sec. 25, T. 81 8., R. 85 W., Stevens

County, drilled by State Geological Survey, 1943. Surface altitude, 2,967
feet. (Samples studied by Oscar S. Fent and Thad G. McLaughlin.)

Soil, sandy, gray black ...............ccoiiian...
QUATERNARY AND TERTIARY—Pleistocene and Pliocene
Silt, soft, gray to yellow gray and buff; contains fine
to medium sand .......... ...,
Sand, fine; contains soft gray-buff silt ..............
Silt, soft, gray buff and buff; contains fine to medium
sand and a little caliche .........................
Silt, clayey, yellow buff and buff; contains fine gravel,
fine to coarse sand, and caliche ...................
8ilt, soft, buff to light gray and pink; contains fine to
coarse sand, fine to medium gravel, and a little
caliche . o.cviiiiniivniinnineiaiiiienienneeiaaanns
Clay, silty, light tan; contains fine sand .............
Silt, in part clayey, white to buff and pink; contains
sand and gravel, fine to coarse, and caliche ........
Gravel, coarse to fine, and sand, coarse ..............
Silt, soft, yellow gray; contains fine gravel, fine to
coarse sand, and caliche .........................
Gravel, fine to medium, and sand, coarse to medium,
Silt, soft, buff and gray .........ccviiiiiiiiin.,
Gravel, fine to medium, and sand, coarse to medium,
Silt, soft, yellow and light gray; contains very fine
sand and caliche ............coiiiiiiiiiiiians,
Gravel, fine to coarse, and sand, coarse to medium;
contains a little silt ....... ... ..o oL,
Silt, soft, gray; contains medium to fine gravel and
coarse to fine sand ........... ... i iiiiiiiine.,
Gravel, fine to medium, and sand, coarse to fine; con-
tains a little silt and caliche .....................
Silt, soft, light gray; contains fine to coarse sand ....
Gravel, medium to fine, and sand. coarse to fine; con-
tains caliche ... ... i i i
Silt, soft; contains fine sand .......coi i,
Gravel, fine. and sand, coarse ........ccciviiiiiia.,
Silt, soft, buff; contains coarse to fine sand and caliche,
Gravel, medium to fine, and sand, coarse ...........
Silt, soft, buff and gray; contains fine to couarse sand.
fine to coarse gravel, and caliche ................
Silt, white to blue gray and buff; contains fine to
coarse sand and caliche ......... ... ... .ol
Creraceotrs—Gulfian
Dakota formation
Siltstone, soft, vellow buff; contains fine-grained yel-
low sandstone and ironstone .....................

Google

Thickness,

feet

2

22

Depth,
feet
2

24

43.5

81
134
156
165
182
183
192
205
238.5
246

287
287.5

308
313
317
322.6

404

480
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Thickness,  Depth,
Jeet

Sandstone, fine-grained, soft, and silt, compact; white fost

and yellow; contains ironstone ............c.c.vn.. 10 490
Silt, light yellow and white; contains very fine-

grained white sandstone ............cc.000iill. 7 497
Sandstone, fine-grained to very fine-grained, hard, and

silt, soft; white and yellow ...............c.vuets 3 500

Siltstone, in part clayey, soft, and sandstone, fine-
grained to very fine-grained; white to yellow; con-

tains ironstone ...........iiiiiiiiiniiiiiiiineienas 17 517
Clay, varicolored; contains yellow and red siltstone
and very fine-grained sandstone .................. 29 546
PerMaN—Guadalupian
Redbeds
Clay, dark red ....ccoovviinrieeeinnerenneerennnnnnn 4 550
Shale, hard, dark red; contains a little blue-gray shale, 10 560

8. Sample log of test hole 6 at the SE cor. sec. 24, T. 82 8., R. 85 W., Stevens
County, drilled by State Geological Survey, 1948. Surface altitude, 2,974
feet. (Samples studied by Oscar S. Fent and Thad G. McLaughlin.)

QUATERNARY—Recent

Thickness,  Depth,
Dune sand l;ee't'e“ j?et
Sand, medium to fine; contains light to dark-gray silt, 6 [

QuaTERNARY AND TERTIARY—Pleistocene and Pliocene
Silt, in part clayey, soft, buff to greenish gray and
gray; contains a little caliche and fine to medium

T3 Vo L 20 26
Sand, medium to fine; contains soft gray-white silt

and a little caliche..............ccciiivivieennn. 3 29
Silt, soft, buff and light tan; contains fine to coarse

sand and a little caliche ........................ 21 50
Sand, medium ......... ...l iiiiiiiiiiiiieaeee 3.5 53.5
Clay, silty, yellow gray ........cccoviiiiiininnnnnn.. 6.5 60
Sand, coarse to fine; contains fine gravel and soft gray

) L (] 66
Silt, soft, yellow gray; contains fine to medium sand.. 10 76
Sand, coarse to fine, and silt, soft, gray; contains ca-

L)« T 4 80
Sand and gravel; coarse to fine........ccvviuiiiinnnn 13 93
Silt, clayey, buff; contains fine sand, pink-buff clay,

and caliche ............. o i, 17 110
Clay, silty, buff .......... it iiiiiiieiininn, 7 117
Gravel and sand; coarse to fine; contains a little soft

White Silt .....eiii e 19 136
Silt, clayey, buff; contains fine sand and a little ca-

liche ..o i 4 140
Silt, compact, buff and pink; contains fine to coarse

sand and caliche .............coiiiiiiiiinnnn., 35 175

Google
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Thickness, Depth,

feet Jeet
Gravel, medium to fine; contains soft buff silt and
fine to coarse sand .........ccciiiiiiiiiiiiiennn, 14.5 189.5
8ilt, gray; contains fine gravel, fine to coarse sand, and
caliche ....ocvviiiiiiiiieiiinnirencnonncnnanes 10.5 200
Gravel, medium to fine, and sand, coarse; partly con-
solidated .......cooiviiiiiiiiiiiiiiiiiirieeans 20 220
Gravel, medium to fine, and sand, coarse; consolidated, 3 223
Silt, soft, gray brown; contains fine to coarse sand... 11 234
Sand, coarse to medium, and gravel, fine............. 5 239
8ilt, soft, yellow gray to tan and buff; contains fine to
medium sand and caliche ..................c.... 31 270
Clay, compact, blocky, brown and blue gray; contains
caliche ..........cceviiiieannn. e 10 280
Silt, clayey, buff to yellow gray and tan; contains very
fine to medium sand and caliche................ 30 310
Clay, compact, laminated, light blue gray; contains
soft tan silt and a little caliche.................. 70 380
Silt, soft, buff and tan; contains fine sand............ 40 420
Sand, coarse to fine; contains yellow-buff silt, fine to
medium gravel, and caliche ..................... 30 450
Silt, gray and buff; contains fine to medium sand and
a little caliche ...........coiiiiiiiiiiiiiiiiinnns 20.5 470.5
Gravel, fine, and sand, coarse to fine................. 6.5 477
Silt, soft to compact, light pink to buff; contains fine
to coarse sand and a little caliche................ 15 492
Silt, clayey, red and buff; contains sand and caliche. .. 5 497
PerM1aN—Guadalupian
Redbeds .
Siltstone, clayey, dark red ........ccoiiiiiiiiiia... 13 510

6. Sample log of test hole 6 at the NE cor. sec. 30, T. 33 S., R. 80 W., Meade
County, drilled by the State Geological Survey, 1940. Surface altitude,
2721 feet. (Samples studied by Perry McNally, John C. Frye, and

Charles C. Williams.) Thickness, Depth,
feet Jeet
Soil, sandy, brown ............ . i, 3 3
QUATERNARY AND TERTIARY—Pleistocene and Pliocene
Silt and fine sand, yellow brown .................... 5 8

Sand, fine to medium, brown
Sand, fine to medium, and silt; light gray; contains

caliche .ooviiriiii i i e 11.5 19.5
Clay, limy, light gray to white, and caliche ......... 7.5 27
Sand, fine, and silt, limy; contains caliche .......... 6 33
Silt, limy, and sand, fine ........c.oooiiiiiiiiieas, 10 43
Sand, fine, consolidated, brown ..................... 6 49
Sand, fine, light brown to brown; contains caliche and

71 AT 31 80

Google
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Silt, tan, calcareous, and sand, fine; contains tan

blocky €lay ..coviinririiiiiiiiiiii i
Sand, medium, to gravel, coarse; brown ............
8and, medium; contains silt and clay ...............
Sand, fine to coarse, gray to brown .................
Sand, fine to medium, brown and gray, and silt, limy,

BIBY o ttiuneiarrontonoatiatanactactonrennaanenn
Silt, fine sandy, BraY ....vvvieiiiernirrneirireeneens
Sand and gravel; contains fine sand ................
Sand, fine, yellow brown .............ccciiivuinnnn.
Clay, sandy, light gray ..........iccviiviiinnninn..
Silt, blue gray, and clay, sandy .....................
Sand, fine to medium, brown, and silt ..............
Silt, clay, and fine sand, light gray to brown ........
Sand, fine to coarse, brown ................0.o....
Clay, silty, blue gray, and fine sand ................
Silt, fine sand, and caliche ................co.oo....
Sand, fine, to gravel, medium ......................
Clay, blue gray, and 8ilt .........cocvirvinnnnnnnne.
Sand, fine, to gravel, medium; contains silt and ca-

L] T
Clay, silty to fine sandy, blue gray to tan ..........
Sand, tan .....ciiiiiiiii it
Clay, silty to fine sandy, blue gray and tan; contains

T 1 T
Sand, fine, to gravel, medium; gray and brown ......
Clay, silty to fine sandy, blue gray to buff and brown;

contains tan to buff silt ............. .. . ...
Sand, fine to coarse; contains silt and clay ..........
Silt, buff, and sand, fine .................aL.
Sand, fine, and silt, limy; contains caliche ..........
Sand, poorly sorted, silt, and caliche ................

Sand, medium, to gravel, fine; brown ............

PerM1aN—Guadalupian
Redbeds

Siltstone, maroon to brick red ....................

Thickness,
Jeet

13

54.5
7.5

35

10

9
50

2

7
11

3.5
16.5

3

4

3
17

2

49
4.5
3.5

24
55

31
14
19
22
12
10

105
Depth,
Jeet

93
147.5
155
190

200

259
261

279
282.5

309
326
328

377
381.5

409

495
509
528
550
562
572

580

7. Sample log of test hole 7 at the SE cor. sec. 156, T. 33 8., R. 31 W., drilled
by the State Geological Survey, 19j0. Surface altitude, 2743 feet.
(Samples studied by James B. Cooper and Frank E. Byrne.)

QUATERNARY—Recent
Dune sand

Sand, fine, brown .........coieiiiieiiiiiiiiiiinenn.

QUATERNARY AND TERTIARY—Pleistocene and Pliocene

Caliche and clay, light gray, silty, calcareous ........
Caliche, white to light gray ................... ...,
8and, fine, calcareous, brown, clay, silty, and caliche,

Google

Thickness,
feet

14

Depth,
feet

14

20
24
36
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Sand, fine, calcareous, brown ........................
Sand, medium, to gravel, fairly coarse; brown, poorly
703 o 7 AP
Sand, fine, calcareous, brown and gray; contains ca-
liche and gravel .........ccovviiiiiiiiiiiinrennen
Silt, sand, and gravel, medium; brown, poorly sorted,
Sand, fine, gray, very calcareous ..........c.cc00vnn.n
Sand and gravel; contains thin zones of caliche ....
Sand and gravel, poorly sorted; contains waterworn
pebbles of caliche; interbedded with fine calcareous
brown sand ........cciiiiiii ittt iienaen,
Sand and gravel, poorly sorted, brown ..............
Sand, medium, to gravel, fine; brown ...............
Sand and gravel, poorly sorted; interbedded with fine
calcareous sand and with thin mortar beds in basal
- o
Sand, medium and coarse, greenish brown, calcareous;
contains fine sand and silt..................00..e,
Sand, medium, to gravel, fine; brown................
Sand, fine, to gravel, coarse; brown, calcareous; con-
tains hard beds of caliche..........covvviiuenn.nn
Clay, silty and fine sandy, greenish brown............
Clay, fine sandy, calcareous, gray; contains sand,
gravel, and brown silty clay; three thin mortar
beds interbedded .............. . il
Sand, medium, to gravel, fine; brown; contains silty
ClaY it e e i e e,
Sand and gravel, brown; contains fine calcareous sand
and st L. i e
Sand, medium, to gravel, fine; brown................
Clay, silty to fine sandy, light blue gray..............
Sand, fine, to gravel, medium; brown................
Clay, silty to fine sandy, light blue gray..............
Sand, medium, to gravel, medium; brown............
Shale, silty, blue gray, and clay, silty to fine sandy;
contains hard limestone at top ...................
Sand, coarse, to gravel, medium; interbedded with
blue-egray thin-bedded shale ... ... . oo L
Shale, silty, dull green gray .......... ... .ol
Shale, silty, dull green and gray; interbedded with
limonite-stained sandstone ..............c0.iua...
Shale, silty, dull green gray, and sandstone, concre-
tionary, thin-bedded ... ... ... ol
Shale, green gray and blue gray, interbedded with
sandstone, concretionary, rusty brown; contains
some gravel ... ... .. i i i
Shale, silty, blue gray, green gray, and yellow; con-
tains chips of black carboniferous material........

Google

Thickness,
eet

10

39.5

2.5
25

13
10

10

8.5
8.5

60
10

10

30

Depth,
feet
43
50
59
62.5

67
71

80
90
110
149.5

162
177

190

220

270

208.5
307
362
370

430

450

480

489
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8. Sample log of test hole 8 in the SEY% SW% sec. 18, T. 33 S, R. 81 W,
dnlled by the State Geological Survey, 1940. Surface altitude 2,752
feet. (Samples studied by James B. Cooper and Frank E. Byrne.)

Thickness, Depth,

Jeet feet
Road fill ..oovnrvriiiiiii ittt ie e caenaas 3 3
QuaTeeNaRY—Recent
Dune sand
Sand, fine, dark brown ..........cciiiiiiiiiiiiiiiieas 2 5
Sand, fine, brown, calcareous ............ccooiiiiinnn 2 7
QuATERNARY AND TERTIARY—Pleistocene and Pliocene
Caliche and clay, brown; contains fine sand.......... 11 18
Silt and fine sand, light gray to greenish white, cal-
CATEOUS . .vevvennneenonnoncesonatsaasnsosenacesns 9 27
Clay, silty, and sand, fine; purple brown............. 11 38
Caliche, taD ... .ovvtviiieniiinirnnnrenesnnnroscanaeas 5 43
Sand, fine, pink brown, calcareous; contains pebbles of
caliche near base ..........cccviiiiiiiiiiiaiinnns 17 60
Caliche, coarse sand, and gravel; contains fine sandy
clay near base .........cciiiiiiiiiiiiiiiiiiinn 16.5 76.5

Sand and gravel, brown; contains thin “mortar beds”
at 94 and 96 feet and thin bed of caliche at 130

=L 2 66.5 - 143
Sand, fine, brown, calcareous, and caliche, soft........ 4 147
Caliche ...civiiiiiiiiiiieiieeiieiieaeaaennasans 3 150
8and, medium, to gravel, coarse; brown.............. 20 170
8and, fine to coarse, brown; contains fine sandy clay.. 10 180
Sand, medium, to gravel, medium; brown............ 33 213
8and, fine, to gravel, medium; calcareous, white...... 1 214
Sand, medium, to gravel, medium; brown .......... 5.5 219.5
8and, medium, to gravel, fine; calcareous, white .... 1.5 221
Sand, fine, to gravel, fine; brown; contains thin zone

of caliche near base ............... ..ot 9 230
Sand, fine, to gravel, fine; calcareous, brown; con-

tains blocky pink-brown silt .................... 11 241
Sand, medium, to gravel, fine; brown ............... 9 250
Sand, medium, to gravel, medium; brown .......... 30 280
Sand, medium, to gravel, fine; brown ............... 10 290
Sand, fine, calcarcous, brown; contains thin zone of

caliche in upper part and scattered gravel and

blocks of clay near base ................ooii 30 320
Sand, calcareous, light gray to gray; contains fine

gravel and caliche .......... ..o il 30 350
Silt and sand, fine; calcareous, gray brown; contains :

thin zone of caliche ncar top ............ ... ... 8 358
Mortar bed, coarse sund, and fine brown-gray gravel, 3 361
8and, calcareous, hard, yellow to yellow brown ...... 1.5 362.5
8ilt, pink red, and clay, varicolored; interbedded,

fairly hard ...... ..o 7.5 370

Google
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Caliche, calcareous clay, and pinkish red silt; hard ..
Sand and gravel, loose; contains caliche and pink-red
Bty Clay covvet i i i
Clay, silty, varicolored, and limestone, thin-bedded;
contains gravel near base .................... ...
Clay, mottled or varicolored, and limestone, thin-
bedded; contains gravel and sand in basal part ..
Sand and gravel interbedded with gray and pink clay;
contains hard “mortar beds,” and reworked frag-
ments of sandstone .............coiiiiiiiiiiann..
Clay, silty, pink red and gray; contains thin bed of
limestone near middle ...........................
Silt and sand, fine; calcareous, rusty brown; contains
fine gravel .......ccviiiiiiiiiiii i e
Shale, blue gray, and gravel ........................
Sand, silty, rusty brown, in part consolidated ........

Thickness,
Jeet

4.5

Depth,
feet
3714.5

420

460

510

520
530
540

9. Sample log of test hole 9 at the NE cor. scc. 21, T. 33 8., R. 82 W., drilled

by the State Geological Survey, 1942. Surface altitude, 2,681 feet.

(Samples studied by James B. Cooper and Frank E. Byrne.)

QUATERNARY—Recent,
Dune sand

Sand, fine, and silt; gray brown ....................
Sand, fine to coarse, grayish brown .................

QUATERNARY AND TERTIARY—Pleistocene and Pliocene

Silt and sand, coarse; calcareous, brownish gray; con-

tains fine gravel ... ... i ittt
Sand, fine, to gravel, fine; light brownish gray ......
Clay, silt, and sand, coarse; tan; contains fragments
of caliche ........viiiiiiiiiiii i
Sand, fine to coarse, and gravel, fine; slightly cal-
carcous, light brownish gray .....................

Sand, medium, to gravel, fine; tan gray ............
Sand, medium, to gravel, coarse; calcareous, light
brownish gray .....ociiiiiiiiiiii it
Sand, fine, to gravel, medium; brownish gray .......
Sand, fine to coarse, brownish gray .................
Sand and gravel, brown gray, and compact gray and
tan shale ... ...
Shale, compact, gray and tan, interbedded with fine-
grained tan sandstone ...............ociiiiieas

Permian—Guadalupian
Redbeds

Sandstone, fine-grained, calcareous, gray red ........
Shale, silty and fine sandy, calcareous, red to reddish
gray, containg gray sandstone ....................

Google

Thickness,
feet

2

oo

Depth,
feet
2
7

15
20
26

30
€0

70
200
222

254.5

270

310
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10. Sample log of test hole 10 in the NWY% sec. 19, T. 33 8., R. 32 W, drilled
by the State Geological Survey, 1942. Surface altitude, 2,669 feet. (Sam-
ples studied by James B. Cooper and Frank E. Byrne.)

. . Thickness, Depth,
Soil, sandy, brown; contains coarse gravel from 6 to feet feet

10 inches below land surface...................... 2 2
QuateaNarY aND TERTIARY—Pleistocene and Pliocene
Sand, coarse, and silt, lime-cemented, light brownish

gray; contains coarse gravel ............cooiunn 13 15
Sand, fine, to gravel, medium; grayish brown......... 8.5 23.5
Sand, fine, to gravel, medium; lime-cemented, light

+3 0 ¢ N 6.5 30
Sand, fine, silt, and clay; calcareous, yellowish gray

3 3 ¢ 2 32
Clay, silt, and sand, fine; calcareous, tan gray......... 4 36
Sand, fine to coarse, calcareous, tan gray............. 4 40
Sand, fine, to gravel, medium; gray brown........... 100 140
Sand, fine, to gravel, medium; calcareous, light brown-

ish gray; contains silt and clay................... 20 160
Silt and clay, calcareous, brownish gray.............. 10 170
Silt and clay, calcareous, brownish gray; contains

sand and medium gravel............c..cciiiial, 10 180
Sand, silt, and clay; calcareous, light brownish gray... 10 190
Sand, medium, to gravel, medium; gray brown....... 5 195
Sand and silt, lime-cemented, gray brown; contains

clay and fine gravel ............ . ..c0iiiiae 15 210
Clay, sandy, calcareous, gray brown; contains sand

and gravel ......... .. i 30 240
Sand, fine to coarse, hard at top..................... 10 250
Sand and shale, compact, brown..................... 10 260
Clay, silty and fine sandy, pink, and sandstone, hard;

contains brown shale ................. .. .. L 10 270
Clay, sandy; contains caliche ....................... 10 280
Sand, fine, to gravel, coarse; contains clav............ 30 310
Sand, fine, to gravel, coarse; contains clay in lower

5 o 2 AP 71 381
Clay, compact, soft, pink to light gray............... 6 387

PerM1aN—Guadalupian
Redbeds :
Shale, light red; contains siltstone................... 33 420
Shale and siltstone, red; contains inclusions of fine-
grained calcareous gray sundstonle ................ 10 430

Google



110

Geological Survey of Kansas

11. Sample log of test hole 11 at the NW cor. sec. 23, T. 38 S., R. 88 W., dnlled

QUATERNARY—Recent

Dune sand Th'frgtlm'
Sand, fine, and silt; medium brown.................. 1
QUATERNARY AND TERr1IARY—Pleistocene and Pliocene
Sand, fine to coarse, calcareous, gray red; contains silt, 5
Sand, fine to coarse, gray red; contains silt........... 4
Sand, fine, to gravel, medium; contains brown silt.... 12
Sand, silt, and clay; calcareous, gray red............. 3
Sand, medium, to gravel, medium; brownish gray..... 7
Clay at top to sand at base; calcareous, gray brown.. 18
Sand, medium, to gravel, fine; brownish gray......... 9
Silt and sand, calcareous, light brown gray; contains
R 52 21
Caliche, dense, white ......c.cvvivennivnreinernnnns 5
Sand, fine, to gravel, medium; brownish gray; con-
tains silt and clay ........ccoeiiiiiiiiiiiiiae, 5
Sand, fine, to gravel, medium; brownish gray........ 30
Sand, fine, to gravel, medium; calcareous, brownish
BIBY veeeconresnnaans B etieriesiratitecrasanann 5
Sand and gravel, fine and medium, calcareous, tan
BIBY  iieeeisietotonnssecssasnnncensnnrsssnnnanns 4
Cldy, sandy, yellow brown ..........cccovvvviieinnnn 1
Sand, fine, to gravel, fine; grayish brown............. 21
Sand, fine, to gravel, fine; lime-cemented, yellow gray, 6
Sand, fine, to gravel, fine; grayish brown ............ 13
Sand, fine, to gravel, fine; calcareous, tan gray ...... 10
Sand, fine, to gravel, medium; brown gray .......... 60
Sand and gravel interbedded with silt and clay; cal-
careous, pink and gray brown .................... 20
Sand, fine gravel, and silt; caleareous, pink and gray
Brown ..o e 10 -
Sand, medium, to gravel, coarse; brown gray ........ 21
Sand, silt, and clay; calcareous, tan gray ............ 9
Sand, medium, to gravel, fine; grayish brown ........ 15
Sand and gravel, calcareous, brownish gray; contains
silt and clay ..o 7
Sand, medium, to gravel, fine; grayish brown ..... .. 37
Sand, silt, and clay; calcareous, light yellowish brown;
contains brown shale ............. ... oo, 6
Gravel, medium, and sand, medium; brownish gray... 15
Clay, sand, and shale interbedded; calcarcous, tan
3 20
Shale, soft, buff gray, and clay, sandy, compact, tan
BTAY et veetnerounoesonsasaseesacennornnnnsanannns 10

by the State Geological Survey, 1942. Surface altitude, 2,816 feet.

ples studied by James B. Cooper and Frank E. Byrne.)
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Depth,
feet

1

10
22
25
32
50
59
80
85
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120
125
129
130
151
157
170
180
240
260

270
291

315

322
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Clay, sandy, greenish gray, interbedded with shale,

compact, dark tan and gray ..............cooel.
Shale, compact, dark green gray and buff, interbedded

with sandy celay ......ooviiiiiniiininninnnnnnnn.
Shale, compact, dark green gray and buff ...........
Shale, compact, dark green gray and gray ..........
Shale, compact, dark red brown; contains fine sandy

clay; interbedded with green gray shale .........
Shale, silty, compact, gray ......cocevvnervneenanainen
Shale, gray; interbedded with compact red shale ....
Shale, gray and red; contains sandy clay ............
Shale, dense, medium gray, and shale, silty, red ....
Shale, calcareous, gray and red, and siltstone, com-

pact, red ... ..iiiiiiii i i i i
Shale, silty, medium gray, and shale, red ............
Shale, dense, dark gray ...........ccecieiiiiaanennn
Shale, silty, medium gray, and shale, red.............

PerM1AN—Guadalupian
Redbeds

Siltstone, red; contains calcareous gray sandstone ...
Siltstone, red; contains large inclusions of medium-

grained highly calcareous sandstone ..............
Siltstone, red, and shale, gray, dense ................

Thickness,
eet

50

10
20
10

30
10
20
10
20

10
10
20
12

111

Depth,
feet

650

660
670

12. Sample log of test hole 12 at the SW. cor. sec. 17, T. 33 S, R. 33 W,
drilled by the State Geological Survey, 1942. Surface altitude, 2,862 feet.
(Samples studied by James B. Cooper and Frank E. Byrne.)

QuareaNARY—Recent
Dune sand
Sand, fine to coarse, brown; contains silt ............
8and, coarse to fine, reddish brown; contains silt......

QUATERNARY AND TERTIARY—Pleistocene and Pliocene

Sand, fine to coarse, reddish brown; contains silt and

ClBY e i e e
Silt and clay, calcareous, red gray ..................
Sand, coarse, to gravel, coarse; gray brown ..........
8ilt, clay, and sand; calcareous, brown gray ........
Caliche, light gray; contains fine sand ..............
Clay, brownish gray; calcarcous; contains silt and

8 0o L P
Caliche, brownish gray; contains silt and clay .......
Caliche, brownish gray; contains sand and silt ......
Sand and gravel, fine; lime-cemented, brown gray ...
Sand, coarse, to gravel, medium; light brown .......
Gravel, fine and medium, and sand; limec-cemented,

hard .o e s
Sand, medium, to gravel, medium; light brown ......

Google

Thickness,
Jeet

17
13

7
13
10

10
10
10
10
12

6
57

Depth,
feet

5
10

40
47

70
80
100
110
122

128
185
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Thickness, Depth,

feet feet
Sand, medium, to gravel, medium; lime-cemented,

BIAY  iiitnrtoecosonaronaesoaneoassnoaasnanennans 3 188
Sand, fine, to gravel, medium; calcareous, light

BrOWh it e 22 210
Sand, coarse, silt, and clay; calcareous, tan and yellow

7 10 220
8and, medium, to gravel, coarse; brownish gray...... 35 255
Sand and gravel, brownish gray, slightly calcarcous;

contains silt and clay .............iiiiiiiiat, 5 260
Sand and gravel, brownish gray, calcareous........... 20 280
Gravel, fine, to sand, medium; brownish gray; con-

tains silt and clay .........cciiiiiiiiiiiiiinn.. 10 290
Gravel, medium, to silt; highly calcareous, tan........ 10 300
Gravel, medium, to sand, fine; brown gray........... 40 340
Sand, coarse to fine, grayish brown, and gravel, fine;

interbedded with compact gray, tan, and yellow-

brown shale .......... ... il 84 424
Shale, compact, dark yellowish gray, and clay, sandy, 6 430
Shale, sandy, dark gray ........c.ciiiiiiiiiiann... 10 440
Shale, silty, dark gray, and shale, sandy, soft, yellow -

g 2 20 460
Shale, dark gray ................. e, 10 470
Shale, sandy, gray, rusty, and dark gray ............. 10 480
Shale, sandy, soft, dark brown gray.................. 21.5 501.5
Shale, calcareous, hard, blue gray.................... 1.5 503
Shale, compact, brown gray, and shale, sandy, yellow

BrOWD . e e 7 510
Sand, coarse, brownish gray; contains gravel......... 11 521

PermMiaN—Guadalupian
Redbeds
Shale, bright red: contains ealearccus silt. ... ... .. 22 543
Shale, silty, calcareous, bright red; contains yellow-
gray sandstone ...... ... i iiiiiiiiiiii e, 7 550

13. Sample log of test hole 13 at the NE cor. sce. 22, T.33 S, R. 34 W., drilled
by the State Geological Survey, 1942. Surface altitude, 2,588 fect. (Sam-
ples studied by James B. Cooper and Frank E. Byrne.)

QUATERNARY—Recent )
Thickness, Depth,

Dune sand feet feet
Sand, fine and medium, light brown; contains silt. ... 1.5 1.5
Sand, fine and medium. reddish brown; contains silt. . 5.5 7

QUATERNARY AND TERTIARY—Pleistocene and Pliocene
Silt, clay, and sand; calcarcous, brownish gray........ 3 10
Sand, coarse, to silt; calcareous, gray brown.......... 13 23
Sand, silt, and clay; calcarcous, reddish brown to dark
0 7 30
Sand, silt, and clay; highly calcarcous, tan gray...... 6.5 36.5
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Thickness, Depth,
eet feet

8and, coarse to fine, calcareous, brownish gray; con-

tains caliche ...........ccooiiiiiiiiiniianininns 2.5 39
Silt, clay, and fine sand; calcareous, gray red......... 6 45
Sand, fine to coarse, brownish gray; contains fine *

-4 S 11 56
Clay, silty, gray red ......ccoivvevvuronnteccronsnans 3 59
Silt, clay, and sand; highly calcareous, tan to brown

BTBY o eienniiteiacaettantsasaretanstentanacoans 1 70

, Clay, calcareous, tan to brownish gray; contains silt

and fragments of caliche ......................... 11 81
Caliche, sandy, tan to light gray; contains reddish-

graysiltandelay ........cooiiiiiiiiiiiiiiiiina. 9 90
Silt, sand, and gravel, fine to medium; highly calcar-

eOUS, tAD BTAY +.ovevrervnrvsioccororsscennonnsanes 20 110
Sand and gravel, reddish gray; highly calcareous; con-

taing silt and clay .......cooviieiiiiiiiiiinnne., 11 121
Caliche, hard, white to light brownish gray.......... 9 130
Sand, coarse, to gravel, medium; brownish gray...... 9 139
Sand and gravel, consolidated, gray.................. 9.5 148.5
Gravel, fine to coarse, pink gray, slightly cemented;

containg coarse sand ..............cieiiiineennn 1.5 150
Silt and sand, hlghly calcareous, buff gray; contains

L 0 Rt 6 156
Sand, fine, and gravel; calcareous, light brownish gray, 4 160
8and, coarse, and gravel, fine; light brownish gray;

contains silt ...... et ettt iiaeiaa e iararaaaa 20 180
8ilt, sand, and clay; calcareous, tan gray............. 10 190
Sand, medium, to gravel, medium; grayish brown.... 40 230
Sand and gravel; containg silt ...................... 25 255
Shale, silty to fine sandy, slightly calcareous, compact,

medium gray and yellow buff ..... erererenteaans 18 273
Shale, calcareous, compact, dark gray to yellow gray.. 17 290
Sand, coarse, gray brown, and shale, calcareous, dark

gray to yellow gray ........cc.ciiviiiiiiiinnnn... 10 300
Sand, coarse to fine, gray brown; contains gray and

buff shale ........cooiiiiiiiiii i 10 310
8and, fine to coarse, gray brown............e0vuen... 20 330
Sand, light brown, and shale, caleareous, compact, dark

BTRY ettt e 20 350
Sand, light brown, and shale, compact, gray.......... 10 360
Sand, light brown; interbedded with compact gray and

pink ghale .............. ...l 60 420
Clay, sandy, and shale; varicolored; contains much

sand from 480 to 500 feet ..................on. .. 80 500

PeaMiaN—Guadalupian :
Redbeds
Siltstone, calcareous, pink to pinkish gray; contains
red shale ............. ... .. ... i 20 520
87070
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14. Sample log of test hole 14 at the SW corner sec. 16, T. 83 8, R. % W,
drilled by the State Geological Survey, 1942. Surface altitude, 2,904 feet.
(Samples studied by James B. Cooper and Frank E. Byme.)

QUATERNARY—Recent
Dune sand
Sand and silt, brown ..........cc0iiiiiiiiiii e,

QUATERNARY AND TERTIARY-—Pleistocene and Pliocene

Silt and clay, calcareous, reddish gray; contains nodules

of caliche ...vvvveviiiniiiiiiiiiiiiiiiaiiiienans
8ilt and clay, calcareous, gray ............covvuinnn..
Caliche, sandy, light brownish gray to white...........
Caliche, fine sandy, grayish white ....................
Sand, medium, to gravel, coarse; brownish gray......
Silt and clay, calcareous, rusty gray; contains fine sand,
Silt to sand, medium; calcareous, light brownish gray;

contAINB ClAY ....ovieiiii i iiii it rreeaa,
Sand, medium, to silt; calcareous, gray brown; contains

gravel at base and fragments of caliche............
Silt, sand, and beds of caliche; light gray..............
Caliche, sandy, tan gray .......ccoovievennennceennnn.
Sand and silt; contains caliche .......................
Sand, fine, to gravel, fine; calcareous, brownish gray. ..
Gravel and sand, consolidated ........................
Gravel, coarse, to sand, fine; brown...................
Sand, fine to coarse, light brown......................
Sand and gravel, fine, light brown.....................
Gravel, fine to coarse; contains a little gray brown clay,
Sand and gravel, gray brown........................
Sand, fine to coarse, light brownish gray...............
Shale, compact, pink, and clay, sandy, white to gray...
Shale, sandy, compact, pink gray, tan, and gray green..
Sand and gravel, lightbrown .........................
Shale, compact, greenish gray, tar, and red............
Shale, in part sandy, compact, tan, gray, and red.......
Shale, compact, varicolored ..............c.ivinnnn.,

PerMI1aN—Guadalupian
Redbeds

Shale,brickred ...

Google

Thickness,

feet

5

13.5

Depth,
Joet

5

10
21

31

70

110
147
151

496.5

510



Seward County, Kansas 115

15. Sample log of test hole 16 at the SW corner sec. 18, T. 33 S, R. 34 W,
drilled by the State Geological Survey, 1942. Surface altitude, 2,938 feet.
(Samples studied by James B. Cooper and Frank E. Byrne.)

QuaTERNARY—Recent

Dune sand
Sand, fine to medium, brown; contains silt............ 6 6

QUATERNARY AND TERTIARY—Pleistocene and Pliocene
Sand, silt, clay, and fine gravel; calcareous, pinkish

Thickness, Depth,
feet Jeet

BIBY o euternnenreaeanesrocaasesansstsacessassonns 4 10
Sand, fine to coarse, calcareous, gray brown, coarser

toward base; contains fine gravel.................. 17 b1
Clay, silt, and sand, coarse; calcareous, brown gray.... 3 30
Sand, medium and coarse, brownish gray.............. 10 40
Sand, silt, clay, and fine gravel; calcareous, pink brown,

becoming much coarser in basal part............... 20 60
Gravel, coarse, to sand, coarse; gray brown........... 10 70
Sand, fine, to gravel, medium, contains numerous frag-

ments of caliche ........c.ooviiiineiineinnnnneen. 25 95
Gravel, medium, to sand, fine; lime-cemented......... 5 100
Sand, silt, and clay ; gray brown, highly calcareous; con-

tains a little fine gravel.........cooiiiiiiiineninns 10 110
Sand and some silt; lime-cemented, tan to pinkish gray, 30 140
Sand, coarse, to silt, gray brown...................... 10 150
Sand and some silt; lime-cemented, tan to pinkish gray, 10 160
Silt, sand, and clay; tan to pinkish gray............... 10 170
Silt, clay, and some sand; gray brown, highly cal- .

1 Y T 4 174
Sand, fine, to gravel, medium; calcareous, light brown.. 16 190
Gravel, fine, and sand, coarse; light brown............ 30 - 220
Sand, fine to coarse, light brown, slightly calcareous;

contains a little fine gravel........................ 20 240
Sand, coarse, and gravel, fine; light brown............ 20 260
Sand, fine to coarse, slightly calcareous, tan gray; con-

tains a little fine gravel...........ccvveeiiia., 10 270
Sand, fine to coarse, slightly calcareous, brownish gray, 20 290
Sand, coarse, and gravel, fine; brownish gray.......... 20 310
Sand and gravel, reddish gray................coell.. 10 320
Sand, fine to coarse, light brownish gray; contains a

littlegravel ........coiiiiiiiii it 10 330
Sand and a little gravel, reddish gray................. 10 340
Silt, clay, and sand; tan brown to yellow gray........ 13 353
Sand, medium, to gravel, fine; light brownish gray..... 27 380
Silt and clay; tanbrown............cciiiiiiiinl., 3 383
Sand, medium, to gravel, fine; light brownish gray.... 7 390
Sand and gravel; contains small fragments of ironstone, 10 . 400
Sand, medium, and gravel, fine........c.ooiiiin... 10 410
Sand, medium, to gravel, fine; light brownish gray..... 46 456
Shale, compact, tan brown andred.......c.coovvvvnnn... 4 460
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Thickness, Depth,
eet

feet
Sand and gravel, brownish gray...................... 20 480
Shale, compact, tan, brown, red, and gray green........ 10 490
Sand and gravel, brownish gray...................... 20 510
Sand, light brown, and shale, red and brown; inter-
bedded ..................... e e eieenee e, 17 527
Shale, compact, hard, brown......................... 3 530
Sand, brownish gray, and shale, compact, brown and
red; interbedded ..................ciiiil, 90 620
Shale, compact, tan brown.......................... 78 698
PerMiaN—Guadalupian
Redbeds
Shale, silty, slightly calcareous, bright red............ 22 720

18. Sample log of test hole 16 in the NEY SWY% sec. 31, T.3;, S, R.30 W.,
Meade County, drilled by the State Geological Survey, 1944. Surface al-

titude, 2,444 fect.

(Samples studied by Oscar S. Fent and Thad G. Mec-

Laughlin.) Thickness, Depth,
Jeet feet
Silt, gray brown; contains sand and gravel .......... 3 3
Silt and clay, buff and greenish gray; contains sand
and gravel ........ i i e 2 5

TerTARY—Pliocene

Laverne formation
Clay, light buff and light blue gray; contains crystal-
line YypSUM ....ivneiiiii i, 5
Clay, light gray to light blue gray; contains fine to

coarse sand at depth of 12 feet .................. 2.5
Caliche, hard, light gray to greenish gray; contains

sand and clay ...l 13.5
Shale, thin-bedded, dark blue gray .................. 21
Caliche, light blue gray; contains sand, clay, and

gravel ... ...ciiiiiiiiiiiiianl e 19
Clay, silty, light blue gray .............. ... ... ..., 14
Clay, in part silty, light gray; contains fine to medium

sand and crystals of gypsum .................... 40
Clay, light gray; partly cemented by gypsum and

contains many crystals of gypsum ............... 18
Caliche, hard, light gray; contains fine to coarse sand

and crystals of gypsum ............ ... ..ol 12
Clay, silty, in part thin-bedded, gray; contains gyp-

L ¢ o 50
Clay, in part thin-bedded, light blue gray ........... 12
Sand, fine, to gravel, medium; contains vellow and

white clay and limonite ................ ... ... 25
Clay, light tan; contains fine to coarse sand and a

little caliche ...t 6
Silt, pink buff; contains fine to medium sand ........ 2
Clay, light tan; contains a little sand and gravel .... 2
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Thickness, Depth,
Jeet Jeet
Sand, fine, to gravel, medium ....................... 28 275
Silt, pink buff to yellow buff; contains sand and
42 ) 4 279
Gravel, fine, and sand ............c.ciiiiiiiiiienannn 5 284
Silt, pink buff; contains fine to medium sand and
zones of caliche ............ccoiiiviiiiinienn.a, 12 296
Gravel, fine to medium, and sand; contains caliche
and pink-buff silt in lower part .................. 10 306
PearmiaN—Guadalupian
Redbeds
Shale, brick red ...t 4 310

17. Sample log of test

hole 17 in the SEY% NEY sec. 33, T. 3, 8., R. 30 W.,

Meade County, drilled by the State Geological Survey, 1944. Surface al-

titude, 2,666cfeet.
Laughlin.)

(Samples studied by Oscar S. Fent and Thad G. Me-
Thickness, Depth,

feet feet
Soil, silty, tan ... ... e 4.5 4.5
QUATERNARY—Pleistocene '
Meade formation
Silt, light gray to light brown; contuins caliche and
fine to coarse sand .................iiiiiiinn... 23.5 28
Silt, light buff, and caliche, buff; sandy ............. 5 33
Silt, clayey, light brown ............................ 4 37
Sand, coarse to fine, and gravel, medium to fine ..... 3 40
Gravel, coarse, to sand, fine ........................ 15 55
Silt, light gray; contains caliche .................... 3 58
Sand to gravel, coarse; contains caliche ............ 12 70
TerTIARY—Pliocene
Rexroad (?) formation
Silt, white and light buff; contains culiche and fine to
COATSE BANA ......vvvevennniennnnnnenennneeennens 25 95
Silt, clayey, light brown and white .......... e 15 110
Silt, clayey, gray brown to light brown; contains sand
and fine gravel .......... .. . i, 10 120
Gravel, fine to medium, sand, and silt, light brown and
white; contains caliche .......................... 7 127
Silt, clayey. dull yvellow and light blue gray .......... 12 139
Sand, coarse to fine, and gravel, medium to fine; con-
tains a little greenish-gray and buff silt .......... 61 200
Sand, coarse to fine, and gravel, fine................. 30 230
Sand, coarsc to fine, and silt, light greenish gray...... 22 252
Laverne formation
Silt, soft, light gray to light tan; contains fine to me-
dium sand ........... ... 8 260
8ilt, clayey, light gray, light buff, and light blue gray, 20 250
Clay, thin-bedded, blue gray; contains fine sand...... 20 300
Clay, light blue gray ..........cooiiii ... 20 320
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Clay, silty, blocky, dull greenish gray................ 6 326
Silt and clay, brittle, gray.......ccovveeririneennnnn.. 4 ‘3%
Silt and clay, gray and blue gray; contains very fine

- 1 T Pt 23 353
Silt, green; contains fine to very fine sand............ 7 360
Clay, silty, light green gray and blue gray........... 10 370
Clay, soft, light gray ........c.cciiiiiiiiiienninene, 50 420
Clay, soft, light gray; contains thin beds of caliche

and a little sand ................ o iiiiiaa.. 25 445
Sand, coarse to fine, and gravel, fine................. 47 492
Clay, silty, white to pink buff....................... 5 497
Sand, coarse to fine; contains white and buff silt...... 23 520
Sand, coarse to fine, and gravel, fine................ . 80 600

Sand, coarse to fine, and gravel, fine; in part ce-
mented; contains light-buff and pink silt in lower

Y L SRR 14 614
PeaMiAN—Guadalupian
Redbeds .
Shale, silty, dull red ..., 11 625

18. Sample log of test hole 18 in the SWY% NW?1; sec. 13, T. 3, S, R. 81 W,
drilled by the State Geological Survey, 1944. Surface altitude, 2,694 feet.
(Samples studied by Oscar 8. Fent and Thad G. McLaughlin.)

Thickness, Depth,
Jeet feet
Sand and silt, gray brown.............cociiiiiaa.., 2 2

TerT1ARY—Pliocene
Laverne formation

Clay, blocky, gray green ........ccoieeerennnereennn. 2 4
Sand and gravel, coarse to fine, in part cemented..... 5 9
Clay, yellow buff .........coiiiiiiiiiiiiiiiiininne. 4 13
Sand, fine, to gravel, medium; in part cemented...... 4 17
Clay, yellow buff and light blue gray; contains a little

caliche ... ..oeiiiiii ittt iitieaianaaan 13 30
Gravel, fine, and sand; contains blue-gray clay....... 6 36
Clay, light blue gray; contains silt in upper part, sand

in the middle, and caliche at base................ 8 4
Silt, micaceous, soft, brown .............c0iiiiiinl.. 3 47
Clay, compact, blue gray ......cccoevieiiiivenainans 3 50
Silt, brownish gray; contains fine to coarse sand...... 3 53
Clay, green gray, blue gray, and yellow buff; contains

sand iD UPPer PATt vevveverennrneeinnnrennronnannn 25 78
Silt, clayey, yellow gray; contains sand and gravel.... 8 86
Gravel, fine to medium, and sand............cuvuu... 4 90
Sand, coarse to fine, and gravel, medium to fine; con-

tains yellow silt in upper part.................... 10 100
Gravel, coarse to fine, and sand.........c.c.cvvinnn... 58 158
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Bilt, yellow brown; contains fine to medium sand..... 2 160
Gravel, medium to fine,andsand............couuene. 17 177
Clay, ight gray .....ccvvviiiinninianinnrncncinonans 3 180
Bilt, micaceous, yellow ..........cocviieiiiiieriineanas 2 182
Clay,yellowbuff .........ccciiiiiiiiiiieiiiirananss 5 187
Gravel, medium to fine, and sand; contains yellow-gray

- R 8 195
8ilt, buff; contains fine to medium sand............... 2 197
Gravel, medium to fine,and sand..................... 3 200
8ilt, micaceous, yellow gray to yellow..... Cerereeeenas 6 208 -
Clay, blue gray ......coceeieeeerrrntnnnereneeenenans 14 220
Clay, silty, light blue gray and yellow gray; contains

finetomediumsand ...........coiiiiiiii i iaen, 5 225
Gravel, fine,andsand ..........c.coviiviiiiiniiinenn, 6 231
8ilt, buff ; contains fime to coarse sand ................ 3 234
Gravel, fine,and sand ............ciiiiiiiiiiiienann 2 236
Silt, buff; contains fine to coarse sand................. 1 237
Gravel, fine,and sand ..............ciiiiiiiina... 8 245
8ilt, buff; contains fine to coarse sand ................ 1 246
Gravel, fine, and sand; contains yellow-gray and buff

gt in lower part ......ccoviviiiiiiiiieiiieiiin, 24 270
Caliche, hard, white and pink; contains fine to medium

T P 3 273
Silt, yellow gray; contains fine to coarse sand......... 2 275
Gravel, fine to medium, and sand..................... 15 200

Gravel, medium to fine, and sand; contains a few thin

beds of light-gray, yellow-gray, and pink-buff silt. ., 100 390
Sand, coarse to fire, and gravel, medium to fine; con-
tains pink-buff silt in lower part.........ccvvn..... 30
Gravel, medium to fine, andsand..................... 12 432
Silt, white to light brown and gray green; contains fine
tocoarse sad ...ttt e 32 464
PeamiaN—Guadalupian
Redbeds
Shale, brick red and white ................ooiiiinl. 16 480

19. Sample log of test hole 19 in the SWY¥% SW¥Y% sec. 18, T. 84 S, R. 81 W.,
drilled by the State Geological Survey, 1944. Surface altitude, 2,611 feet.
(Samples studied by Oscar S. Fent and Thad G. McLaughlin.)

ATERNARY—Pleistoc
QU eistocene Thickness, Depth,

Meade formation feet feet
Sand, coarse to fine, and gravel, medium to fine; con-
tains brown silt........... ..o it 3 3

Sand, coarse to fine, and gravel, medium to fine;

cemented with calcium carbonate to form “mortar
beds”
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TEerTMRY—Pliocene
Rexroad (?7) and Laverne formations

Clay, light gray, contains a little coarse to fine sand. ..
Sand, coarse to fine, and silt, clayey, light greenish

gray and pink buff; contains fine to medium gravel,
Gravel, fine,andsand..................coiiiiiiennn..
Sand, medium to fine, consolidated..................
Sand, coarse to fine, and gravel, medium to fine; con-

tains light-brown silt and gray-green clay..........
Caliche, gray white; contains fine to medium sand.....
Sand, coarse to fine, and gravel, medium to fine........
Gravel, medium to fine, and sand....................
Caliche, hard, white; contains fine to medium sand....
Gravel, fine, and sand; contains gray-green and yellow

LBy Lt i i i ittt e i et
Gravel, fine, and sand; in part cemented; contains blue-

gray and light gray-green clay in lower part........
Sand, coarse to fine, and gravel, fine..................
Silt, soft, light yellow buff and light gray.............
Sand, coarse to fine, and gravel, fine..................
Clay, soft, buff; contains fine to coarse sand..........
Gravel, fine,and sand..............ccooiiiiiiin...
Clay, light yellow brown, light grecnish gray, light pink

buff, and brown; contains fine to medium sand.....

PrrM1aN—Guadalupian
Redbeds

Shale,dull red ... i

.
Thickness, Depth,
feet feet
4 11
7 18
8 26
4 30
53 83
1 84
26 110
63 173
1 174
6 180
20 200
63 263
5 268
30 298
7 305
135 440
28 468
12 480

20. Sample log of test hole 20 in the NEY4 SWY sec. 24, T.34 S, R.31 W,,
drilled by the State Geological Survey, 1944. Surface altitude, 2,620 + feet.
(Samples studied by Oscar S. Fent and Thad G. McLaughlin.)

Soill, gray brown. ... .. ..

TerTiarYy—Pliocene
Laverne formation

Clay, blocky, gray green....ooooooiii i,
Limestone, hard, light gray; containg fine to coarse

SANA L e
Marl, porous, yellow to gray white. ... L.
Clay, hght gray green...oooo oottt
Gravel, fine to medium, and sand ; cemented by limonite,
Sand, coarse to fine, and gravel, medium to fine........
Clay, light grav green. ... .ot
Limestone, hard, light gray.... ... .. ... ... ...
Sitt and clay, thin-bedded, in part cemented, gray and

BrOWN ot e
CGiravel, coarse, to sand, fine, vellow..................

Google
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feet Jeet
1 1
2 3
1 4
14 18
8 2
4 30
13 43
3 46
1 47
11 © 58
46 104
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Thickness, Depth,
eet

feet
Clay, silty, light gray green and light brown........... 2 106
Gravel, medium to fine,andsand..................... 32 138
Clay, partly cemented, white......................... 1 139
Marl, hard, yellow to gray white; contains fine to coarse
sand and finegravel ..............ciiiiiiiiiint, 11 150
Silt, thin-bedded, blue gray and green gray, contains
fine sand ........iiiiiiiiiiiiii i 47 197
Shale, laminated, gray to green gray; contains blue-
gray silty clay. ... ..o 9 206
Sand, medium tofine...........ocooiiiiiiiiiiii i, 3 209
Clay, blue gray....ccoviiieiiiieennieninanenennns 9 218
Gravel, medium to fine, and sand; contains light-gray
clay, and light-gray and pink-buff silt.............. 22 240
Gravel, medium to fine,andsand..................... 110 350
Gravel, medium to fine, and sand; contains dark-buff
31 R 25 375
Silt, pink buff to reddish buff; contains fine to medium
=721 1 Vo (e 48 423
PerMiaAN—Guadalupian
Redbeds
Shale,brickred. ... 7 430

21. Sample log of test hole 21 in the SWY NW?Y sec. 36, T.34 S, R.31 W,,
drilled by the State Geological Survey, 1940. Surface altitude, 2,585 feet.
(Samples studied by James B. Cooper and Frank E. Byrne.)

Thickness, Depth,

feet Jeet

Soil, fine sandy, brown; contains caliche ............ 2 2
QUATERNARY—Pleistocene
Meade formation
Sand, medium, to gravel, coarse; brown ............ 3 5
Sand, medium, to gravel, coarse; consolidated ...... 1.5 6.5
TEeRrTIARY—Pliocene

Sand, fine, calcarcous. light gray ..................... 1.5 8
Silt and fine sand, calcarcous, pink tan ............. 5 13
Caliche, soft, white to light gray .................... 3.5 16.5
Caliche and clay, yellow .......cooiiiiiiiiiiin.., 2.5 19
Caliche, hard, light gray, white and yellow .......... 5 24
Sand, fine, calcareous, yellow orange ................ 3 27
Sand, fine, silt, and caliche; light gray .............. 3 30
Clay, silty to fine sandy, light gray ................. 1 21
Sand, medium, to gravel, fine; brown and orange .... 16 47
Silt and fine sand, calcarcous, gray orange and brown, 3 50
Sand, fine and medium, brown .......... ... ... 24 74
Silt and fine sand, calearcous, light gray and orange, 2.5 76.5
Sand, fine and medium, brown ............ ... . ... 6.5 {3
Sand, fine and medium, brown and orange brown ... 7 30
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Thickr:cn, D;::‘h'
ee|
Sand, fine to coarse, brown; contains yellow silt and a

little gravel ....coviiniiniineniiiieninnnenennenss 30 120
Sand, medium, to gravel, ﬁne brown; contains caliche, 42 162
Clay, silty to fine sandy, light gray ................. 12 174
Clay, silty, blue gray, alternating with sand, fine and

medium, Bra8Y ...oveivieernncnereneeenennnenneens 7 181
Sandstone, soft, calcareous, buff .................... 10.5 191.5
Sand, fine and medium, buff to yellow brown ........ 12.5 204
Sand, medium, to gravel, medium; brown .......... 36 240
Sand, medium, to gravel, medium; orange brown ... 15 255
Sand, medium, to gravel, medium; brown ........... 20 275
Clay, silty, light gray ......ccoviiviiinreenninnnenns 6 281
Sand, medium, to gravel, fine; brown ............... 9 200
Sand, medium and coarse, orange brown ............ 5 295
Sand, medium to coarse, and gravel; hard, brown .. 46 341
Clay, fine sandy, highly calcareous; contains caliche, 2 43
Sand, medium, to gravel, medium; brown; contains

1) V- 7 350
Sand, medium, to gravel, fine; brown ...... Ceereeeaes 51 401
Clay, sand, and gravel; contains caliche at top and in

lower half ................... crerenas Ceeereiieens 16 417
Sand, coarse, and gravel, fine; consolidated .......... 5 422
Gravel, fine and coarse, brown; contains silty blue-

Breen ClaY .viveiiiiecernenuasenonnseesansocennaas 24 446
Silt and sand, pink brown, interbedded with silty blue-

green Clay .....ii.iiiiiieiiiiiiieiiiaiereaianaen 5 451
Sand and gravel, interbedded with blue-green clay .. 16 v
Sand, fine, brown; contains silty blue-green shale and

brown siltstone. Contains gravel in basal part .... 33 500

PerM1AN—Guadalupian
Redbeds
Shale, silty, hght gray to red brown, and siltstone,
red Brown ....ccvvvieiiieioinerncsosrannsennanns 20 520

22. Sample log of test hole 22 at the SE cor. sec. 36, T. 84 8., R. 36 W., Stevens
County, drilled by the State Geological Survey, 1948. Surface altitude,
2,960+ feet. (Samples studied by Oscar S. Fent and Thad G. McLaugh-
lin.)

QUuATERNARY—Recent
Thickness, Depth,

Dune sand feet fret
Sand, medium to fine; contains soft gray to gray-black

73 5 5

Sand, medium to fine, red..........coeiiniiiiiiin, 9 14

QUATERNARY AND TErTIARY—Pleistocene and Pliocene

Silt, soft, buff; contains medium to fine sand......... 4 18

Silt, clayey, green; contains medium to fine sand..... 5 23
Silt, soft, buff to white; contains medium to fine sand

and caliche ...ovviiiiiiiiii it i i e 7 30
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Seward County, Kansas

S8and, medium to fine, and silt, soft, buff.............
Silt, soft, light gray; contains medium to fine sand....
Sand, coarse to fine ..........cciiiiiiiiiiiiiiieiiaa
Silt, soft, buff to gray white; containg medium to fine

sand and ecaliche ............cociviiiiiniiiannnn,
8ilt, compact, light yellow tan; contains medium to

fine sand and caliche ..........ccocvvivinrenannann
Sand, coarse to fine; contains soft buff and white silt,
Silt, clayey, buff; contains coarse to ﬁne sand and ca-

Hehe .ioviiiiiinrieiieieiiineincescioroencennaes

Gravel and sand, coarse to fine........covveeeennnen.
Silt, soft, buff; contains medium to fine sand and a
little gravel .......cciviiiiiiiiiiiiiiiiiiiiinina,

Silt, compact, light tan; contains medium to fine sand
and caliche .........coiiiiiiiiiiiiiiinnniiinnnes
Silt, soft, white and buff; contains coarse to fine sand
and caliche ........cc.ciiiiiiiiiiiiiiiiinianinns
8ilt, clayey, buff and light tan; contains coarse to fine
sand and caliche .............c.00eee teteseranene
Silt, soft, gray and buff; contains fine to coarse sand,
fine gravel, and caliche ..........cecivviniennnnns
Gravel, fine, to sand, medium............co0eivvenes
Silt, soft, light brown; contains medium to fine sand
and caliche ........ccoiiiniininniirinraccienennns
Sand to gravel, fine; contains caliche................
Silt, soft, tan; contains medium to fine sand and ca-
liche +.cviuiniineiiiiiiieriniiineraeaannennans
Sand, coarse to fine .......iiiiiiiiiiiriiitiiieeneen
Silt, soft, tan; contains fine sand and caliche..........
Silt, soft, light greenish gray and brown, and sand,
R 20 1+ V- J
Silt, soft, white to greenish gray and light gray buff;
contains coarse to fine sand and a little caliche....
Silt, clayey, white to yellow and brown; contains
dense blue-white caliche ..................couiil.
8ilt, very soft, gray white and yellow brown, and sand,
fine; contains hard white to yellow-brown sand-
stone and concretions of hard brown siltstone......
Silt, very soft, gray white and yellow brown; contains
concretions of sandy hard brown siltstone.........
Gravel, fine, to sand, medium.............c.cvunn.n.
Silt, very soft, light buff to yellow brown and gray
white; contains coarse to very fine sand...........
Silt, soft, gray buff to blue gray, and sand, medium to
fine; contains concretions of ironstone ............
Silt, soft, light gray and yellow brown; contains me-
dium to fine sand ..........iiiiiiiiiiiiiiniiine,
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Thickness,

10

14

10.5

14.56

16

16.5

2.5

23

28

100

20

123

Depth,

70

104

108
135

145.5

160

310

430

468
470

570

590
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Thickness,

Silt, very soft, gray buff and yellow brown; contains feet

coarse to fine sand and fine gravel................ 20
Silt, soft, light gray buff; contains medium to fine

0 1T 60
Gravel, fine, to sand, medium ...................... 8

PerM1AN—Guadalupian
Redbeds

Silt, blocky, light orange red ........................ 2
Silt, clayey, light orange red ........................ 30

Depth,
feet

620
680
688

690
720

23. Sample log of test hole 23 at the NW cor. NEY sec. 13, T.35 S, R. 31 W,
drilled by the State Geological Survey, 1940. Surface altitude, 2,662 feet.

(Samples studied by James B. Cooper and Frank E. Byrne.)

QUATERNARY—Recent
Thickness,
Dune sand Jeet
Sand, fine, brown ........... ... ... i, 7
QUATERNARY—Pleistocene
Meade formation
Sand, fine, pinkish tan ............ ... ... ... 4
Sand and gravel; fine to coarse ..................... 8
Silt and sand, fine; calcareous, brown ............... 2
Caliche, gray to buff, basal part hard ............... 9
Caliche, hard, gray to white; contains fine quartz sand, 10
Caliche and clay, tan; contains silt ................. 9
Silt and sand, fine; calcareous, brown; contains fine
gravel ... e 3
Caliche, soft, and clay, silty and limy, tan .......... 5
Sand, fine, calcareous, brown to yellow brown; con-
tains Silt ... e 3
Silt and sand, fine; calcareous, brown .............. 6
Sand, medium, to gravel, coarse; brown ............ 3.5
Sand, medium, to gravel, fine; consolidated ......... 4.5
Sand, medium, to gravel, medium; brown .......... 6
Sand, coarse, consolidated ............ ... . ... ..., 2.5

Tertiarky—Pliocene
Rexroad (?) formation
Clay, silt, and fine to medium sand; gray to brown;

contains caliche ... ... ... . .. il 17.5
Silt and sand, fine; calcareous, hard, gray ............ 5
Clay, silty to fine sandy, very calcarcous, hard ...... 11
Caliche and clay, interbedded. brown to buff, contains

silt and a little sand ... ... . ool 4.5
Sand, fine, brown, and silt; calcarcous .............. 4.5
Clay, silty to fine sandy. calcareous, light gray ...... 5
Clay, silt, and sand, fine; interbedded, calcareous, light

gray and brown ...... ... ..t 7
Sand, fine to medium, caleareous, hard, brown ...... 9
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Depth,
feet

-
{

11
19
21

30

49

52
57

60

69.5
74
80
82.5

100
165
116

120.5
125
130

137
146
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Sand, fine, to gravel, medium; brown; contains clay in
UPPET PATt .. ittt iiieiteeraneeneronnanann
Sand, fine, to gravel, medium; brown; contains ca-
liche .ovunuiii i i e
Laverne formation
Clay, silty to fine sandy, calcareous, light gray ......
Silt and sand, fine; light cream gray to brown and
vellow; contains caliche .........................
Clay, silty, blue gray; contains caliche ..............
Sandstone, calcarecous, fairly hard, blue gray; contains
gvpsum in lower part ............ceiiiiiiniann..

Shale, sandy clay, and sandstone; calcareous, blue gray
Sand, fine, blue gray, and silt; contains thin beds of

silty white limestone in lower part ..............
Silt, calcareous, blue gray, and sand, fine; contains
thin beds of gypsum ............... .. il
Shale, silty and fine sandy, blue gray; contains gyp-
BUIM ot tiesanstnaeennneensranranseroeenncennseness
Shale, silty, earth brown. and shale, blue gray; inter-
bedded; contains gypsum in basal part ..........
Gypsum, hard, and sundstone, dense, dark gray to
black ...t e
Shale, blue gray; contains thin layers of gypsum near
base . e
Shale, silty, and fine sandy, blue gray, and shale, hard,
yellow green ............ciiiiiiiiiiiiiie i,
Sand, medium, and gravel, fine; partly cemented;
brown ..o e e
Perm1an—Guadalupian
Redbeds
Siltstone, red ....... . i

Thickneas,
feet

10

42

13
10

30

28

32

14

Depth,
feet

156

198

208
227

240
250

320

348

380

590

24. Drillers log of test hole drilled for the City of Liberal in NWY NEY sec.

32, T.348,R.33 W, 174. (Layne-Western Company, driller.)

S BT

QUATERNARY AND TErTiaRY—Pleistocene and Pliocene
Clay, saDAY ..ovviiiiiiiii i
Band ...ciiiii i e e
Clay, sandy, and caliche ...................cccooo...
Sand, gravel, and clay ........ ... it
Clay, sandy, red (static water level, 121 feet) ........
Clay, hard, white ........... ... .ottt
ROCK ciiiiiri e e e
Sand, medium coarse ...... ... i
Rockandsand ...........o it
Rock, hard ... ... . o
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Thickncss,

feet

2

Depth,
feet

2

10

13

920
110
123
156
158
161
164
169
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Clay, 8aDdY coovvvrrntiieiiiiiiiieiiiiiieniennennans
Sand, medium coarse ..........c.cciiiiiiiiiiinien.
Clay, 8aDdY ...ocvvvverirntrnnrnnrneineeneneinnennnns
Clay, blue ......ccvvviiiiiiiiiiiii ittt iiiiiienens
Clay; contains streaks of sand ......................
Sand, medium coarse .............ciiiiiiiiiieinen.
Clay, blue .....ocvviiniiiiniennenriianenaenciananns
Clay, 8andY ...vvvvierenneennneneeenoernereneoenees .
Sand, fine, and clay ..cvivviiiiiiiiiiii i
Sand, fiNe .....iciiviiiieiiii e i,
Sand, medium coarse, and gravel ....................
Sand, very fine ........iiiiiiiiiiii e
PerM1AN—Guadalupian
Redbeds
Shale, red ...coviiiieinreiiinriniirieeneenrnaenoanan

11

EEEEERERE

g

25. Drillers log of test hole of the Deep Well Irrigation Company in the NW
cor. sec. 32, T. 34 8., R. 88 W. (Log furnished by Perry Keller, Liberal

city engineer.)

1 1o} |
QUATERNARY AND TERTIARY—Pleistocene and Pliocene

Gy ceiiii it e it e
Sand, very fine ......c.iiiiiiiiii i e
L]
Sand, medium; contains caliche ....................
Rock, soft ....ocevevviiiiiiiiii i
Rock, hard ....vvviniiniiiiiiiininns e
Sand, medium to coarse ................. e,

Sand i e i e s
Gravel and clay .. .oooviviiiiiiiii i
Sand, CoarSe ...iiiieiiei i e
0]
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Thickness,
Jeet

3

Depth,
feet
3

170
173
180

271
275

301
315

337

356
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26. Dnllers log of the municipal supply well of the City of Kismet in the
BEY, SWY sec. 4, T. 83 8., R. 81 W. Burface altitude, 2,785+ feet. (J.

Doty, driller.) , Thickness,  Depth,
Jeet feet
Boil toviiiiii i e e e 4 4
Clay, saDdY .....cooivveeirenraninnrnrnerneinenennss 16 20
Gyp, hard ..ot e 40 60
Sand and gravel ..........ciiiiiiiiiii i 38 98
Sand rock, 80ft ..........eiiiiiiiiiiiiiiiie e 3 101
Band ... et 6 107
Sand rock, 80ft ......iiiiiiiii e 2 109
Sand ... e e e 12 121
Sand rock, soft ..........iiiiiiiiiiii i 3 124
L0 73 14 138
Sand, dirty .....coiiiiiiiii e e 12 150
S8and and gravel ...l 98 248

27. Drillers log of railroad well at Liberal in the NW% sec. 4, T. 36 8., R.

S Ww. Thickness, Depth,
Jeet feet
800l e e 2 2
Clay, white, and gypsum ..............cccocninnn... 40 42
Clay, blue ......ccoviviriiiiiiiiiiiieiiiiieineennns 50 92
Clay, white, and sand .............................. 35 127
Sand, white .....coivviiiiiiiiiiiiii i 2 129
Clay, yelloWw ...ccvviiiiiii i 38 167
Shale and sand, white ....................ia.L 10 177
Sand, white ....ccviitiiiiiiiiiiiiii e 13 190
Shale, white ......ccoivviiiiiiiniiiniiiiiiinnnnn. 2 192

28. Drillers log of railroad well at Liberal in the NEY sec. 32, T. 3, S, R. 33
W. Surface altitude, 28,0+ feet. (Darton, 1905, p. 317.)
Thickness, Depth,

feet feet
Clay, hards .. ...t 6 6
Band ... e 35 41
Sandstone, soft ...........ciiiiiiiiii i, 22 63
Sandstone, coarse ...... ...l 12 7
Sand ... e 10 85
Sandstone, 80ft ..........iiiiiii 100 185
Sandandclay .....cooviniiiiiii i 80 265
Sandstone, hard ........coiiiiiiiiiiii e 5 270
Sand, coarse to fine, and gravel ..................... 45 315
Sand and sandstone ............. ..o, 130 445
Sand, coarse, and gravel ................. ... ...l 40 485

Google



128

Geological Survey of Kansas

29. Drillers log of well of Panhandle Eastern Pipeline Company near Arkalon

in the NWY SW%% sec. 24, T. 33 8., R. 32 W. Surface altitude, 2,610

feet. (Well Works Manufacturing Company, Garden City, Kansas,
driller.) Thickness, Depth,
feet feet
Soil, 88ndY ...t i 14 14
Sand ... e 13 27
L) PR 7 34
Sand, fine ...t et 4 38
Clay, tough ......coiiiiitiiii ittt rnnneaneans 25 63
Sand ... i e et e 8 71
Clay, blue ......cooiiiiiiiiiiii ittt ieeeenans 4 75
Clay, 88ndy ......civieiieiinirintieennenanacsananns 11 86
Sand rock, soft ... ..l 6 92
Sand ... et 11 103
Clay, blue ...t ittt ieieeeen 9 112
Sand rock, soft ........eiiiiiiii i i 2 114
Sand ... e e e 21 135
Clay, blue .....cooiiiiiiiiiiiiiiiiiiinrnnneeneennns 4 139
Sand, fine ......iiiii i e 7 146
Clay, blue .....c.ciiiiiiiiiiii it i iinieanaras 3 149
Sand and gravel .......... ..o e 19 168

30. Drillers log of well no. 1 of the Northern Natural Gas Company tn the

SW¥% NWY sec. 1, T.32 8, R. 33 W. (Buell Scott, driller.)
Thickness,

feet
1S 70 | 8
Clay; contains caliche and streaks of fine sand........ 12
Clay, brown, and sand ...........ccoiiiiiiiieinnn,
Caliche .......coiiiiiiiiiiiiiiiieinnenreneananeanns
Clay, brown ......ccoiviiiiiiiiiiiiiiiiiiiennnnnnn.
Sand, fine ... i it i e i i e
Clay and caliche ...............coiiiiiiiiiiniannn, (]
L 07:% F T Y-
L0 T
Caliche and clay ........coiiiiiiiiinniinenenennnns
Caliche and fine sand ............... ...,
ROCK i e e

Q
e,
=
=
o
)
B
[>%
w
©
=
(=%
—

Sand and clay ...t
Sandand red clay ....... ... i it
Caliche ..o ittt it et i cieaeneaaann
Caliche and sand ..............ciiiiiiiiiiiiiiaa...
Clay, red, and sand............cviiiiiiiinnnnnnnn..
Sand, Coarse ........iiiiiiiiii e
Clay and sand .......coiiiiiiiiiiiiiinninnnnnnnnnn.
Sand L e et e

owwwsmwwmn.&wmahwcﬂ

—t

8o
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Thickness, Depth,
eet

fi feet
0] 1 150
Sand ... e e, 20 170
Sand and caliche .............ccciiiiiiiiiinii.n. 8 176
R T 7 183
L] 2 185
Sand ... i e 5 180
Clay and sand ..........ccciiiiiiiiniiieivnneannns 2 192
Sand ... e i it 12 204
L0 1 205
Clay and sand .........c.coiiiiviniiiinennernnennns 2 207
1SN Y 17 224
ClaY v viititiii i i e it e a e iaaas 2 226
Band, fine ......... . it 11 237
Sand, cOBIBE ...ttt 19 256
TN 10 266

31. Drillers log of the Traders Ol Corporation No. 1 Boles in the NE'4 NEY
sec. 3, T.36 8., R. 84 W. (Harry McQuigg, driller.)
Thickness, Depth,

feet Jeet
Sand and clay, soft ..., 50 50
Caliche and clay .............c.coiiiiiiiia.... 55 105
Clay, 8andy ..ovviieiinenniiiieiininneiannennnennns 10 115
Sand .. e et 17 132
Clay, brown and yellow ............ccoevieiiina... 18 150
1 Y T 6 156
Clay, StiCKY .vvvrerriiiiii it it eee i eiieeennnns 4 160
Caliche and clay .........ovvviieieiiiiiniinnnnnnnn, 58 218
Clay, sticky, brown ............ccoiiiiiieiian... 7 225
Sand, fine, brown; contains streaks of soft sticky clay, 100 325
Caliche, white ......ociieiiiiiiiiiiiiiiinieiinnnns 4 329
Sand; contains shale and clay ...................... 271 600
Clay and lime ........coiiiiiiiiinniniinnannn.. 40 640
Clay, sticky, blue ...........coviiiiin i, 19 659
Clay, red ...viviineiiiiiiiiinrreerearieeeeenennnnn 101 760
Sand lime, light-colored ............................ 5 765
Clay, red ...ttt e 185 950
Shale, red .......coviviiiiiiiiiii e 80 1,030
Clay, blue and red, and gypsum, white ............... 35 1.065
Clay, soft, blue ...t 37 1,102
Clay, red, and shale ........... oo, 38 1.140
Sandstone, soft, and salt ............... ...l 93 1.233
Clay, Ted ..o.iirtiiineian i iieiiiannenes 102 1.335
Shale, sandy, brown ............ i, 12 1.347
Shale, red ...ivriiiiiii i i e 113 1.460
Shale, blue ..ooviiiiiiii e 2 1.462
Shale, red, and rock, hard .......... ... o il 168 1630
Sandstone, brown ... i e 15 1.645
Sand, hard ... ... e 15 1.690

9—7070
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Thickness, Depth,
feet

feet
Clay, red ..coviiiiiiiiiiiiiiiriniieenreennennns 10 1,700
Shale, blue ......cvviiviiiiii i 2 1,702
Shale, red .......ccciiiiiiiiiiiiiiiii i 15 1,717
Shale, soft, red ............cciiiiiiiiii i 8 1,725
Lime, hard ... ...iiiiiiiiiiiiiiii ittt e 25 1,750
Clay and shale, red ............ccviviviniiiinnnnnnn. 100 1,850
Sand, hard ....cooiieiii e 2 1,852
Clay and shale, red ...........ccviiiiiiiiiiininnt, 78 1,930
Shale, red ..ottt i 18 1,948
Shell, hard ......coiiiiiiiiii i e 3 1,951
Shale, blue .......cooviiiiiiiiiii i 1 1,952
Shale, red ......coieiiiiii i i 80 2,032
Shell, hard, red ..o 2 2,034
Clay, red, contains gypsum .............ccocvenunnnn. 21 2,055
Clay, blue ....oviivieririieernireneneeiieennennns 5 2,060
Shale, red ....oviiiiiiiiiiiiii it 17 2,077
Shale, hard .......ciiiiiiiii i e 2 2,079
Shale, red .. .oiiiiiiiiii ittt 23 2,102
Shale, blue ......coviiiiiii ittt 6 2,108
Clay, red, and shale .........coovviviiiiinninnn... 52 2,160
Rock, red .....coviuiiiininoreneianenretnnionnnnenss 8 2,168
Shale, blue ......cviiiiiiiiieeniiniiineiniennnnnns 7 2245
Shale, blue, and sharp abella gntty ................. 2 2,247
Shale, blue .....civiiiiieeenirenieenerenreneenneanss 17 2.264
Shale, blue, and sandy hme shells .................. 26 2.290
Shale, blue ......ccviiiiiiiiiiiiiiiriiiiiiiaiiiain. 10 2,300
Shale, blue, and sandy hme shells .................. 72 2372
Shell, hard ......coiiiiiiiiiieiiiiiiiiieninernnnnn 8 2,380
Shale, blue ..uvvniiiiiiiiiiiiieiereenieerenenneenns 20 2,400
Lime shells and shale, blue ........................ 5 2,405
Shell, ime ....cciiiniiiiiiiietiiniiietiareieanansns 5 2410
Shale, blue ...ttt 11 2,421
Lime, hard ... ... i i 11 2,432
Lime, softer .........cciiiiiiiiiiiiiiiiiiiie, 2 2,434
Shell, lime ...coiviiiiiiiiiiiiieiiiiionerenrnnnenns 41 2475
Shale, white and pink ............... .o, 10 2,485
Shale, blue, and streaks of lime ..................... 16 2,501
Lime shell, hard ..........iiiiiiiiiiiiiiii.., 8 2,509
Shale, blue ...c.oviiiiiiirniniiiieeiieeniinenennnn, 29 2.538
Lime, hard, gray .....cccviiiiiiiiiiiiiiiiiiinnannn. 7 2.545
Shale, blue ........ciiiiiiiiiienirernrrennncesaanns 25 2,570
Lime shell, hard ..ot 4 2,574
Shale, blue .....cccvviiiiiiiii i 7 2,581
Lime, sandy, changing to eand ...................... 4 2,585
Shale, bBlue ... .coiiiiiiiiiiiiiii it i 15 2,600
Lime, white ...ttt iiinninan.n 10 2,610
Shale, blue ... ..ottt 40 2,650
Shale, sandy, greasy ........coveiiiinniiinareeeennn. 30 2,680
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ee. feet
Lime, hard, gray .......coiiiiiiiiiiiiiiiinnneninen 25 2,705
Slate, black, and shale ............ccccciiiiiniianaans 11 2,716
Band, €8S ..........iiiiiiiiiiiiieiie i, 39 2,765
Shale, brown ......cccviiiiiiiiiiiiriarerenenieaenan 15 2,770
Shale, hard .........cciiiiii i 12 2,782
Sand, water .......cciiiiiiiiiiiiiiiiie i 2 2,784
D 71 Y-S 10 2,794
Shale, blue ........cciviiiiiiiiiii it 20 2814
Lime, hard ....... ... it iiiieianes 11 2,825
Shale, sandy ........ccciiiiiiiiiiiiiiriii i 20 2,845
Lime, hard .....ooiiiiiiiiiiiiiii ittt iieiiieennnes 2 2,847
Sand; contains salt water ............cccciiiiiinin.. 55 2,002
Shale, blue .......ciiiiieiiiiiii i eiiii i 17 2,919

32. Drillers partial log of the Liberal Gas Company No. 4 Boles in the NBY,

sec. 4, T.86 8., R. 3, W. Thickness, Depth,

feet feet
Lime and streaks of blue shale...................... 31 2,066
Sand lime and streaks of red bed.................... 34 2,100
Hard sandy lime .........coiiiiiininncennnnierannns 35 2,135
Lime and blue shale ............coiiviiiniiniia... 295 2,430
Lime and anhydrite .........c.ccciieeiiiiiiiiiinn.., 202 2,632
Dolomite, light gray, and white anhydrite............ 10 2,642
Dolomite, light gray .........cooiiviiieeiirieiaan. 11 2,653
Dolomite, anhydrite, and shale; light gray........... 10 2,663
Dolomite and shale, light gray...................... 7 2,670
Dolomite, light gray, white anhydrite, and white trans-

Tucent chert ........cccoiiiiiiiiiiiiiiiniiiiinen 10 2,680
Shale, light gray ........ccoiiiiiiiiiiiiiiinennennns 30 2,710
Limestone, light gray mottled (gas producing horizon), 35 2,745
Red rock ...oovvviiiinnniiiiiiiiiiiiiiiinannens 4 2,749
Dolomite, dense, white .............coccviiiinian.. 3 2,754

33. Dnillers partial log of the No. 1 Pyle in the NEY NEY sec. 13, T. 33 S.,

R.33 W, Thickness, Depth,
Jeet feet
Cellar ... ... i i i i, 20 20
Sand ... it 258 278
Gravel .. ...t i 4 282
Sand ... et 22 304
Gravel .. ... e e 6 310
Band ... i et 155 465
Red rock ..ot e 5 470
Sand ... e, 20 490
Red rock and sand............ccviiviiniiinnnnnnn.. 40 530
Red rock ......ooiiiiiiiiiiiiiiii i iie e 132 662
Y s A 8 670
Red rock ...t 588 1.258
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Depth,
feet

135
185
205
255
270
315
349
380
400
440
445
870
880
928
940
955
965
970
1,000
1.005
1,100
1250
1,600
1,655
1,660
1,670
1,680
1,765
1,810
1,935
1,940
2,085
2,100
2,110
2,170
2,182
2200
2250
2255
2275
2287
2203
2.300
2.306
2.310
2,360
2.395
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34. Drillers log of Seward County Oil and Gas Company No. 1 Sealy in the
NE%Y sec.20,T.885.,R.83 W. Thickness,
feet
Clay, sandy, brown ....................cciiiiiia... 135
. R 50
Clay, sandy ...oovviervninnionierieieienreinsannaes 20
LT O 50
Clay, brown ......ovviieriiiiieinerentreneaneronens 15
Sand ... e e ey 45
L0 Rt 34
Sand, fine, Gray .......ccieiiiiiiiiiiiiiii e, 31
Clay, yellow .....ccooiiiiiiiiiiiiiiiiiiiiiaiinnnnnns 20
Mud, blue ....ovvviviiiiiiiii ittt e irriereas 40
Sand ... e e e 5
Red bed ...coiiniiiiiiiiiiiiiiiiiiiiiei i inianes 425
Sand, red ....... .ttt e e 10
Red bed .....coiiiiiiiiiii ittt it inarinens 48
Lime or white chat ............ ...l 12
Red bed ..viiieiii e i e 15
Lime, hard ... i 10
Red rock .o.vvviiniiiiii ittt iiieae e 5
Lime or white chat .............ccciiiiiiaiaa, 30
Mud, blue .....cccoiiiiiiiireieiiiiiienraneineeenss 5
Red rock ...oovviiiiiiiiiii e rens 95
Sand, fine, red .......... . 150
Redbed ... 350
Sand, red,and lime ............ ...l 55
Mud, blue ...t e 5
Red bed ..ottt 10
Mud, blue .....coiiiiiiiii i e 10
Red bed ..ooniiiiiiiiii ittt ieeeeeens 85
TV 45
Red bed ...ooviiiiiiiiiiii ittt 125
Shale, blue ....coviiiiiiiiiiii i e 5
Red bed ....ooviiiiiiiiii i 145
Shale, blue ........oviiiiiii i 15
Lime, sandy, gray .........ccooivevennn.. e 10
Shale, blue ....coiviiiiiiii i e 60
Shale and lime ............ccoiiiiiiiiii i, 12
Shale, blue ...ooovein i e 18
Shale, gray, and lime ............ ... 50
Sand and ime ...l 5
Shale, blue and gray ..........coiiiiiiiiiiiia ., 20
Shale, blue ..covveriii i e 12
Lime, sandy, BraY ..covvereriniriieiiraneeranneenenns 6
Shale, blue ...coviiiii i e 7
Lime, gray «ovviiiiiit it et 6
Shale, blue ...oiiiiiiiii i i i e e e, 4
Lime, sandy, gray ....c.oviiiiiiiiiiiiiiiiininn, 50
Lime, sandy, blue .............co i, 35

Google



Seward County, Kansas 133

Thickness, Depth,

Jeet feet
Shale, blue ...coiiiiiiiiiii ittt it 5 2,400
Lime, sandy, gray .....cvveerriiirreneinenanaeianns 10 2410
Shale, blue .....cccvriiii i it 5 2,415
Sand and lime .......... ... it 12 2,427
Lime, gray «..ovviiiiii i i, 10 2437
Slate, black ....ccvvieiiiiiii it aaes 7 2,444
Lime, BraY ..covviririiitii i i iiaee e 16 2,460
Shale, blue ..........oiiiiiiiiiii ittt 41 2,501
Lime, graY «.veeeriiiiiiiii ittt ia i aaanas 14 2515
Shale, blue .......covviiriiiiiiiiriiii i 45 2,560
Lime, hard, gray ..........c.coiiiiiiiiiiiiiiae 25 2,585
Rock, pink ..o.ovviiiniii it iiiee, 10 2,595
Lime, blue ......cvviiiiiiiiiii it iiiieenas 15 2,610
Shale, blue ......coviiiiiiii i ittt 35 2,645
Sand i i ettt e 9 2,654
Lime, white .......coviiiiiiiiniireninnrennnnnenes 25 2679
1Y 1T Pt 10 2,689
Shale, blue ..ottt ittt iiritriienaaas 5 2,694
Shale, red .....c.ooviiiiiiii it i it 9 2,703
Lime, gray ....covviiiiiiiiiiernnnterennncrcnnnnass 24 2,727
Sand ..o i e e e, 22 2,749
Shale, blue and brown .........ceiiiiiiiiiieieennnn. 6 2,755
Red rock ..ovivniiiiiiiii i it eae, 7 2,762
Lime, BrBY vvveeinrrnniennerereennesnneereeenncnees 2 2,764

35. Drillers log of Vickers and McGinley No. 1 Hitch at the Cen. SW% sec. 33,
T.328,R.34 W. (Stearns and Sirecter Company, drillers.)

Thicknese, Depth,

feet Jeet
Sand, fine ..o i e 380 330
Shale, blue ... ... e 35 415
Shale, light-colored ..............ccviiiiiiiininann.. 32 447
Redrock ..ot 3 450
Shale, red ...t e 140 590
Redrock .....ooviniiiiiiii e 167 757
Sand, red ...... ... e 18 775
Redrock ...oooiniini i e 142 917
Shale, red .......ccooiiiiiii i 12 929
Sand, light-colored ................... ... ...l 6 935
Shale, red ..o e 25 960
Lime, hard, white................... ... ... ... 12 972
Shale,red ... 5 977
Lime, white ............... ... ... 8 9S85
Shale, red ........ ... 5 990
Lime, hard, white...............c.ooiiiiiiin, 5 995
Shale, soft, red............. .o i 15 1010
Lime, white ... i, 33 1,043
Sand, gray ..o e e 5 1,048
Shale, sandy, brown...............coiiiiii i, 27 1,075
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Thickness,
Jeet
Sand, red ...ttt i i 5
Shale, sandy, brown...........c.ooiiiiiiiiiiiiiin.., 15
Shale, red ...vvviviiiiiiiiiiiiiariiiiiieetineennens 45
1 s P 90
Sand,red ......iii e 76
Shale, red voovviverriiiineiiieiieiitieiraenaneens 329
Shale,blue ...covvviiiiiiiiiiiiiiiiiiiiii i 5
Shale, red ....coviniiiiiiiii i e 35
Lime, hard, white................. . ...t 20
Shale, red ...cvvviiriniii it i 71
Lime ...iniiiiiiiiiii i i et i e 4
Shale, red ......coviiiiiiiii 100
Lime, s8andy .....ovvieiiiiiniiineiiiiinnnerinnanns 5
Shale, red ......ooviiiiiiiiiiiii it iiiiineeens 5
Shale, blue .......ccoiviiiiiiiiiii i 8
Shale, red ...ooviiriiiiiiiiiie i iiii e 43
Lime, white ......ccviriiiiiiiiiiiriinieienernnns 7
Shale, varicolored ..........coiiiiiiiiiiie i 12
Shale, red ...coiiiiiiii e i 205
Shale, blue .....ovviiiiiniiiiiiiiiiie i i 55
Lime, blue ....coviviiiniiiiriniinerenreeneinnienns 20
Limeand shale ........oovveniveiieiiiiininniannn, 30
Shale, blue ...coviiiiiiiiiiiiiiiiieiieiriirereannens 5
Lime, white ........ccoviiiiiiii it 33
Shale, blue ....oviiiiiiiiiiii ittt e e, 21
Lime, white ...ttt e 6
Lime oot it et e e i e et e 38
Lime, white ......ooviiiiiniiiiiiiiiiiiinnennenn, 32
Shale ...iviiiiiiiii ittt it it e 35
Lime, white ...t 5
Shale, blue ......ccoviiiiiiiiii i 3
Lime, white ......cooiiieiiiiiiiiiiiiiiiiiiiinn 32
Lime ovierii i i e i e e 25
Shale,blue ..........ooiiiinii 10
Lime, blue ... s 37
Lime ..o e e et e 48
Shale, blue ..o e 18
Lime, Gray ...coviniiiii i s 34
Sand, dark .....oiiiii e 7
Shale,brown .......ooiviiiiii e 15
Lime, white ....oooiviiii it 28
Sand, BrAY vt e 14
708 o Ve O 2
Lime, sandy .vveviiiiiiii i e e 51
Lime, white ....... .. it 41
Shale, brown ........ .. oo i 7
D 071 ¢ V-t 22
Lime,sandy ....oovtiiiiiiii i i 25

Google

Depth,
feet
1,080
1,005
1,140
1,230
1,306
1,635
1,640
1,675
1,695
1,766
1,770
1,870
1,875
1,880
1,888
1,931
1,938
1,950
2,155
2,210
2230
2,260
2,265
2,298
2,319
2,325
2,363
2,305
2,430
2,435
2,438
2,470
2,495
2,505
2,542
2,590
2,608
2,642
2,715
2,730
2,758
2,772
2,774
2825
2 866
2873
2,895
2,920
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Shale, brown ..........c.iiiiiiiiiiie i
Sand, BraY ..ccovieriiiiniiiiiiiiiiiiiiiiiiiiieaas
Lime, white ......coviviiiiiiiiiiiiiii e
Lime, gray ....ocovvviiiiiiiiiii i
Lime, white .......cciiiiiiiiiiiii ettt
Shale,blue .........coviiiiiiiiiiiiiiii e
Shale, red .......ooiiiiiiii e
Lime, white .......vviiiiiiiiiiiii it
Shale, blue ............... e et
Lime, white ........ ..ottt
Lime, blue ...
Shale, blue ....coviiiiiiiii i
Lime, white ........... i i
Sand ... e e
Lime, white ..ottt
Sand .. e e
Lime, white ..........ccoiiii it
Sand ... e et
Sand, gray . .ooiii e
Sand, white ......... ...
Lime, white ..o
Shale, blue ......coovvviiiiiiii it
Lime oo e
Lime, hard, white................ociiiiiiii ..
Sand ... e e
Sand,white ......... ... i i
Lime, white ...ttt
Sand ... e
Lime, white .......... i
LAme oo e e
Lime, hard, white................. ...,
Sand, white ...t
Lime, hard, white ............. .. ..ol
Lime, soft, blue ..............c.o i,
Lime, white ........... ittt
Lime,blue ..oooviei i
Lime, white .........oiiiiiiiiiiii i,
Lime, blue ...
Lime, black ...t
Lime,blue ..........coo i
Shale,blue .........coviiii
Lime, black ......... ...
Lime, blue ......................ooal, s
Lime,brown ...........coiiiiiiiiiiiiiiieiii i,
Lime, black ... i

Google

Thickness,
eet

29
21
20
55
10

2
30
53
60

4
11
20

6
3
38

4
25
39
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Depth,
feet

2,049
2,970
2,990
3,045
3,055
3,057
3,087
3,140
3,200
3,204
3215
3235
3241
3274
3312
3316
3341
3,380
3,382
3,390
3,425
3,445
3475
3,480
3,495
3,497
3.509
3516
3,521
3,525
3,582
3,591
3,600
3,624
3,685
3.690
3,735
3745
3,790
3795
3.835
3,850
3.870
3910
3917
3937
3962
4.000
4015



136 Geological Survey of Kansas
REFERENCES

Apams, G. I, 1502, Note on a Tertiary terrane new in Kansas geology: Am.
Geologist, vol. 29, pp. 301-303.

Casg, E. C, 1894, A geological reconnaissance in southwest Kansas and No
Man’s Land: Kansas Univ. Quart., vol. 2, pp. 143-147.

CracIN, F. W, 1891, On a leaf-bearing terrane in the Loup Fork: Am. Geolo-
gist, vol. 8, pp. 29-32.

, 1896, Preliminary notice of three late Neocene terranes of Kansas:
Colorado Coll. Studies, vol. 6, pp. §3-54.

Darron. N. H,, 1898, Preliminary report on the geology and water resources of
Nebraska west of the 103rd meridian: U. 8. Geol. Survey, 19th Ann. Rept.,
pt. 4, pp. 719-785. Reprinted also as U. 8. Geol. Survey, Prof. Paper 17
(1903).

, 1906, Preliminary report on the geology and underground-water re-
sources of the central Great Plains: U. S. Geol. Survey, Prof. Paper 32, pp.
1-409, figs. 1-18, pls. 1-72,

Davison, M. H., 1939, Irrigation pumping plants—construction and costs: Kan-
sas State Bd. Agr., Div. Water Resources, vol. 58, no. 231-C, pp. 1-52.

Dean, H. T., 1936, Chronic endemic dental fluorosis: Am. Med. Assoc. Jour.,
vol. 107, pp. 1260-1272.

Dreax, H. T.. Arvowp, F. A, Jr.. and Evvove, Euias, 19,2, Domestic water and
dental caries: Public Health Repts., vol. 57, pp. 1155-1179.

Frye, J. C., 1752, Geology and ground-water resources of Meade County, Kan-
sas: Kansas Geol. Survey, Bull. 45, pp. 1-152, figs. 1-13, pls. 1-12.

Fryg, J. C., and Hissaro, C. W, 1941, Pliocene and Pleistocene stratigraphy and
paleontology of the Meade Basin, southwestern Kansas: Kansas Geol. Sur-
vey, Bull. 38, pt. 13, pp. 389424, figs. 1-3, pls. 1-4.

Frye, J. C., and Syurn, H. T. U, 1942, Preliminary observations on pediment-
like slopes in the central High Plains: Jour. Geomorphology, vol. 5. no. 3,
pp. 215-221.

Gouvwp, C. N, and Lox=spaLe, J. T.. 1926, Geology of Beaver County, Oklahoma:
Oklahoma Geol. Survey, Bull. 38, pp. 1-71, fig. 1, pls. 1-16.

HawortH, Frasmus, 1897, The geology of underground water in western Kan-
sas: Rept. Bd. Irrigation Survey and Experiment for 1895 and 1896, pp. 49-
114, figs. 7-11.

. 1877 a, Underground waters of western Kansas: U. S. Geol. Survey,
Water-Supply Paper 6, pp. 1-65, figs. 1-2, pls. 1-12.

, 1847b, Physiography of western Kansas: Kansas Univ. Geol. Survey,
vol. 2, pp. 1149.

, 1897 ¢, Physical propertics of the Tertiary: Kansas Univ. Geol. Survey,
vol. 2, pp. 247-284.

, 1913, Special report on well waters in Kansas: Kansas Univ. Geol. Sur-
vey, Bull. 1, pp. 1-103, figs. 1-9, pls. 1-6.

Hay, Rosert, 1895, Water Resources of a portion of the Great Plains: U. S.
Geol. Survey, 16th Ann. Rept., pt. 2, pp. 535-588,

Google



Seward County, Kansas 137

Hisearo, C. W., 1944, Stratigraphy and vertebrate paleontology of Pleistocene
deposits of southwestern Kansas: Geol. Soc. America Bull,, vol. 55, pp. 707-
754, figs. 1-20, pls. 1-3.

JoeL, A. H. 1987, Soil Conservation Service reconnaissance survey of the
southern Great Plains wind-erosion area: U. 8. Dept. Agri., Tech. Bull. 556,
pp. 1-59, figs. 1-2, pls. 1-14.

JorNsoN, W. D, 1901, The High Plains and their utilizatior: U. 8. Geol. Sur-
vey, 21st Ann. Rept., pt. 4, pp. 601-741, figs. 300-329, pls. 113-156.

, 1902, The High Plains and their utilization (sequel): U. 8. Geol. Sur-
vey, 22d Ann. Rept., pt. 4, pp. 631-669, figs. 236-244, pls. 51-85.

Lanoes, K. K., 1928, Voleanic ash resources of Kansas; Kansas Geol. Survey,
Bull. 14, pp. 1-58, figs. 1-3, pls. 1-5.

, 1987, Mineral resources of Kansas counties: Kansas Geol. Survey,
Min. Resources Circ. 6, pp. 1-110.

Larra, B. F., 1941, Geology and ground-water resources of Stanton County,
Kansas: Kansas Geol. Survey, Bull. 37, pp. 1-119, figs. 1-8, pls. 1-9.

, 1944, Geology and ground-water resources of Finney and Gray Coun-
ties, Kansas: Kansas Geol. Survey, Bull. 55, pp. 1-272, figs. 1-21, pls. 1-12.

Mmnzer, O. E,, 1923, The occurrence of ground water in the United States,
with a discussion of principles: U. 8. Geol. Survey, Water-Supply Paper
489, pp. 1-321, figs. 1-110, pls. 1-31.

, 1928a, Outline of ground-water hydrology, with definitions: U. S. Geol.
Survey, Water-Supply Paper 494, pp. 1-71, figs. 1-35.

Mpeinzer, O. E, and WeNzEL, L. K., 122, Movement of ground water and its
relation to head, permeability, and storage: Hydrology, pp. 444-477, Mec-
Graw-Hill Beok Co., New York.

, 1948, Water levels and artesian pressure in observation wells in the
United States in 1941: U. S. Geol. Survey, Water-Supply Paper 938, pp.
1-232.

, 1944, Water levels and artesian pressure in observation wells in the
United States in 1942: U. S. Geol. Survey, Water-Supply Paper 946, pp.
1-278.

, 1945, Water levels and artesian pressure in observation wells in the
United States in 1943: U. S. Geol. Survey, Water-Supply Paper 988, pp.
1-352.

Moore, R. C., and ornuers, 1240, Ground-water resources of Kansas: Kansas
Geol. Survey, Bull. 27, pp. 1-112, figs. 1-28, pls. 1-34.

Luan, A. L., and Wenzen, L. K., 1938, Geology and ground-water resources
of south-central Nebraska, with special reference to the Platte River Val-
ley between Chapman and Gothenburg: U. 8. Geol. Survey, Water-Supply
Paper 779, pp. 1-242, figs. 1-21, pls. 1-16.

McCarL, K. D., and Davison, M. H., 1739, Cost of pumping for irrigation:
Kansas State Bd. Agri., Div. Water Resources, Bull. 234, pp. 1-53, figs. 1-14.

McLavauuin, T. G., 1942, Geology and ground-water resources of Morton
County, Kansas: Kansas Geol. Survey, Bull. 40, pp. 1-126, figs. 1-6, pls. 1-9.

Google



138 Geological Survey of Kansas

McLaverLIN, T. G., 1948, Geology and ground-water resources of Grant,
Haskell, and Stevens Counties, Kansas: Kansas Geol. Survey, Bull. 61, pp.
1-221, figs. 1-18, pls. 1-12.

Parker, H. N, 1911, Quality of the water supplies of Kansas: U. 8. Geol.
Survey, Water-Supply Paper 273, pp. 1-375, fig. 1, pl. 1.

PrumMmEer, NorMAN, and RoMary, J. F., 1942, Stratigraphy of the pre-Green-
horn Cretaceous beds of Kansas: Kansas Geol. Survey, Bull. 41, pt. 9, pp.
313-348, figs. 14, pls. 1-2.

Scaorr, 8. L., and SrovawL, J. W., 1948, Geology and ground water resources
of Cimarron County, Oklahoma: Oklahoma Geol. Survey, Bull. 64, pp.
1-317, figs. 1-27, pls. 1-23.

Scormwp, C. 8., 1988, Quality of irrigation waters: California Dept. Public
Works, Div. Water Resources, Bull. 40, pp. 1-95, pls. 1-2.

Sumrru, H. T. U,, 1940, Geologic studies in southwestern Kansas: Kansas Geol.
Survey, Bull. 34, pp. 1-244, figs. 1-22, pls. 1-34.

Tazeis, C. V., Burweion, H. P., and Warrs, H. A, 1935, Ground water in the
southim High Plains: U. 8. Dept. Interior, Memo. for the Press, Oct. 30,
PP- 14.

Warre, H. A, 1942, Geology and ground-water resources of Ford County, Kan-
sas: Kansas Geol. Survey, Bull. 43, pp. 1-250, figs. 1-22, pls. 1-16.

Ver Wiese, W. A, 1941, Exploration for oil and gas in western Kansas during
1940: Kansas Geol. Survey, Bull. 36, pp. 1-109, figs. 1-40.

Google



Abstiuct, 7
Acknowiedgments, 13
Agriculture, 20
Alluvium, 82, 85, 87
Artesian conditions, 38

Buffalo wallows, 14
Building stone, 26

Culiche, 26
Cambrian rocks, 83
Cenozoic era, 84
Chase group, 88
Chemical analyses, table of, 60
Cimarron river, 15, 36
Climate, 17
Colluvium, 85, 88
character, 88
distribution and thickness, 89
water supply, 89
Cretaceous history, 34, 67
Cretaceous rocks, 82, 84, 67

Dakota formation, 87
character, 67
distribution and thickness, 68
water supply, 68

Devonian rocks, 88

Discharge, ground-water, 47

Dissolved solids in water, 59

Domestic supplies, 52

Drainage, 18

Drainage basins, 156

Drawdown in wells, 48

Dune sand, 14, 82, 85, 87

Evaporation, 47

Farming, 20

Fluctuations of water table, 43
Fluoride in ground water, 63
Future industrial supplies, 56
Future irrigation supplies, 59

Gas, 23

Geography, 13

Geologic formations, 38, 67
Alluvium, 32, 85, 87
Colluvium, 85, 88
Dakota formation, 67
Dune sand, 14, 32, 35, 87
generalized section of, 30
Kingsdown silt, 82, 85, 85

Laverne formation, 26, 32, 84, 63

Meade formation, 27, 32, 77
Ogallala formation, 34, 72
Rexroad formation, 32, 84, 73
Terrace deposits, 35, 86

Google

INDEX

Geologic history, 38

Geology, 29

Gravel, 26

Gravel packed wells, 50

Ground water, 36
chemical character of, 59
discharge, 47
occurrence, 86
recharge, 44
recovery, 48
utilization, 62

Growing season, 18

Gulfian rocks, 67

Hardness of ground water, 62
Highways, 29

Industrial supplies, 65

future supplies, 66
Iron in ground water, 63
Irrigation supplies, 56

future supplies, 59

Harlow irrigation project, 58

Liberal Deep-Well Irrigation Co.

project, 56
Irrigation water, quality of, 64

Jurassic period, 88

Kingsdown silt, 82, 85, 85
character, 86
distribution and thickness, 85
water supply, 86

Kismet, water supply, 53

Laverne formation, 26, 82, 34, 68
character, 69
distribution and thickness, 71
water supply, 72

Liberal, Climate, 18
water supply, 52

Location of area, 9

Logs of test holes and wells, 101

Meade formation, 27, 32, 77
character, 78
distribution and thickness, 83
water supply, 83

Measured sections, 69, 74, 75, 76, 78, 79

Mesozoic era, 33

Methods of investigation, 12
Mineral resources, 28
Municipal supplies, 52

Observation wells, 44
Ogallala formation, 34, 72

Paleoziic era, 83
Pennsylvanian rocks, 83

(139)



140

Permeability, 37

Permian history, 29, 88
Permian rocks, 29, 38, 67
Physiographic divisions, 13
Pleistocene rocks, 85, 77
Pliocene rocks, 34
Population, 27

Porosity, 87
Precipitation, 19

Public supplies, 52
Pumps, types of, 51

Quality of ground water, 59
in alluvium, 66
relation to stratigraphy, 65
sanitary consideration, 65
water for irrigation, 64
Quoternary, 32, 35, 77

Ruilroads, 29
water supplics, 54
Recent, 32, 85
Recharge, ground water, 44
from precipitation, 45
from seepage, 47
subsuriace inflow, 47
Records of wells and springs, 91
Recovery of ground water, 48
Redbeds, 67
References, 139
Rexroad formation, 32, 84, 73
character, 73
distribution and thickness, 76
water supply, 77

Sanitary considerations, 65
Silurian period, 33
Specific vield, 37

Springs, 47

Stock raising. 21

Google

Index

Stock supplies, 52
Stratigraphy, summary of, 29

Temperature, 17, 18
Terrace deposits, 85, 86
Tertiary rocks, 84, 68
Test holes, location, pl. 4
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Upper phase
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Caliche
Clay or shale
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