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GEOLOGY AND GROUND-WATER RESOURCES
OF MORTON COUNTY, KANSAS

By THap G. McLAUGHLIN

ABSTRACT

Morton county is in the southwestern corner of Kansas and is a part of the
southern High Plains section of the Great Plains province. It is relatively flat
and is drained by Cimarron river and its tributaries. The county has a semi-
arid climate, the average annual precipitation being about 18 inches. Wheat
farming is the principal occupation, but row crops are cultivated extensively in
the areas of dune sand south of Cimarron river.

The depth to the ground-water table ranges from about 30 feet in the north-
western part of the county to about 225 feet in the southeastern part. The
water table slopes eastward at an average rate of about 19 feet to the mile.
The maximum slope, which is in the northwestern part of the county, is about
40 feet to the mile. The minimum slope is 7 feet to the mile, in the north-
eastern corner of the county.

The ground-water reservoir is recharged by flood waters in the ephemeral
streams north of Cimarron river, by direct precipitation on the areas of dune
sand south of the river, and by precipitation in the county or on the outcrops
of water-bearing beds in near-by areas.

Water is discharged from the ground-water reservoir by wells, by seepage
into Cimarron river, and by transpiration and evaporation in the Cimarron
river valley. There is also a gradual subsurface movement of ground water
euastward out of the county.

Most of the wells in this area are drilled, but a few are bored or dug. The
water is principally for domestic and stock use but some is used for public,
railroad, or irrigation supplies.

The ground water in this area is hard, but it is suitable for most ordinary
uses. The waters from the Cockrum sandstone, the Ogallala formation, and the
Cheyvenne sandstone are similar in composition and hardness. Waters from the
alluvium and from the Triassic(?) and Permian redbeds are very hard and are
not suitable for domestic use. Much of the water contains fluoride in amounts
that may be harmful, particularly the water from the Cockrum sandstone.

There are six divisions of the stratified rocks in Morton county that con-
tain water supplies useful to man. These water-bearing rocks range in age from
Permian to Recent. The Permian redbeds yield mineralized water to flowing
artesian wells at depths of 550 to 700 feet near Richfield. The water contains
considerable calcium and sulphate derived from gypsum associated with the
redbeds.

The Triassic(?) redbeds yield water from beds at two horizons. The upper
zone of buff sandstone yields moderately hard water to wells in the vicinity of
Point Rock on Cimarron river. Flowing artesian wells are obtainable in the

N
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lower zone of red sandstone and siltstone ncar Point Rock, and the water is
reported to be highly mineralized. The Triassic(?) redbeds are in places over-
lain by the clays and marls of the Morrison(?) formation, which probably yicld
little or no water to wells in this county.

The next younger formation, the Cheyenne sandstone, yields water to wells
in the northwestern part of the county at depths of 172 to 215 feet. The Kiowa
shule has a low permeability and probably yields little or no water to wells.

The Cockrum sundstone overlies the Kiowa shuale and yields water to most
of the wells in the northwestern quarter of the county at depths of 30 to 125
feet.

Most of the county is underlain by undifferentiated silt, sand, and gravel of
Pliocene and Pleistoeene age. The Ogallala formation (Pliocene), consisting of
silt, sand, and gravel, is the principal water bearer in the county and yields
water to wells in all but the northwestern part of the county. The depth to
water level in the Ogallala ranges from 60 feet in the northern part of the
county to 225 feet in the southeastern part of the county. The Ogallala forma-
tion lies unconformably on rocks of Permian to Cretaceous age. The Ogallala
formation and the overlying undifferentiated Pleistocene deposits are overlain,
north of the river, by a thin blanket of loess. South of the river they are
covered by dune sand.

In the Cimarron river valley are deposits of alluvium that yield very hard
water to shallow stock wells,

Logs of test holes, water wells, and gas wells are given in the report. The
duta on water wells, on chemical analyses of waters, and on water-table fluctua-
tions are listed in tables. The surface geology of the county, the depths to the
water table, and the shape of the water table are shown on mups.
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INTRODUCTION

PURPOSE AND SCOPE OF THE INVESTIGATION

In July, 1939, an investigation of the geology and ground-water
resources of Morton county, Kansas, was undertaken by the United
States Geological Survey and the State Geological Survey of Kansas,
with the cooperation of the Division of Sanitation, Kansas State
Board of Health, and the Division of Water Resources, Kansas State
Board of Agriculture. This work was done under the general ad-
ministration of R. C. Moore and K. K. Landes, state geologists, and
O. E. Meinzer, geologist in charge of the Division of Ground Water
of the Federal Survey, and under the direct supervision of S. W.
Lohman, Federal geologist in charge of ground-water investigations
in Kansas.

Since 1931 an extended drought, accompanied by severe dust
storms, has caused repeated crop failures in western Kansas. These
conditions have resulted in a lower farm income and an increased
interest in the possibilities of irrigation in this area.

During the last nine years Morton county has had an average an-
nual precipitation far below normal, resulting in a cumulative de-
ficiency in rainfall for the nine years of more than 61 inches.

The investigation upon which this report is based was made in
order to determine as nearly as possible the quantity, quality, move-
ment and availability of the ground water, and the location and ex-
tent of areas in which ground water may be developed for irrigation.
The present uze of water for domestic, stock, public, and irrigation
supplies does not scem to be depleting the supply of ground water in
this county, but it is possible that future overdeveloping of water for
irrigation in shallow-water areas might seriously endanger this sup-
ply. It is hoped that the data given herein will facilitate the safe
development of the ground-water resources of the county.

LocaTioN AND SIZE OF THE AREA

Morton county is in the southwestern corner of Kansas (fig. 1).
It is bordered on the south by Oklahoma and on the west by Colo-
rado. Most of the county lies between parallels 37° and 37°24’ north
latitude and meridians 101°33" and 102°3" west longtitude. It in-
cludes 20 townships and has an area of 733 square miles.

($)]
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10 Geological Survey of Kansas

Previous WoRk

The first studies of the ground-water resources of western Kansas
were made in 1895 by Haworth (1897, pp. 49-114), who discussed
the occurrence of ground water in the Cockrum sandstone and
younger formations of western Kansas. A few years later Johnson
(1900, pp. 601-741, 1901, pp. 631-669) made a study of the southern
High Plains with special reference to ground water, its source, its
availability, and its use. At about the same time Darton (1905)
studied the geology and ground-water resources of eastern Colorado
and western Kansas, including Morton county. In 1911 Parker

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

(1911) reported on the chemical characters of the water supplies of
Kansas and described briefly the geology and ground-water condi-
tions of each county.

Theis, Burleigh, and Waite (1935) made a two-year reconnais-
sance of the ground-water resources of the southern High Plains and
released a mimeographed summary of their findings. Later, Schoff
(1939) made a detailed study of the ground water in Texas county,
Oklahoma, including a section on the uplands in adjacent parts of
Oklahoma and Kansas. Texas county borders Morton county on the
south and has many similar hydrologic problems. Smith (1941)
made a reconnaissance of the Tertiary and Quaternary geology of
southwestern Kansas.
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12 Geological Survey of Kansas

locations of the test holes are shown in figure 2. The depths of the
test holes ranged from 90 to 430 feet (xee well logs). Five of the
test holes were drilled to the Cockrum sandstone and seven pene-
trated Triassic(?) or Permian redbeds. The drill cuttings were col-
lected and studied in the field by Perry MeNally and were later ex-
amined with a microscope in the office. Considerable information
was obtained from landowners, tenants, and drillers concerning the
nature and thickness of the water-bearing beds, the quantity and
quality of water available, and the use to which it is put. Well logs
were obtained from water-well drillers and from companies that have
drilled gas wells in the Morton county section of the Hugoton gas
field. The altitudes of the measuring points of some of the water
wells and of a few test holes were determined with a plane table and
alidade by a level party of the Topographic Branch of the Federal
Geological Survey, headed by J. B. LaDuex. This level work was
done as a part of the regular codperative topographic mapping pro-
gram of the Federal and State Geological Survevs. The altitudes at
the rest of the test holes were determined by the well-drilling crew—
Gordon and McNally.

The field data were recorded on land-ownership maps, and were
transferred in the office to a highway map of the county prepared for
the Kansas Highway Planning Board by the Kansas Highway De-
partment (pls. 1 and 2). The roads and drainage were corrected
from field observations and from aerial photographs taken by the
United States Department of Agriculture, A geologic map (pl. 1)
was made mainly from field observations of the rock outerops but in
part from the soil map of Morton county prepared by Joel (1937).
A study was made of the various kinds of ~oil and the rock types
from which they were developed. The soil is so closely related to
the parent rock from which it is derived that much of the geology,
particularly the arcal extent of the loess, is revealed by the soil maps.
The map showing the depths to water level (pl. 2) is bazed mainly
upon measured water levels in many wells in the county (table 6).

The wells shown on plate 2 were located within the seetions by use
of the speedometer, and the locations are aceurate to about 0.1 mile,
The wells are numbered by townships from north to south and by
ranges from east to west, and within a township the wells are num-
bered in the same order as the sections. For cach well shown on
plate 2 the number above the line corresponds to the number of the
well in the well tables and the number below the line is the depth to
“he ground-water table below a fixed measuring point.
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GEOGRAPHY

ToPOoGRAPHY AND DRAINAGE

Morton county is in the High Plains section of the Great Plains
physiographic province. It comprises a comparatively flat, nearly
featureless plain interrupted by the valleys of Cimarron river and its
tributaries and by an extensive area of sand dunes south of Cim-
arron river. About 60 percent of the area of the county is upland
that is predominantly flat, but locally has broad mounds and de-
pressions. More than 30 percent of the area is covered by dune
=and, of which about 60 percent has a typical sand-dune topography.
In some places the sand dunes form relatively steep, irregular hills,
and in other places broad rises and depressions that locally give the
area a hummocky topography. Slopes along the stream valleys make
up the other 10 percent of the area. These slopes are gentle along
parts of North Fork of the Cimarron but are abrupt along the north
side of the main channel of the Cimarron.

The highest points in the county are in the northwestern and
southwestern parts where the altitude slightly exceeds 3,700 feet.
The lowest point is along North Fork of the Cimarron in the north-
eastern part of the county, and has an altitude of about 3,150 fect.
The total relief, therefore, is about 550 feet.

The land surface in Morton county slopes toward the northeast at
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14 Geological Survey of Kansas

the rate of about 15 feet to the mile. The slope from south to north
in the western part of the county is about 10 feet to the mile and in
the eastern part of the county it is about 7 feet to the mile.

Morton county is drained by Cimarron river and its tributaries,
all of which are intermittent streams. Cimarron river enters the
county from the west at a point about 5.5 miles north of the Kansas-
Oklahoma line, flows east-northeast across the county, and enters
Stevens county at a point about 10.5 miles south of the Stanton-
Morton county line. The valley of Cimarron river is about half a
mile wide throughout the county and is 100 to 225 feet deep. It is
marked on the north side by rounded bluffs and on the south side by
sand dunes. The tributaries of the Cimarron are all north of the
river and flow northeastward in a direction roughly parallel to the
direction of flow of the Cimarron. The tributary valleys are 50 to
100 feet deep and about one mile wide.

Cimarron river rises in northeastern Colfax county, New Mexico,
near the city of Raton, and flows eastward through northern Union
county, New Mexico, into Cimarron county, Oklahoma, and across
the southeastern corner of Baca county, Colorado, into Kansas. In
dry weather it obtains its water from springs and seeps in the Meso-
zoic and Tertiary rocks that crop out in its drainage basin. Gen-
erally there is no visible flow in the Cimarron except after heavy
rains, but the water level along much of its course is only a few feet
below the stream bed.

It is interesting to note the great changes that have taken place in

Cimarron river and its valley within a comparatively short time. At
the present time the Cimarron usually is dry throughout most of its
course in Kansas, but it may contain some water in the eastern
counties even in dry weather, owing to the addition of water by trib-
utary streams in those counties. In contrast to this, Haworth, in
1897 (p. 21) stated that
In Kansas it [Cimarron river] has water in it throughout the greater part of
the year in most of its course.
According to Johnson (1901, p. 664), in 1901 the flow ncar Arkalon,
Seward county, was about 82 second feet and the flow at a point
south of Englewood, Clark county, was large enough so that a di-
version diteh, using only about one-third of the perennial flow, sup-
plied enough water to irrigate 1,200 acres of bottom land. According
to the office of the U. S. Geological Survey in Topeka, the average
daily discharge of Cimarron river near Arkalon in 1938-'39 was 42.3
second feet.
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16 Geological Survey of Kansas

In 1911 Parker (pp. 143, 144, 305-311) wrote that—

At irregular intervals the river sinks into the sand and flows beneath the
surface for a number of miles. For instance, from the old post office of Met-
calf, Okla., to Point of Rocks, Kan., a distance of 25 miles, the channel of the
Cimarron is often dry, but at Point of Rocks, Kan., the water comes to the
surface at Wagon Bed Springs, a famous camp on the old Santa Fe trail, and
the channel is usually full from that point on for a number of miles.

William Euaston Hutchison states that the Cimarron river is a constantly
running stream throughout the entire width of Morton county, where it has
a valley on one side or the other of the channel from one-half mile to three
miles in width, on which an abundant crop of natural hay is raised.

Prior to about 1900, the Cimarron river valley was a broad, shal-
low grass-covered depression, and the water table beneath the valley
was near the land surface, but successive floods, particularly that of
1914, have destroyed the grass cover and left a barren area of allu-
vium between the bluffs on the north side and the sand hills on the
south side. The marked change in the appearance of the Cimarron
valley from 1899 to 1939 is shown in plate 3.

The area of sand dunes south of Cimarron river has many un-
drained basins in which rainfall collects, sinks into the porous ma-
terial, and finds its way to the ground-water reservoir.

CLIMATE

Morton county, like other parts of the High Plains section, has
a climate characterized by low precipitation, rapid evaporation, a
wide range of temperature variations, hot summers and moderate
winters, and occasional blizzards. The winds are strong throughout
the year, especially in late winter and early summer, the prevailing
winds being from the south and southwest. These strong winds, to-
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F16. 3. Graph showing the annual precipitation at Richficld, Kan. (from
records of the U. S. Weather Bureau).
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Geology and Ground Water, Morton County 17

gether with the extended dry periods and overcultivation of the land,
have added another feature to the climate of the High Plains—the
dust storm.

The annual precipitation in the southern High Plains scetion is
extremely variable. According to the U. S. Weather Burcau the
greatest annual precipitation on record in Morton county was 32.58
inches in 1891 and the least was 7.09 inches in 1935. (All climatie
data, unless otherwise stated, are based on the records of the U. S.
Weather Bureau's station at Richfield, Kan.) The mean annual pre-
cipitation is 17.86 inches. The graphs show the annual precipitation
at Richfield (fig. 3), and the annual precipitation and departure
from the normal precipitation at Elkhart (fig. 4).

The data shown in figures 3 and 4 indicate that by the end of 1939
Morton county had experienced the longest period of subnormal
precipitation since the weather records were begun. The accumu-
lated deficiency in precipitation at Elkhart by the end of 1939 ex-
ceceded 60 inches.

Many of the rains are very localized and torrential. In a single
rainstorm in the summer of 1939 more than 4 inches of rain fell on
a small area about 5 miles south of Elkhart, while only a trace was
recorded at Elkhart. In 1925 the total precipitation recorded at
Richfield was 9.8 inches less than that recorded at Elkhart, which
is only 20 miles away. July is usually the wettest month of the year
and January is generally the driest month. In July, 1895, the pre-
cipitation was 12.31 inches, which was more than half of the total
precipitation for that year and nearly twice as great as the total
precipitation in 1935. The average annual snowfall is 19.9 inches,
of which the greater part falls in December and February.

The mean annual temperature in Morton county is 55.3° F. The
highest temperature ever recorded in the county was 111° F., in June,
and the lowest was —19° F., in January. The average date of the
last killing frost in the spring is April 23, but killing frosts have oc-
curred as late as May 22. The first killing frost in the fall has oc-
curred as early as September 23 and as late as November 8, but it
generally takes place about October 18. The average length of the
growing scason is about 178 days; however, the secason has ranged
from a minimum of 135 days in 1895 to a maximum of 204 days in
1900.

Generally more than 300 day= of cach yvear are elear or only partly
cloudy, and this high pereentage of elear days, together with the high
summer temperatures and low humidity, results in a total vearly
evaporation of about 60 to 70 inches.
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F1a. 4. Graphs showing (A) the annual precipitation at Elkhart, Kan,
and (B) the cumulative departure from normal precipitation at Elkhart
(from records of the U. 8. Weather Bureau).
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Geology and Ground Water, Morton County 19

MIiINERAL RESOURCES

Eastern Morton county is a part of the Hugoton gas field, which
is potentially one of the largest in the world. The first successful
test well for gas was completed on the Boles farm, in sec. 3, T. 35 S.,
R. 34 W, in the summer of 1920. It had an initial production of
5,000,000 cubic feet a day. Since then more than 35 gas test wells
have been drilled in Morton county. Two test wells in the western
part of the county were unsuccessful, but all others in the county
have had large initial production. The gas is produced from Per-
mian rocks at depths ranging from 2,716 to 3,450 feet.

In the following table are listed the gas test wells drilled in Mor-
ton county as of 1938, and the total depth and initial production of
each well. Data were supplied principally by the Argus Production
Company at Hugoton.

The initial production of the wells ranges from about 1,000,000 to
14,000,000 cubic feet of gas a day, and the bottom-hole pressure is
about 450 pounds to the square inch. Part of the gas is used locally
by small communities and by farmers, but most of it is piped to
Hugoton where it enters the main pipe lines to Kansas City and
Chicago. The ready availability of large quantities of cheap natural
gas may be instrumental in the development of the shallow-water
irrigation area north of Rolla, which lies within the gas field.

Other than gas, the mineral resources of Morton county are scarce,
so far as now known. Gravels along Cimarron river have been
used to a very slight extent as road metal and as building stone, but
caliche found at many places in the county is used extensively as
road metal on state and county highways.

AGRICULTURE

The settlement of Morton county began in the latter part of the
19th century. A great boom in the cattle industry began in 1880,
and as a result the entirc Great Plains province became fully
stocked.* This era was followed by a period of severe drought from
about 1886 to 1895, which caused many farmers to abandon the area
and forced those who remained to begin breaking the sod to plant
wheat. The Homestead Act, which granted only 160 acres of land
to each family, encouraged the growth of wheat farming because 160
acres of land was scarcely sufficient to support a family if they de-
pended entirely upon stock raising. The development of the tractor
and other modern farming equipment, together with the unusually

* The future of the Great Plaws: Report of the Great Plains Committee, pp. 1-112, 1936,
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12 Geological Survey of Kansas

locations of the test holes are shown in figure 2. The depths of the
test holes ranged from 90 to 430 feet (sce well logs). Five of the
test holes were drilled to the Cockrum sandstone and seven pene-
trated Triassic(?) or Permian redbeds. The drill cuttings were col-
lected and studied in the field by Perry MeXNally and were later ex-
amined with a microscope in the office. Considerable information
was obtained from landowners, tenants, and drillers concerning the
nature and thickness of the water-bearing beds, the quantity and
quality of water available, and the use to which it is put. Well logs
were obtained from water-well drillers and from companies that have
drilled gas wells in the Morton county section of the Hugoton gas
field. The altitudes of the measuring points of some of the water
wells and of a few test holes were determined with a plane table and
alidade by a level party of the Topographic Branch of the Federal
Geological Survey, headed by J. B. LaDuex. This level work was
done as a part of the regular codperative topographic mapping pro-
gram of the Federal and State Geological Surveys. The altitudes at
the rest of the test holes were determined by the well-drilling crew—
Gordon and McNally.

The field data were recorded on land-ownership maps, and were
transferred in the office to a highway map of the county prepared for
the Kansas Highway Planning Board by the Kansas Highway De-
partment (pls. 1 and 2). The roads and drainage were corrected
from field observations and from aerial photographs taken by the
United States Department of Agriculture. A geologic map (pl. 1)
was made mainly from field observations of the rock outerops but in
part from the soil map of Morton county prepared by Joel (1937).
A study was made of the various kinds of =01l and the rock tvpes
from which they were developed. The soil is so closely related to
the parent rock from which it is derived that much of the geology,
particularly the areal extent of the loess, is revealed by the =01l maps.
The map showing the depths to water level (pl. 2) is based mainly
upon measured water levels in many wells in the county (table 6).

The wells shown on plate 2 were located within the seetions by use
of the speedometer, and the locations are accurate to about 0.1 mile.
The wells are numbered by townships from north to south and by
ranges from cast to west, and within a township the wells are num-
bered in the same order as the sections. For each well shown on
plate 2 the number above the line corresponds to the number of the
well in the well tables and the number below the line is the depth to
the ground-water table below a fixed measuring point,
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GEOGRAPHY

ToPOGRAPHY AND DRAINAGE

Morton county is in the High Plains section of the Great Plains
physiographic province. It comprises a comparatively flat, nearly
featureless plain interrupted by the valleys of Cimarron river and its
tributaries and by an extensive area of sand dunes south of Cim-
arron river. About 60 percent of the area of the county is upland
that is predominantly flat, but locally has broad mounds and de-
pressions. More than 30 percent of the area is covered by dune
sand, of which about 60 pereent has a typical sand-dune topography.
In some places the sand dunes form relatively steep, irregular hills,
and in other places broad rises and depressions that locally give the
area a hummocky topography. Slopes along the stream valleys make
up the other 10 percent of the area. These slopes are gentle along
parts of North Fork of the Cimarron but are abrupt along the north
side of the main channel of the Cimarron.

The highest points in the county are in the northwestern and
southwestern parts where the altitude slightly exceeds 3,700 feet.
The lowest point is along North Fork of the Cimarron in the north-
eastern part of the county, and has an altitude of about 3,150 fect.
The total relief, therefore, is about 550 feet.

The land surface in Morton county slopes toward the northeast at
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14 Geological Survey of Kansas

the rate of about 15 feet to the mile. The slope from south to north
in the western part of the county is about 10 feet to the mile and in
the eastern part of the county it is about 7 feet to the mile.

Morton county is drained by Cimarron river and its tributaries,
all of which are intermittent streams. Cimarron river enters the
county from the west at a point about 5.5 miles north of the Kansas-
Oklahoma line, flows east-northeast across the county, and enters
Stevens county at a point about 10.5 miles south of the Stanton-
Morton county line. The valley of Cimarron river is about half a
mile wide throughout the county and is 100 to 225 feet deep. It is
marked on the north side by rounded bluffs and on the south side by
sand dunes. The tributaries of the Cimarron are all north of the
river and flow northeastward in a direction roughly parallel to the
direction of flow of the Cimarron. The tributary valleys are 50 to
100 feet deep and about one mile wide.

Cimarron river rises in northeastern Colfax county, New Mexico,
near the city of Raton, and flows eastward through northern Union
county, New Mexico, into Cimarron county, Oklahoma, and across
the southeastern corner of Baca county, Colorado, into Kansas. In
dry weather it obtains its water from springs and seeps in the Meso-
zoic and Tertiary rocks that crop out in its drainage basin. Gen-
erally there is no visible flow in the Cimarron except after heavy
rains, but the water level along much of its course is only a few feet
below the stream bed.

It is interesting to note the great changes that have taken place in

Cimarron river and its valley within a comparatively short time. At
the present time the Cimarron usually is drv throughout most of its
course in Kansas, but it may contain some water in the eastern
counties even in dry weather, owing to the addition of water by trib-
utary streams in those counties. In contrast to this, Haworth, in
1897 (p. 21) stated that
In Kansas it [Cimarron river] has water in it throughout the greater part of
the year in most of its course.
According to Johnson (1901, p. 664), in 1901 the flow near Arkalon,
Seward county, was about 82 second feet and the flow at a point
south of Englewood, Clark county, was large enough so that a di-
version diteh, using only about one-third of the perennial flow, sup-
plied enough water to irrigate 1,200 acres of bottom land. According
to the office of the U. 8. Geological Survey in Topeka, the average
daily discharge of Cimarron river near Arkalon in 1938-'39 was 42.3
second feet,
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16 Geological Survey of Kansas

In 1911 Parker (pp. 143, 144, 305-311) wrote that

At irregular intervals the river sinks into the sand and flows beneath the
surface for a number of miles. For instance, from the old post office of Met-
calf, Okla., to Point of Rocks, Kan., a distance of 25 miles, the channel of the
Cimarron is often dry, but at Point of Rocks, Kan., the water comes to the
surface at Wagon Bed Springs, a famous camp on the old Santa Fe trail, and
the channel is usually full from that point on for a number of miles.

William Easton Hutchison states that the Cimarron river is a constantly
running stream throughout the entire width of Morton county, where it has
a valley on one side or the other of the channel from one-half mile to three
miles in width, on which an abundant crop of natural hay is raised.

Prior to about 1900, the Cimarron river valley was a broad, shal-
low grass-covered depression, and the water table beneath the valley
was near the land surface, but successive floods, particularly that of
1914, have destroved the grass cover and left a barren area of allu-
vium between the bluffs on the north side and the sand hills on the
south side. The marked change in the appearance of the Cimarron
valley from 1899 to 1939 is shown in plate 3.

The area of sand dunes south of Cimarron river has many un-
drained basins in which rainfall collects, sinks into the porous ma-
terial, and finds its way to the ground-water reservoir.

CLIMATE

Morton county, like other parts of the High Plains seetion, has
a climate characterized by low precipitation, rapid evaporation, a
wide range of temperature variations, hot summers and moderate
winters, and occasional blizzards. The winds are strong throughout
the year, especially in late winter and early summer, the prevailing
winds being from the south and southwest. These strong winds, to-
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Fi6. 3. Graph showing the annual precipitation at Richfield, Kan. (from
records of the U. 8. Weather Bureau).
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Geology and Ground Water, Morton County 17

gether with the extended dry periods and overcultivation of the land,
have added another feature to the climate of the High Plains—the
dust storm.

The annual precipitation in the southern High Plains scction is
extremely variable. According to the U. S. Weather Bureau the
greatest annual preeipitation on record in Morton county was 32.58
inches in 1891 and the least was 7.09 inches in 1935. (All climatic
data, unless otherwise stated, are based on the records of the U. S.
Weather Bureau's station at Richfield, Kan.) The mean annual pre-
cipitation is 17.86 inches. The graphs show the annual precipitation
at Richfield (fig. 3), and the annual precipitation and departure
from the normal precipitation at Elkhart (fig. 4).

The data shown in figures 3 and 4 indicate that by the end of 1939
Morton county had experienced the longest period of subnormal
precipitation since the weather records were begun. The accumu-
lated deficiency in precipitation at Elkhart by the end of 1939 ex-
ceeded 60 inches.

Many of the rains are very localized and torrential. In a single
rainstorm in the summer of 1939 more than 4 inches of rain fell on
a small area about 5 miles south of Elkhart, while only a trace was
recorded at Elkhart. In 1925 the total precipitation recorded at
Richfield was 9.8 inches less than that recorded at Elkhart, which
is only 20 miles away. July is usually the wettest month of the year
and January is generally the driest month. In July, 1895, the pre-
cipitation was 12.31 inches, which was more than half of the total
precipitation for that vear and nearly twice as great as the total
precipitation in 1935. The average annual snowfall is 19.9 inches,
of which the greater part falls in December and February.

The mean annual temperature in Morton county is 55.3° F. The
highest temperature ever recorded in the county was 111° F., in June,
and the lowest was —19° F., in January. The average date of the
last killing frost in the spring is April 23, but killing frosts have oc-
curred as late as May 22. The first killing frost in the fall has oc-
curred as early as September 23 and as late as November 8, but it
generally takes place about October 18. The average length of the
growing season is about 178 days; however, the seaxon has ranged
from a minimum of 135 davs in 1895 to a maximum of 204 dayvs in
1900.

Generally more than 300 day= of cach vear are elear or only partly
cloudy, and this high pereentage of clear days, together with the high
summer temperatures and low hunidity, results in a total vearly
evaporation of about 60 to 70 inches.
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Fic. 4. Graphs showing (A) the annual precipitation at Elkhart, Kan,,
and (B) the cumulative departure from normal precipitation at Elkhart
(from records of the U. 8. Weather Bureau).
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Geology and Ground Water, Morton County 19

MiNErRAL RESOURCES

Eastern Morton county is a part of the Hugoton gas field, which
is potentially one of the largest in the world. The first successful
test well for gas was completed on the Boles farm, in sec. 3, T. 35 S.,
R. 34 W in the summer of 1920. It had an initial production of
5,000,000 cubic feet a day. Since then more than 35 gas test wells
have been drilled in Morton county. Two test wells in the western
part of the county were unsuccessful, but all others in the county
have had large initial production. The gas is produced from Per-
mian rocks at depths ranging from 2,716 to 3,450 feet.

In the following table are listed the gas test wells drilled in Mor-
ton county as of 1938, and the total depth and initial production of
each well. Data were supplied principally by the Argus Production
Company at Hugoton.

The initial production of the wells ranges from about 1,000,000 to
14,000,000 cubic feet of gas a day, and the bottom-hole pressure is
about 450 pounds to the square inch. Part of the gas is used locally
by small communities and by farmers, but most of it is piped to
Hugoton where it enters the main pipe lines to Kansas City and
Chicago. The ready availability of large quantities of cheap natural
gas may be instrumental in the development of the shallow-water
irrigation area north of Rolla, which lies within the gas field.

Other than gas, the mineral resources of Morton county are scarce,
so far as now known. Gravels along Cimarron river have been
used to a very slight extent as road metal and as building stone, but
caliche found at many places in the county is used extensively as
road metal on state and county highways.

AGRICULTURE

The settlement of Morton county began in the latter part of the
19th century. A great boom in the cattle industry began in 1880,
and as a result the entire Great Plains province became fully
stocked.* This era was followed by a period of severe drought from
about 1886 to 1895, which caused many farmers to abandon the area
and forced those who remained to begin breaking the sod to plant
wheat. The Homestead Act, which granted only 160 acres of land
to each family, encouraged the growth of wheat farming because 160
acres of land was scarcely sufficient to support a family if they de-
pended entirely upon stock raising. The development of the tractor
and other modern farming equipment, together with the unusually

* The future of the Great Plains: Report of the Great Plains Committee, pp. 1-112, 1936,
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Geology and Ground Water, Morton County 21

high prices that were paid for farm products during World War I,
led to overcultivation of the area between 1910 and 1920, and left
almost no grazing land after 1920. The results might have been
disastrous had it not been for the period of above-normal precipita-
tion that produced several large wheat crops in the decade between
1920 and 1930.

The largest crop on record was that of 1926, when many fields
produced more than 50 bushels to the acre and some yielded nearly
65 bushels. After 1930 there followed a drought worse than any since
the county was first settled. For the nine years from 1931 to 1939
the cumulative deficiency of rainfall exceeded 61 inches and the
average annual rainfall for that period was nearly 7 inches below
normal.

As a result of overcultivation and repeated dry seasons the soil in
this area began to be blown, and since 1934 serious damage has been
done both by depletion of the soil and by the accumulation of wind-
blown material (pl. 4).

The soils of Morton county are predominantly of three types (soil
types 1, 2, and 5 of Joel, 1937, pp. 8-14): Soil type 1 is a heavy,
compact, dark soil consisting of clay loams and silty clay loams and
is especially suited for growing wheat and other small grains. This
type of soil is derived from the loess that covers the northern half
of Morton county (pl. 1). Although this type of soil is very sus-
ceptible to wind erosion, it is very thick and is not easily depleted.

Soil type 2 is a modcerately friable brown and light-colored soil
consisting of silt loams and clay loams over a calcareous subsoil.
This type of soil is derived from the Ogallala formation and pos-
sibly in part from a very thin blanket of loess.

Soil type 5 is a light-textured, sandy soil made up of sands and
loamy sands. It is derived from old subdued sand dunes and is sub-
ject to severe wind erosion where cultivation has removed the vege-
tative cover. These soils are very favorable for the cultivation of
row crops, especially sorghums,

Because of the predominance of =oiis that are suseeptible to severe
wind erosion, Morton county has been more seriously damaged by
the wind than has any other county in the entire “dust-bowl” area.
More than 78 percent of the county is affected by serious wind ero-
sion (Joel, 1937, p. 44). In much of this area, however, the wind
erosion is being checked, in part by the work of the Soil Conserva-
tion Service.

In 1935, a total of 339,818 acres of land was under cultivation in
Morton county (Joel, 1937, pp. 16-21). There were 475 farms and
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the average farm comprised 715 acres. About 45 percent of these
farms were operated by tenants and about 55 percent were operated
by the landowners or their employees. In general about 30 to 50
percent of the crop is abandoned each year before harvest, according
to the county farm agent. Much of the badly eroded land is being
purchased by the Soil Conservation Service. By May 1, 1940, a
total of 90,651 acres had been bought and 15,000 acres more was
under option, according to Soil Conservation Service figures.

Wheat is the predominant crop in Morton county, as in other parts
of southwestern Kansas. The wheat acreage increased from 19,999
acres in 1924 to 71,852 acres in 1930. The following list of crops
grown in Morton county was compiled by the 1930 census.

TaBLe 2. Acreage of principal erops grown in Morton county in 1930.

Wheat ... e et e, 71,852

Sorghums . ... .. ... e 34,321

L 07 » + W AP 18.334

Broomeorn ...t e e 10,786

Barley . e 4,461

Others ... i 402
PorpuraTtioN

According to the Census Bureau the population of Morton county
in 1940 was 2,186, or about 3 persons to the square mile. This is
about a 46 percent reduction in population during the decade.

The prineipal cities are Elkhart, Rolla, and Richfield. Richfield,
the oldest city in the county, once had a population of about 1,500,
but now has only 96 residents. Elkhart was organized after the
building of the railroad through the county in 1912. Its population
in 1930 was 1,435, but in 1940 it was only 902. Rolla, incorporated
in 1921, had a population of 437 in 1930, but in 1940 it had only 284
inhabitants.

The fluctuations of the population in Morton county have been
closely related to the fluctuations of climatic conditions and crop
prices. The population of the county was 724 in 1890, but decreased
to 304 in 1900, after the severe drought between 1886 and 1895. The
development of the tractor and the rising war-time prices caused the
population to increase rapidly to 3,177 by 1920. The population of
the county continued to increase during the next decade because of
a series of good crop years, but since 1930 it has decreased consider-
ably as a result of the dust storms and drought.
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Geology and Ground Water, Morton County 25

TRANSPORTATION

A branch line of the Atchison, Topeka, and Santa Fe Railway was
built through the county in 1912, It extends from Dodge City, Kan,,
to Boize City, Okla., and serves the eities of Elkhart, Wilburton, and
Rolla.

One hard-surfaced road, Kansas highway 45, crosses the county
parallel to the railroad from Rolla to Elkhart. Kansas highway 27
is hard surfaced from Elkhart to Cimarron river and is topped with
caliche from the river to Richfield and to Johnson. A caliche-
surfaced road, Kansas highway 51, extends from the Colorado-Kan-
sas boundary through Richfield, Rolla, and Hugoton.

The hard-surfaced roads are the only all-weather roads in the
county. Because of the slight precipitation and great evaporation,
however, the earth roads are passable during most of the year. Drift-
ing sand in the area south of the river makes the roads impassable
more often than do rain and snow. Very few roads have been built
across the sand dunes south of the river.

GENERAL GEOLOGY
SUMMARY OF STRATIGRAPHY

The rocks that crop out in Morton county are all of sedimentary
origin and their areal extent is shown on plate 1. The rocks that
supply water to wells In this area range in age from Permian to
Recent. The principal water-bearing beds are the unconsolidated
silts; gands, and gravels of Tertiary and Quaternary age (including
the Ogallala formation) that overlie the Mesozoie and Paleozoic
rocks. For simplieity of treatment the Pliocene and undifferentiated
Pleistocene deposits are referred to in this report under the name
Ogallala formation.

The character and ground-water supply of the geologic formations
in Morton county are described briefly in the following generalized
section (table 3) and in more detail under “Water-bearing forma-
tions.”

GEOLOGIC HISTORY

The geologic history of Morton county is similar to that of much
of the High Plains section. Morton county is underlain by thick de-
posits of limestone, sandstone, shale, elay, sand, and gravel and lesser
amounts of =alt and gyvp=um. The character, appearance, and rela-
tionships of these rocks as studied in well euttings and at outerops
reveal considerable of the geologic history of the region.
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26 Geological Survey of Kansas

PaLrozoic Era

Very little is known of the early Paleozoie sediments in this county
for they do not erop out and have not been reached by deep test
drilling. Aeccording to Darton (1920, p. 7) the seas covered a large
part of western Kansas during most of the Paleozoie cra except pos-
sibly during the Silurian and Devonian periods. Marine deposits
of Cambrian and Ordovician age crop out along the Front Range in
Colorado and have been penetrated by test wells in central and
astern Kansas. It is probable that these sediments also underlie
southwestern Kansas.

The seeming absence of any deposits of Silurian or Devonian age
in this area suggests a widespread land area at that time. If any
sediments were laid down at that time they were removed by later
erosion, probably during early Mississippian time.

In 1925 a well was drilled in southern Hamilton county to a depth
of 5,486 feet. It encountered thick deposits of marine limestone and
shale of Mississippian, Pennsvivanian, and early Permian age as
well as deposits of salt, gypsum, and redbeds of late Permian age.
The marine character of the limestone and shale indicates wide-
spread invasions by the sea. These invasions probably were inter-
rupted by many short periods of emergence.

In Late Permian time there was general emergence that produced
shallow basins and broad mud flats in which the redbeds were de-
posited.  The red color of these beds together with the presence of
thick deposits of gyvpsum and salt indicate an arid climate in Late
Permian time.

Mesozoie Era
TRIASSIC(?) PERIOD

The conditions during the Triassie(?) period were probably not
much changed from those in Late Permian time, for the Triassic(?)
deposits are very similar in character to the Upper Permian deposits.
They consist of redbeds, buff to white sandstones, and a very small
amount of gypsum.

Not all of the Triassic system is represented in Morton county.
The absence of part of these rocks indicates either that they were
never deposited or that they were deposited and subxequently re-
moved by erosion.

JURASSIC PERIOD

Rocks of Jurassic age (Morrison formation) crop out at Two
Buttes in southern Prowers county, Colorado, about 50 miles north-
west. of Richfield. Test hole 4, in the southeastern corner of see. 36,
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T. 31 8., R. 42 W, penetrated 40 feet of blue-green marl and buff
sandstone that probably is equivalent to the Morrison formation.
Other test holes drilled in the county by the State and Federal Geo-
logical Surveys failed to encounter these beds. Fossil remains of
dinosaurs and other iand animals have been collected from the Mor-
rison beds in other areas. During the Jurassic period Morton county
was part of a large land mass upon which the fluviatile Morrison
beds were laid down. Subsequent erosion removed much of these
beds.
CRETACEOUS PERIOD

The standstones of the Cheyenne formation were deposited in this
area in Early Cretaceous time. According to Twenhofel (1924, p.
19) they were deposited in shallow seas or by streams. Then fol-
lowed an invasion of the sea and the deposition of the dark, very
fossiliferous Kiowa shale. At the beginning of Late Cretaceous time
sandstones and clays were laid down probably under both fluviatile
and near-shore marine conditions. These beds were formerly known
as the Dakota sandstone, but for reasons given later, are called the
Cockrum sandstone in this report. In certain areas the sandstone
contains salt water and marine fossils and is well stratified, but fossil
plants found in the Cockrum sandstone in other areas suggest a
fresh-water origin. Moore (1933, p. 443) suggests that the Cockrum
sandstone is a stream-laid and sea-worked deposit. Marine sedi-
ments of Late Cretaceous age probably were deposited in all or part
of Morton county and removed by erosion during late Cretaceous
and early Tertiary time.

Cexozoic Era

TERTIARY PERIOD

The Cretaceous period was followed by great uplifts that produced
the Rocky Mountains and uplifted the High Plains section. This
orogeny was followed by a long period of erosion that lasted until
Late Tertiary (Pliocene) time. During Late Tertiary and Early
Quaternary (Pleistocene) time sediments from the Rock Mountains
were carried eastward by streams and deposited as the Ogallala
formation and younger undifferentiated Pleistocene beds on the
eroded surface of Permian and Mesozoic rocks. The nature of the
vertebrate fossils found in these beds in southwestern Kansas sug-
gests that the climate was cooler and more moist than at the present
time.
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QUATERNARY PERIOD

Conditions similar to those of Pliocene time existed in Morton
county during the early part of the Quaternary period. Great dust
storms during the Quaternary period deposited a blanket of loess
over much of the county north of Cimarron river, and dune sand
was laid down in the area south of the river. Erosion during the
Quaternary period stripped the area of some of its cover of Tertiary
sediments, exposing, in places, part of the underlying Mesozoie rocks.
The Cimarron valley and other topographic features of the area were
developed in Quaternary time, and alluvium was deposited by Cim-
arron river and some of its tributaries.

GROUND WATER
PRINCIPLES OF OCCURRENCE

The discussion of the principles governing the occurrence of ground
water that is given here takes account of conditions in Morton
county. Preparation of the discussion has been based chiefly on the
authoritative and detailed treatment of the occurrence of ground
water by Meinzer (1923), to which the reader is referred for more
extended consideration. A general discussion of the principles of
ground-water occurrence, with special reference to Kansas, has been
published by Moore (1940).

The rocks that make up the outer crust of the earth are generally
not entirely solid, but contain 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 de-
pends 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 =ome limestones. The open
spaces are generally connected =o that water may percolate from one
to another, but in some rocks these open spaces are isolated and the
water hag little chanee to percolate. In Morton county the rocks
from which ground water is obtained are sandstones and poorly con-
colidated silts, sands, and gravels. Generally the sands and gravels
of the Ogallala formation eontain numerous interstices and water
pereolates freely through them, but locally these interstices may be
filled with ealeium carbonate or other material such as elay, which
makes the rock almost impermeable.  Much of the silt, sand, and
gravel of the Ogallala formation is poorly sorted and the finer par-
ticles fill much of the space between the larger particles, thereby de-
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creasing the amount of space available to ground water. The =and-
stones of the Permian, Triassic(?), and Dakota are cemented with
iron oxide, ealeium carbonate, or silicon dioxide. The cement occu-
pies a part of the open spaces, but enough voids are left to carry
some water.

The porosity of a rock i= the percentage of the total volume of the
rock that is occupied by the interstices. A rock is said to be sat-
urated when all its interstices are filled with water or other liquid,
and the porosity is then practically the percentage of the total vol-
ume of rock that is occupied by water.

The porosity of a rock determines only the amount of water a
given rock can hold, not the amount it may yield to wells. Some
rocks may be moderately porous and yet will not vield an appre-
ciable amount of water to a well. The permeability of a rock is de-
finced as its capacity for transmitting water under pressure and is
measured by the rate at which it will transmit water through a given
cross section under a given difference of pressure per unit of distance.
A rock containing very small interstices may be very porous, but it
would be difficult to force water through it, whereas a coarser-grained
rock, although it may have less porosity, generally is much more
permeable. Some water is held in rocks by the force of molecular
attraction, which, in ome fine-grained rocks, is sufficiently great to
make the rock relatively impermeable.

Below a certain level in the earth’s erust the permeable rocks gen-
erally are saturated with water and are said to be in the zone of sat-
uration. The upper surface of the zone of saturation is ealled 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 =oil water, the intermediate or vadose
zone, and the capillary fringe.

The belt of =01l water lies just below the land surface and contains
a =mall amount of water held by molecular attraction. The soil zone
must first be saturated with water before any water can percolate
dewnward to the water table.  The thickness of the zone is depend-
ent upon the character and thickness of the soil and upon the pre-
cipitation.

The intermediate or vadose zone lies between the belt of soil water
and the capillary fringe. The interstices in the rocks in this zone
are generally filled with air but may contain water for a short time
while it is moving downward from the belt of =oil moisture to the
ground-water table. The vadose zone may be absent in places, such
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as some river valleys where the water table is near the surface, or it
may be several hundred feet thick, as in parts of Morton county.

The capillary fringe lies directly above the water table and is
formed by water rising from the zone of saturation by capillary ae-
tion. The water in the capillary fringe is not available to wells,
which must be deepened to the zone of saturation before water will
enter them. The capillary fringe may be absent in coarse sediments,
where the capillary attraction is negligible, but may be as much as
8 feet thick in very fine-grained sediments.

ARTESIAN WELLS

The pressure head of water has been defined as the height that a
column of water will rise in a tightly cased well that has no dis-
charge. Ground water is said to have artesian, normal, or subnox-
mal pressure head, according as its static level is above the upper
surface of the zone of saturation, at this surface, or below this sur-
face. Artesian water, therefore, may be defined as ground water
that has artesian head.

In some of the rock formations of Morton county, strata of per-
meable rock, such as sandstone, alternate with less permeable beds,
such as shale or siltstone. In this county the strata dip toward the
east, so that water falling on the outcrop area of a permeable bed
moves eastward down the dip between the confining layers of rela-
tively impermeable material and saturates the permeable stratum.
Under such conditions wel]s drilled to the water-bearing beds in
Morton county may, and locally do, encounter water under artesian
pressure, and in two areas this pressure is sufficient to cause them to
flow. _

About 50 years ago three flowing artesian wells were drilled in the
vicinity of Richfield. Well 43 (pls. 4B, 5), on the E. C. Wilson farm
in the SW14 sec. 16, T. 32 S., R. 41 W, reported to be 710 fect deep,
flows at the rate of 20 gallons a minute from a stratum encountered
at a depth of 637 feet. The intial flow of the well was reported by
the drillers and by Coffey and Rice (1912, p. 101) to have been
about 1,200 gallons a minute.

Well 44, on the A. C. Dean farm in the SE14 see. 28, T. 32 8,
R 41 W, is reported to be 610 fect deep and to have had an initial
flow of about 350 gallons a minute, but the present flow is only 7.5
gallons a minute. Well 45, on the C. W. Orth farm in the NE14
sec. 21, T. 32 8, R. 41 W, is reported to be 538 feet deep and it flows
less than 1 gallon a minute. It is reported that its flow has always
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32 Geological Survey of Kansas

been smull, even though the well =tands at a lower altitude than
wellx 43 and 44.

The artesian water-bearing bed in the Richfield area is a red
sandstone that lies nearly 350 feet below the base of the Cockrum
sandstone and is probably Permian in age. Thick beds of red silt-
stone above and below the sandstone serve as the confining beds.
The source arca for the artesian water in Morton county is not
definitely known. The necarest probable source is the outcrop area
of redbeds along Purgatoire and Chaquaco rivers in the north-
central part of Las Animas county, Colorado. The redbeds crop
out near the crest of the Red Rocks dome and dip eastward into
Morton county at the rate of about 20 feet to the mile. The redbeds
exposed at Red Rocks dome are more than 375 feet thick and the
part believed to be of Permian age (Parker, 1934, p. 44) is about
85 feet thick. The rocks consist predominantly of red sandstones
and siltstones, but there are a few thin beds of limestone. The red-
beds above Permian (the Dockum? and Exeter) are red sandstones
and could readily serve as source rocks. Rainwater falling on sand-
stones of the Dockum(?) and Exeter may move downward into
Permian beds before striking impermeable strata and moving east-
ward along the dip of the strata.

The extent of the Richfield artesian area is not known, but if the
reported data on the pressure head of well 43 are correct, there
may be a fairly large area in which flowing artesian wells could be
obtained. The three flowing wells that have been drilled in this
area are in the valley of North Fork of Cimarron river and it iz
likely that the area of artesian flow is limited to a part of this valley.

Flowing wells have been obtained also in the vicinity of Point
Rock, particularly along Cimarron river (pl. 6B). A well drilled
many vears ago near Point Rock is reported to have had a small
flow from a depth of 202 feet, and test well 7. drilled in 1939 at
Point Rock about 80 feet north of the river in =ec. 12, T. 34 5.,
R. 43 W., encountered a small artesian flow in redbeds at a depth
of 200 feet. The Hydraulie Oil Company No. 1 Butts well, in the
middle of =ec. 22, T. 34 S, R. 43 W, found artesian water at a
depth of 204 to 212 feet, but there are no data on the flow or the
head of the well. A stock well beside Cimarron river in southeastern
Baca county, Colorado, ix reported to have had a moderate flow
from a depth of about 100 feet. but no duta are available as to the
head of the water or the character of the water-bearing material.
Parker (1911, pp. 143-144, 305-311) reported several artesian wells
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90 to 105 feet deep along the Cimarron river valley south and souti-
west of Richfield, and states that an artesian flow was encountered
in a well at the old town of Point of Rock about 4 miles northwest
of Point Rock and near the southwest corner of sec. 23, T. 33 S,,
R. 43 W. The well was reported to yield a moderate quantity of
“strong alkali” water. This well (86, pl. 2) is 254 feet deep and
the water level on August 10, 1939, was 103 feet below the land
surface. These wells are probably in an artesian area that extends
many miles along Cimarron river. The water-bearing beds are the
Triassic(?) or Permian redbeds and the source area is probably
along Purgatoire and Chacuaco rivers in Las Animas county,
Colorado.

At several other places in Morton county, artesian water has been
encountered by wells, but the pressure head was insufficient to pro-
duce flowing wells. Well 140 (pl. 2) at Elkhart was drilled initially
to a depth of 460 feet where it encountered strongly mineralized
water in redbeds about 170 feet below the base of the Ogallala forma-
tion. The water rose within about 60 feet of the land surface. Some
wells have failed to find a sufficient supply of water in the Cockrum
sandstone in the northwestern part of the county and have been
deepened to depths of 190 to 220 feet to get a supply from the under-
lying Cheyenne sandstone. When the water is encountered in the
Cheyenne sandstone it rises to a level 85 to 100 feet below the land
surface. It is reported that a few wells in the Ogallala formation
also have encountered water under artesian pressure. At a depth
of 280 feet the municipal well at Rolla (92) found water that rose
to a point about 200 feet below the land surface.

The artesian water at Richfield, Elkhart, and Point Rock is
strongly mineralized. The water at Elkhart was found to be unfit
for public use, so the well was plugged at a depth of 300 feet so that
a supply of softer water could be obtained from the Ogallala forma-
tion. A sample of water from well 43 in the Richfield area con-
tained 2,627 parts per million of total solids—mostly calcium and
sulphate (table 5). The casing in well 43 is in poor condition and
some of the mineralized water is escaping into and mixing with the
softer water in the Cockrum sandstone.

3—945
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THE WATER TABLE
SHAPE AND SLOPE

The water table is defined as the upper surface of the zone of
saturation. The water table is not a static, level surface, but rather
it is generally a sloping surface that has many irregularities caused
by differences in permeability of the water-bearing materials or by
unequal additions of water to and withdrawals from the ground-
water reservoir at different places.

The shape and slope of the water table in Morton county are
chown on the map, plate 1, by means of contour lines drawn on the
water table. Each point on the water table along a given contour
line has the same altitude. These water-table contours show the
configuration 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 direc-
tion of the downward slope.

The map (pl. 1) shows that the general direction of movement of
the ground water in Morton county is to the east, but that the di-
rection of movement and the slope varies considerably from one part
of the county to another. The maximum slope is in the north-
western part of the county and is about 40 feet to the mile. The
minimum slope is in the northeastern part of the county and is about
7 feet to the mile.

Irregularities on the water table may be caused in several ways.
In places where conditions are exceptionally good for recharge from
precipitation or intermittent streams, the water table may be built up
to form a mound or low ridge from which the water spreads out. but
this spreading is very slow because of the frictional resistance offered
by small interstices through which the water must move. In material
of low permeability these mounds or ridges may be very sharp, but
in very permeable material the slopes gencraly are gentle. Depres-
sions in the water table indicate places where ground water is being
discharged and may occur along streams that have cut below the
normal level of the water table or in places where considerable water
is withdrawn by wells or plants. The contour map indicates that the
water table slopes toward the Cimarron river valley from both sides
and that ground water is discharging into the river. The permea-
bility of the water-bearing materials also affects the slope of the
water table. If the water is moving through very fine-grained sedi-
ments the frictional resistance to the movement of the water is
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great, causing comparatively steep slopes. Where the sediments are
coarse and very permeable the resistance to movement is slight and
the slopes are more gentle. In the northwestern quarter of the
county, where the slopes of the water table are steepest, the water
is passing through the fine-grained Cockrum sandstone. East of
Richfield the water moves into the more permeable sands and gravels
of the Ogallala formation, and the slopes become much more gentle.
Similarly, in the southwestern and southeastern parts of the county
the ground water moves through the Ogallala and the slopes of the
water table are gentle. The steeper slope of the water table in the
south-central part of the county is probably due to the less perme-
able character of the Ogallala sediments in that area.

The contour lines on the map indicate a broad arch or ridge on
the water table in the northwestern part of the county. This may
be due in part to recharge from the ephemeral streams in that area
and from rainfall on the areas in which the Ogallala and younger
formations crop out. It is possible, however, that the lines represent
a general easterly movement of the waters, the flexure of the con-
tours toward Cimarron river being caused by the discharge of
ground water into the river.

The discharge of ground water from wells causes local depressions
of the water table known as cones of depression and excessive pump-
ing of many wells may depress the water table over a large area.
As shown by the map, however, there are at present no widespread
depressions in the water table caused by pumping in Morton county.

RELATION TO TOPOGRAPHY

The general slope of the upland surface in Morton county is be-
tween 7 and 15 feet to the mile and the slope of the water table
ranges from 7 to 40 feet to the mile, but the slope of the land surface
along stream valleys in this county may exceed 200 feet to the mile.
The map, plate 2, shows the depths to water level in Morton county.
The lines separating the shaded areas are isobath lines that connect
points of equal depth to water level. As shown on the map, the depths
to water level in Morton county range from less than 30 feet in the
northwestern corner of the county and along some of the stream
valleys to about 225 feet along the southern boundary of the county.
The shallowest ground water is found in the alluvium of the Cimar-
ron river valley and in the Cockrum sandstone in the northwestern
part of the county, and the deepest water is found in the Ogallala
formation in the southern part of the county.
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For the purpose of detailed description, Morton county may be
divided into six areas based upon the depths to water level: (1)
northwestern area, (2) northeastern area, (3) Cimarron valley area,
(4) Richfield area, (5) area south of Cimarron river and (6) south-
ern area.

Northwestern area.—The northwestern area comprises about 35
sections in the western part of T’s. 31 and 32 S, R. 43 W. In this
area the water table is 30 to 75 feet below the land surface and in
the stream valleys the depth to water level generally is only 30 to
40 feet. In the northern part of this area the principal water-bearing
beds are the Cockrum sandstone and the Cheyenne sandstone, but in
the southern part the Ogallala formation supplies most of the wells.
Wells in this area range in depth from about 31 to 215 feet, the
deeper wells penetrating the Cheyenne sandstone.

Northeastern area.—The northeastern area includes about 12 sec-
tions along North Fork of Cimarron river in the northeastern corner
of the county, in which the water table lies 80 to 100 feet below the
land surface and the depth of the wells ranges from 100 to 125 feet.
The water in this area is obtained from the sands and gravels of the
Ogallala formation.

Cimarron valley area—The Cimarron valley area comprises a
belt about 2 miles wide that parallels the river across the county.
The water in part of the Cimarron valley lies at very shallow depths.
Stock wells in the alluvium of Cimarron river range in depth from
15 to 30 feet and the water level is 10 to 15 feet below the land sur-
face. South of the river the alluvium probably extends for a con-
siderable distance under the cover of dune sand, and the depth to
water is also moderately shallow here. North of the river some wells
penetrate redbeds and obtain water at depths of 75 to 100 feet.
Other wells north of the river get water from the Ogallala formation
at depths of 65 to 100 feet.

The Cimarron valley area is bordered on both sides by much
larger areas in which the depth to water level ranges from 50 to 100
feet. The large area north of the river is described below as the
“Richfield area,” and the eastern part of the smaller area south of
the river is described below as the ‘“area south of Cimarron river.”

Richfield area—The Richfield area comprises a large area in the
central, west-central, and north-central parts of the county, extend-
ing north to the Stanton county line, in which the depth to water
level ranges from 50 to 100 feet. It also includes a small area in
which the depth to water level is less than 50 feet. In the northern
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part of this area water is obtained from the Cockrum sandstone and
in the southern part the Ogallala formation supplies the wells. In
the northwestern corner of the area the Cockrum sandstone yields
very little water to wells but farther south it is more permeable and
vields large supplies.

In the southern part of the area the Cockrum sandstone is absent
and the Ogallala is the principal water-bearing formation. The
Ogallala lies on redbeds and consists of 75 to 125 feet of silt, sand,
and gravel. The lowermost 30 to 60 feet of these beds is saturated
with water.

Area south of Cimarron river—This area includes about 60 sec-
tions of land just south of and parallel to Cimarron river. The
depth to water level ranges from 50 to 115 feet and the depth of
wells ranges from 75 to 400 feet. The Ogallala is the principal
water-bearing formation in this area.

Southern area.—The southern area is in the southern part of the
county and it includes all of the county south of the 150-foot isobath
line, which roughly parallels Kansas highway 45. The depth to
water level ranges from 150 to about 225 feet and the depth of wells
ranges from about 160 to nearly 250 feet. The Ogallala formation
supplies water to the wells in this area.

FrucTuaTIONS

The water table does not remain static but fluctuates similar to
the surface of a lake. Whether the water table rises or declines de-
pends upon the ratio of the amount of inflow into the ground-water
reservoir to the amount of withdrawal. If the inflow exceeds the
draft, the water table will rise; conversely, if the draft exceeds the
inflow into the ground-water reservoir the water table will decline.

The ground-water reservoir may be replenished by rainfall that
moves through the soil and descends to the zone of saturation, by
recharge from flood waters in streams such as North Fork of the
Cimarron, and by subsurface inflow from areas to the north and
west. The factors that cause decline in the water table in Morton
county are loss of water by subsurface flow into areas to the east
and south, loss by evaporation and transpiration, loss by seeps and
springs, and loss by pumpage from wells. The factors that cause a
rise in the water table in a given area are all directly related to the
precipitation on that area or on adjacent areas; therefore, the water
table might be expected to fluctuate in direct response to precipita-
tion. This is true in many areas, but in Morton county there are
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many factors which alter the effect that precipitation has upon the
water table. After long dry periods the soil moisture may be de-
pleted and must be completely replenished before any appreciable
amount of moisture can percolate downward to the water table.
North of Cimarron river where the soil is very thick several mod-
erate rains might be necessary to replenish the soil moisture. Such
rains, therefore, would have little or no effect on the water table.
Similarly, it would require a great deal of time for moisture that
falls as precipitation upon adjacent areas to move downward to the
water table and then to move laterally into Morton county. Pre-
cipitation in areas to the west that produces flood waters in North
Fork of the Cimarron have a more immediate local effect upon the
water table in Morton county.

The ground-water supply in Morton county is depleted principally
by pumpage and by underground movement into areas to the east
and south. The loss of water through seeps and springs is relatively
small and takes place only along Cimarron river. The loss by evap-
oration and transpiration is also small because in most parts of the
county the water table lies too deep below the land surface to be
affected by these processes.

The fluctuations of the water table may be determined by observ-
ing and recording the changes in the water levels in wells. In July,
1939, periodic water-level measurements were begun on 19 wells
located at strategic points in Morton county. The depth to water
level in each well is measured once a month in order to determine
the fluctuations of the ground-water table. The measurements made
to date are listed in the following table. All measurements before
November 1, 1939, were made by me; those after that date were
made by Richard B. Christy.

The water levels in 6 of the 19 wells declined during the period
between July, 1939, and June, 1940. The water level in the other 13
wells showed a net rise during the same period. The net variation
ranged from 0.01 foot to 1.92 feet and averaged about 0.25 foot. In
some wells the water level rose steadily, in others it declined steadily,
and in 4 wells it remained almost stationary. The water levels in
many wells rose rapidly until October or November and then de-
clined steadily during the winter and spring. Not enough measure-
ments have been made to show any definite relation of the fluctua-
tion of the ground-water table in this area to the precipitation. As
the obscrvation-well program continues more data will become avuil-
able and a more definite relation to the precipitation may develop.

Google



39

Geology and Ground Water, Morton County

‘SALIdS S1Y} ..a s1aded .d::c ut —6.7.3:& 2q 1A SAI Janm aﬁ:gm::n

‘Buidwnd [op §

‘998 Jadeyg AE;:@ 1w 5

‘PAAo1ISp [0y 1

yamng

.:...s __c._.: 0} v_;m: u#

g

€0°€1T €0°€1Z 91°212 L9112 60°11Z SeT11g 60112 16°112 'z S9°11g 86°012 g8l e ﬁ o<l
§ L1791 237291 127291 127291 617291 827191 917291 117291 0Z " L91 €3 291 <ce L9l 687291 tel
18°923 ¥8°922 ¥8°'922 68922 08922 ¥8°922 4 689022 08922 £8°92¢ 98°9¢2 39928 L trad * 1€l
L 861 9% 861 90°861 ¥S 861 1¢°861 8S'861 4 ¥G 861 64861 197861 0F 861 €L°861 98861 1t
61°06 L1°06 S1L 06 01°06 60°06 ¥1°06 61°06 91°06 11°06 £0°06 91706 21 06 £1°06 0z1
aL'elt LLENT 78 el e £8° €11 88°€I1 ¥ ell 08'¢ll 8L°¢11 9L°en 8°¢ll 68 €11 86 €11 148
£9°L9 1S L9 €9°29 19°29 69°L9 c9°L9 L9°L9 19°L9 £9°L9 6F°L9 ¥ L9 8t L9 1€ | olt
6L°691 387651 8691 267691 6L°6S1 6°6G1 4 8651 £876¢1 FL091 06°691 £6°691 6 6C1 801
6+ 621 Ly 621 05631 €¢°631 £67°651 G621 4 09°631 09621 4 L9°631 197621 897621 66
: b 0L Lv1 L97 L% £9°LF1 4 £9°LF1 69°LF1 L8°L¥1 S LYl 997 LF1 [4 202 |8
0L'L8 ¥L°.8 6L°L8 8L°.8 6L L8 £8°.8 88°.8 88°.8 L8°L8 4 96 L8 96°L8 10°88 8
96°€$ 96°€9 20N o4 ¥6°€9 88°¢S 68°€9 08°¢S 6L°€S 1L°¢S £L'€S 09°€S goes 6Y°EC L
L3°9L 0ob 9L £€°9L CET9L 98794 1%°92 4 09°9L 89°0L aL 9L 8L°9L 8°0L 0692 a9
LL'89 9L°89 9L°89 9L°89 6L°89 6L°89 Z8°89 0889 08°89 98°89 08°89 18°89 2889 |/F
68881 68 8E1 KRR RO 16°8¢1 6881 16°8¢1 1) 06°8¢1 +6°8€1 +0°6¢€1 16°'8¢1 ©€6°8¢1 16 '8¢1 1€
0C kL 89°FL 88°1L LL VL L6°FL 88°¥L L8°FL L9°FL L9°FL ¥ 'SL @8 'FL 12°¢L GLtL X4
90°0L aroL 1ol 60°0L £1°0L 0102 2002 ¢0°0L 20°0L 81°0L aroL ol 1oL g o
00111 88 011 4 6L 111 12 Fe 1 oL 11t re i 9¢ 1t €S 111 LETLL rert 8¢l al .lnw..o
207251 607251 1181 91°2S1 60°o¢S! ¥1°2¢1 4 g ast a1°281 cg ect [a At €261 1£°¢41 8
‘8I1-L1 np | g1 dunp Pl Avy ‘e ady | 'gg IR | 12 QOd T Q9 91 "R |"I-PI "AON|['22-9Z "0 | €T "¥d2y | '§g ‘3ny ‘eg Aing o m
A
0¥61 ‘6E6l

qu20d BulnsvIwe 9y MO 13f Ul GAIUN0D UOJLO JY Ul

(S9[q¥Y [[9m 03 13ja1 ‘suolydraedp o) gz 9ju[d 0} 19Jal £[[9M JO UOLIRIO] 10])

$]]9M UOQIIVALIFYO UL §]od )] 4]V 41— TIUV |,




40 Geological Survey of Kansas

The water-level measurements made in 1939 are being published
in the 1939 annual water-level report of the U. S. Geological Survey,
Water-Supply Paper 886, and future measurements will be published
in ensuing reports of this series, The well numbers used in this re-
port and in Water-Supply Paper 886 are given in table 5.

TasLE 5. Observation wells in Morton county.

Well number Well number in Well number Well number in
in this water-supply paper in this water-supply paper
report »86 report 886

8 8 1 a9 87
12 1 108 23
23 21 | 110 69
24 22 i 113 o7
31 2R . 120 104
48 42 121 105
62 54 131 114
75 65 134 117
84 7 150 127
88 ki

GROUND-WATER RECHARGE

Recharge is the addition of water to the ground-water reservoir,
and may be accomplished in several different ways. The under-
ground reservoir beneath Morton county seems to be recharged by
local rainfall within the county, by influent seepage from ephemeral
streams, and by subsurface inflow from areas to the west of the
county. The amount of annual ground-water recharge is approxi-
mately equal to the amount of annual natural ground-water dis-
charge plus the amount of water that is withdrawn annually from
wells without permanently lowering the water table.

RecHARGE FROM LocaL RAINFALL

The average annual precipitation in Morton county is only 18
inches, but probably only a small percentage of this amount reaches
the ground-water reservoir. Of the total precipitation, part is lost
by evaporation into the air, part leaves the county as runoff in the
streams, and part is used by growing plants (transpiration). The
remainder may percolate downward to the zone of saturation and be-
come ground water.

The amount of water lost by evaporation in any area depends
upon the precipitation, temperature, humidity, vegetative cover,
depth to the water table, and the length of time the processes of
evaporation have access to the moisture. In Morton county most
of the annual precipitation falls as rain in May, June, July, and
August, and the climate during these months is characterized by
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high temperatures and low humidity. Therefore probably a large
proportion of the annual precipitation in Morton county is lost by
direct evaporation into the atmosphere.

The vegetation in this area consumes considerable soil water by
transpiration, especially in May and June when it is most abundant.

A large part of the precipitation in this area falls as torrential
rains. When such rains fall upon steep slopes, such as those along
Cimarron river and some of its tributaries, the water runs off rapidly
into the streams, allowing but little opportunity for absorption of
water by the soil. Most of the land in the county is relatively flat
or slopes very gently, however, hence the runoff over most of the
county is relatively small. Vegetation also reduces runoff, but dur-
ing much of the year the land in Morton county is relatively barren
of vegetation. Modern methods of terracing and contouring of farm
land tend to reduce the runoff, and, therefore, may increase the rate
of recharge to the soil and to the ground-water reservoir.

Other things being equal, the percentage of water that is absorbed
by the soil and becomes available as recharge depends upon the
character of the soil and of the underlying material through which
the water must pass en route to the zone of saturation.

The soils in the loess-covered areas north of the river are com-
pact and transmit water very slowly, but the sandy soils in the
dune-sand area are porous and absorb considerable water. The
soils developed on the Ogallala formation are also porous and ab-
sorb water readily in places where the slopes are not great.

After passing through the soil zone the water percolates downward
until it meets a relatively impervious bed of clay or caliche. It may
then move laterally along the dip of the impervious bed until it
reaches a pervious zone or fracture that permits it to continue its
downward movement. In some places where such impermeable beds
are widespread, some water may remain in a perched ground-water
reservoir above the normal water table.

The effect of the surficial geology upon the recharge is discussed
below under the principal formations that crop out over appreciable
areas in Morton county.

Ogallala areas—About one-fourth of the area north of Cimarron
river and small areas south of the river are underlain by the silt,
sand and gravel of the Ogallala formation and overlying undiffer-
entiated Pleistocene deposits (pl. 1). The soils developed from these
materials are mostly sandy and porous but locally they may be
calcareous, compact, and relatively impervious. The slope on most
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of the outcrops ranges from 2 to 5 percent, but it exceeds 10 percent
along the north side of the Cimarron valley. The broad ground-
water ridge shown on plate 1 north of the river indicates that the
Ogallala formation probably is recharged to some extent by rainfall,
although there is another possible explanation for this ridge (p. 35).

Dune-sand areas~—Most of the area south of the river is under-
lain by dune sand and may be divided into two subareas based upon
the type of soil and the topography. The first is the dune area just
south of the river, which has a typical sand-dune topography and
sotl. The slope generally ranges from 2 to 5 percent but in some
places may exceed 10 percent. Such steep slopes are very favorable
to runoff. The sand-dune area, however, has many undrained basins
in which water collects and percolates into the soil. The loose,
porous, and permeable nature of the soil and the many undrained
basins make the area favorable for recharge of the underlying
Ogallala formation, and it is likely that considerable rainwater per-
colates downward to the zone of saturation.

The second sand dune area is south of the first, extending nearly
to the Kansas-Oklahoma line, and is characterized by gentle slopes
and a more compact soil. The slope averages less than 2 percent
and the soils are comprised of loamy sands, fine sands, sandy loams,
and fine sandy loams. The subsoils are heavier but are also sandy.
This area has few if any undrained basins, but the permeable soils
and gentle slopes favor the absorption of rainfall. This area prob-
ably contributes considerable water to the ground-water reservoir.

Loess areas.—Deposits of wind-blown loess cover about three-
fourths of the area north of Cimarron river and a small area along
the Morton-Texas county line in southeastern Morton county (pl.
1). The soils that develop from loess are heavy and dark and con-
sist of top soils of loams, clay loams, and silty clay loams and heavy
clay subsoils that in places are very calcareous. The loess soils
hold moisture well, but they absorb water very slowly. According
to the soil map by Joel (1937), more than 95 percent of the upland
loess area in the north half of the county has a slope of less than 2
percent. In spite of the gentle slope, the torrential nature of the
rainfall together with the nearly impermeable character of the soil
causes much of the water to be lost by runoff. The loss of water
by runoff in such flat areas can be greatly reduced by contour farm-
ing. The loess =oils are so thick and become so dry after long dry
periods that most of the water that is not lost by runoff or evapo-
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ration is absorbed by the soil. It is probable that very little mois-
ture that falls on the loess areas ever reaches the ground-water
reservoir.

RECHARGE FROM STREAMS

The ridge on the ground-water table north of Cimarron river
(pl. 1) may be caused in part by recharge of the ground-water
reservoir from streams. North Fork of Cimarron river and its
tributaries are ephemeral streams that lie above the water table.
The land adjacent to these streams is moderately steep, so that
much of the precipitation runs off into the streams. In some places
where the channel is sandy and is underlain by permeable material,
water may percolate downward to the zone of saturation. The
Cimarron river valley has been cut into the zone of saturation, and
hence it receives water from the ground-water reservoir rather than
contributes water to it.

RECHARGE FROM ADJACENT AREAS

Ogallala formation.—A large part of Baca county, Colorado, is
underlain by the Ogallala formation (and associated Pleistocene
deposits) and probably serves as a catchment area for part of the
ground water that moves eastward into Morton county. The east-
ward slope of the water table in Morton county, as shown by the
contour lines on plate 1, indicates that much of the water is coming
from the direction of Baca county. The Ogallala formation and
Pleistocene deposits in Baca county, unlike those in Morton county,
are not covered by loess except in the eastern part of the county
and in other small isolated areas. The soils in this county are
more sandy and the slopes are almost as gentle as those in Morton
county. Although the rainfall in Baca county is about the same as
in Morton county the area of the Ogallala exposed is so large
(several hundred square miles) that probably a large amount of
water is taken up by the Ogallala formation and eventually finds
its way into Morton county. In the southeastern part of Baca
county, along Cimarron river, the sand dunes also serve as a catch-
ment area for recharge of the Ogallala formation.

Cockrum sandstone—The Cockrum sandstone crops out in Colo-
rado in a large area in the eastern half of Las Animas county, in
southwestern Baca county, and in eastern Baca county along Sand
arroyo and Bear creek and its tributaries. The sandstone dips
eastward toward Kansas at the rate of about 20 feet to the mile.
Over much of this area the topography is fairly flat and the soil
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very pervious, so that a large amount of water may enter the sand-
stone and move eastward down the dip of the strata into Morton
county, as illustrated in figure 5.

Near the middle of the county the ground water moves eastward
from the Cockrum sandstone into the Ogallala formation, as shown
on the water-table contour map (pl. 1) by the change from a steep
to a gentle slope of the water table in the northeastern part of the
county. Much of the recharge of the Cockrum sandstone from
outside the county thus enters the Ogallala formation.

Cheyenne sandstone.— The Cheyenne sandstone, which yields
water to wells in northwestern Morton county, probably derives its

TQ-PlLocers ond Plentecene undiftersntioted Wd = Doboto group, Kpu -~ Purgetows formotion
X1 -Lorommc formetien Cor% - Purmion-Trisssic redbedes
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F1c. 5. Generalized east-west cross section from the Rocky Mountains,
through Colorado, into Morton county, Kansas.

water in the same manner as the Cockrum sandstone. The Chey-
enne sandstone is the lower part of the Dakota group, which crops
out in many small areas along Purgatoire river, Rule creek, and
their tributaries. These areas of outcrop are principally in northern
Las Animas county, northwestern Baca county, southwestern Bent
county and southeastern Otero county, Colorado. The overlying
Kiowg shale is relatively impermeable and prevents recharge of the
Cheyenne from the Cockrum sandstone or the Ogallala formation.
Redbeds.—The recharge of the redbeds is discussed in part in the
section on artesian wells. The age of the redbeds in Morton county
is uncertain and the redbeds in the valleys of Purgatoire, Chaquaco,
and Rule creeks have been called variously Permian or Triassic.
The rainfall in this area is scant and the area of outcrop is relatively
small, so the recharge of the redbeds also is probably small. More-
over, the waters must move more than 100 miles to reach Morton
county. '
In summary it may be said that ground water in the Ogallala
formation is probably recharged mostly from the dune-sand area
south of Cimarron river, from the outcrop area of Ogallala in Baca
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county, Colorado, and from the ephemeral streams and Ogallala out-
crops north of Cimarron river in Morton county. The recharge to
the Cockrum comes principally from the outcrops of the Cockrum
in southeastern Colorado.

DISCHARGE OF SUBSURFACE WATER

The discharge of subsurface water has been divided by Meinzer
(1923a, pp. 48-56) into vadose-water discharge (discharge of soil
water not derived from the zone of saturation) and ground-water
discharge (discharge of water from the zone of saturation).

VADOSE-WATER DISCHARGE

The discharge of soil water not derived from the zone of saturation
is called vadose-water discharge and includes the discharge of water
directly from the soil by evaporation and through growing plants
and crops by transpiration. In semiarid regions the consumption of
soil water by crops may be large and is of vital importance to agri-
culture. This consumption of soil water generally reduces the re-
charge somewhat, for the deficiency of soil moisture must first be
replenished before recharge can take place.

GROUND-WATER DISCHARGE

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

Transpiration and evaporation. — Water may be taken into the
roots of plants directly from the zone of saturation or from the capil-
lary fringe, and discharged from the plants by the process known as
transpiration. The depths from which plants will lift the ground
water varies with different plant species and different types of soil.
The limit of lift by ordinary grasses and field crops is not more than
a few feet; however, alfalfa and certain types of desert plants have
been known to send their roots to depths of 60 or more feet to reach
the water table (Meinzer, 1923, p. 82).

In Morton county, any significant discharge of water by evapora-
tion and transpiration is limited to the areas in which the water
table lies within 30 feet of the surface, although some discharge
may take place through transpiration in some of the areas where
the water table lies within 50 feet. As shown in plate 2, the shallow-
water areas comprise a narrow belt along Cimarron river and small
areas in the northeastern part of the county. Throughout the rest
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of the county the water table lies 50 to 250 feet below the surface
so that little or no water is discharged in this way.

Considerable ground water probably is discharged by evaporation
and transpiration along the Cimarron river valley, although the dis-
charge must have been much greater in the past when the valley was
grass covered. When the stream is dry the water table lies only a
few inches beneath the sandy river channel, allowing direct evapo-
ration to take place.

Springs and seeps.—Ground water is discharged from the ground-
water reservoir through springs and seeps along Cimarron river.
The valley of Cimarron river cuts into the ground-water body, caus-
ing water to seep out along the stream’s course. Several of these
seeps may be found in the bluffs along the north side of the Cimarron
valley and are especially prominent near Spring creek on the east
side of Point Rock. The water comes out near the contact of the
Ogallala formation and the Triassic(?) redbeds. At one time there
were several springs along Cimarron river in Morton and Stevens
counties. It is probably that the discharge of ground water through
seeps and springs into Cimarron river, together with the consump-
tion of water along this valley by transpiration and evaporation,
account for most of the natural ground-water discharge in Morton
county.

Wells.—The above discussion treats of the natural discharge of
ground water along the Cimarron valley, which seems to account
for most of the discharge in the county. The rest of the ground
water discharged within the county comes from wells, principally
by pumping, but in small part by natural flow, and the recovery of
ground water from wells is discussed below. Together the natural
and artificial ground-water discharge seems to be small as compared
with the total quantity of ground water stored in the county. Most
of the ground water moves slowly out of the county (pl. 1) toward
points of discharge farther east.

RECOVERY

PrINCIPLES OF RECOVERY

The discharge from a well is produced by a pump or some other
lifting device or by artesian pressure (for a more detailed discussion
of principles of recovery see Meinzer, 1923a, pp. 60-68). When
water is standing in a well there is equilibrium between the pressure
of the water inside the well and the pressure of the water outside
the well. Whenever the pressure inside a well is reduced there is a
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resultant inward pressure and water moves into the well. The pres-
sure on the inside of a well may be reduced in three ways: (1) by
lowering the water level by a pump or other lifting device, (2) by
removing the atmospheric pressure in a well pumped by suction,
and (3) by relieving the pressure at the mouth of a well that dis-
charges by artesian pressure. Whenever water is removed from a
well there is a resulting draw-down or lowering of the water level,
or, in a flowing artesian well, an equivalent reduction in artesian
pressure.

When water is being discharged from a well at a given rate the
water table is lowered in an area around the well to form a depres-
sion resembling somewhat an inverted cone. This depression of the
water table is known as the cone of influence or cone of depression,
and the surface area affected by it is known as the area of influence.
The height of the cone of depression is equal to the draw-down. In
any given well the greater the pumping rate the greater will be the
draw-down, and the greater will be the diameter of the cone of
influence and the area of influence.

The capacity of a well is the rate at which it will yield water
after the water stored in the well has been removed. The capacity
depends upon the quantity of water available, the thickness and
permeability of the water-bearing bed, and the construction and
condition of the well itself. The capacity of a well is generally ex-
pressed in gallons a minute. The known or tested capacity of a
strong well is generally less than its total capacity, but some weak
wells are pumped at their total capacity.

The specific capacity of a well is its rate of yield per unit of draw-
down and is determined by dividing the tested capacity in gallons
a minute by the draw-down in feet. Well 144 at Elkhart is reported
to yield 120 gallons a minute with a draw-down of 30 feet. The
specific capacity of that well, therefore, is 4 gallons a minute per
foot of drawn-down, or simply 4.

When water is withdrawn from a well the water level drops
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, or approximately its original position.
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Duve WEeLLS

A dug well is one that is excavated with picks, shovels, spades, or
by power machinery. They are generally between 2 and 10 feet in
diameter and are comparatively shallow. They are most common
in shallow-water areas such as river valleys, but may be found in
the uplands where the water table is very deep. An old dug well on
the upland east of Johnson, Stanton county, is reported to be 165
feet deep. Many of the earlier wells in Morton county were dug by
hand, but almost all of them have been replaced by drilled wells. At
present there are a few dug wells in the alluvium in the Cimarron
river valley, in the Cockrum sandstone in the northwestern part of
the county, and in the Ogallala formation in the northeastern part
of the county. They range in depth from about 20 to 107 feet.

The dug wells in Morton county are curbed with stone, timber,
barrels, or rims of tractor wheels. They are generally poorly sealed
and hence may permit the entrance of surface waters. If such wells
are situated near barnyards or privies, contamination of the water
may result. Because of the difficulties of digging by hand below the
water table, dug wells generally are excavated only a few feet below
the water table. Therefore, dug wells are more likely to fail during
a drought than are drilled wells, which generally extend many feet
below the water table.

Borep WELLS

Bored wells are made by augers or post-hole diggers in loose un-
consolidated sediments. A few shallow wells in the alluvium of
Cimarron river were made in this way.

DriLLEp WELLS

A drilled well is one that is excavated by means of a percussion or
rotary drill. Most of the wells in Morton county were drilled by
the percussion method by means of portable cable-tool drilling rigs.
They range in diameter from 4.5 to 12.5 inches.

Drilled wells in consolidated deposits.—About one-fourth of the
wells in Morton county were drilled into consolidated deposits,
chiefly sandstone and shale, after passing through the unconsolidated
beds of the Ogallala formation. The wells are generally cased
through the unconsolidated surface material and left open in the
bedrock. Well 155, in the Cockrum sandstone, contains no-casing
and was drilled more than 30 years ago. In some of the wells casing
is set in an upper sandstone to shut off hard water and the well is
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drilled down to a lower water-bearing bed that may contain softer
water. If the well is cased its entire depth several reductions in the
diameter of the casing may be necessary.

In Morton county the depth of the wells in consolidated sediments
is generally less than 100 feet, but a few exceed 200 feet. More than
90 percent of the wells are cased with galvanized-iron casing and
the wells range in diamter from 4.5 to 16 inches.

Drilled wells in unconsolidated deposits.—More than three-fourths
of the wells in Morton county obtain water from the unconsolidated
sediments of the Ogallala formation. Most of these wells are cased
all the way to the bottom of the hole with 4.5-inch or 5.5-inch gal-
vanized-iron casing. A few wells have steel casing, especially those
six inches or more in diameter. In some of these wells water may
enter only through the open end of the casing, but in many of the
wells the casing is perforated below the water table to provide
greater intake area. Samples of the water-bearing sand or gravel
should be examined so that the proper size of perforation may be
used. The capacity of a well and even the life of a well may be de-
termined by the size of the perforation, for if the perforation is too
coarse the fine material may filter through and clog the well, and
if the perforations are too small the water will be held back by
unnecessary friction.

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, increases its area
of intake, and hence increases its capacity.

Gravel-wall wells are very effective for obtaining large supplies
of water from relatively fine-grained unconsolidated deposits, and
are widely used for irrigation. In constructing a well of this type,
" & hole of large diameter, 30 to 60 inches, is first drilled by the rotary
method or by means of an orange-peel bucket and is temporarily
cased. A well screen or perforated casing of a smaller diameter than
the hole, 12 to 25 inches, is then lowered into place and centered op-
posite the water-bearing beds. Blank casing extends from the screen
to the surface. The annular space between the inner and outer
casings is then filled with carefully sorted gravel, preferably of a
grain size just a little larger than the openings in the screen or per-
forated casing, and also slightly larger than that of the water-bearing

4—945
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material. In most wells of this type a medium- or coarse-grained
gravel is used, but in very fine-grained deposits a fine-grained gravel
or coarse-grained sand should be used. 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. The
gravel increases the effective diameter of the well and decreases the
velocity at which the water enters the well, thus preventing fine
sand from choking the well and injuring the pumping equipment.
The gravel envelope reduces the entrance friction and the draw-
down and hence increases the capacity of the well.

In deciding whether or not to employ gravel-wall construction
it is important to know the character of the water-bearing material.
If the material is a coarse gravel (as it is in parts of Morton county)
it would be unprofitable and unnecessary to construct a gravel-wall
well. Some wells have been walled with a gravel that was finer and
less permeable than the water-bearing material it replaced, to the
detriment of production.

According to McCall and Davison (1939, p. 29) draw-down can
be kept to a minimum in several ways.

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

reducing the draw-down than will increasing the diumeter, so long as additional
water-bearing formations are encountered.

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

MeTtHODS OF LirT AND TYPES OF PuMps

Almost all of the wells in Morton county, particularly those used
for domestic and stock supplies, are equipped with lift or force
pumps. The cylinders or working barrels in lift pumps and force
pumps are similar and are placed at a level near that of the water
table, but a lift pump is capable of discharging water only at the
pump head, whereas a force pump can force water above this point—
for example, to an elevated tank. Most of the pumps are operated
by windmills, but a few are hand operated.
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The pipe (1.5 to 3 inches in diameter) generally is clamped be-
tween two 4- by 4-inch boards that rest on the top of the casing.
On some wells a circular piece of galvanized iron or steel is placed
between the clamp and the casing to prevent small objects from
falling into the well. In wells equipped with galvanized-iron casing
the clamp may be supported by railroad ties in order to take the
weight off the casing.

Most of the irrigation, public-supply, and railroad wells are
equipped with power-operated centrifugal or turbine pumps, but
in a few older wells power-operated force pumps are used. These
pumps are driven by electric motors or by internal-combustion en-
gines using gasoline, oil, or natural gas. Centrifugal pumps are
mounted at the surface or in pits and can be used only where the
depth to water plus the draw-down does not exceed the working
suction limit. In wells in which the depth to water level or the
draw-down is great deep-well turbine pumps generally are used.
A turbine pump consists of a series of connected turbines called
bowls or stages that are placed near or just below the water level
and are connected by a vertical shaft to a vertical motor or pulley
at the top. If there is a pulley at the top it is connected by a belt
to a tractor motor, a combine engine, or an electric motor. Some
turbines have gear heads for direct connection to the source of
power.

UTILIZATION OF WATER

Early settlers in this county obtained water mainly from dug
wells or cisterns, but these have been almost entirely replaced by
drilled wells. At the peak of the development in the county there
was a drilled well on nearly every quarter section of land. At
present more than 90 percent of the wells provide water for domestic
and stock use, about five percent for irrigation, and less than 5
pereent for public water supply. One well is used by the Atchison,
Topcka, and Santa Fe Railway.

DoMESTIC AND STOCK SUPPLIES

The domestic wells supply water in the homes for drinking, cook-
ing. and washing, and in schools other than those supplied by
municipal wells, and provide water for the irrigation of small garden
plots. The stock wells supply drinking water for livestock. Do-
mestic and stock supplies are obtained almost entirely from drilled
wells, most of which are more than 100 feet decp. Most of the
water from these wells is moderately hard, but is satisfuctory for
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domestic and stock use. Much of the domestic and stock water,
however, contains sufficient fluoride to be injurious to children’s
teeth during the period of their formation (see Quality of water).

PuBLic WATER SUPPLIES

Only two cities in Morton county have municipal water supplies,
Elkhart and Rolla, and both are supplied from wells.

Elkhart is served by the Kansas City Power and Light Company
from 5 drilled wells (138-140, 143, 144) in and near the city. Two
other wells (141, 142) were formerly used but have been abandoned.
The five used wells range in depth from 260 to 300 feet and in static
water level from 200 to 205 feet. Wells 138-140 are 8 inches in
diameter, are equipped with electrically driven plunger pumps, and
yield 28 to 42 gallons a minute. Wells 143 and 144, drilled more re-
cently, are 12 inches in diameter, are equipped with electrically
driven turbine pumps, and yield 80 to 120 gallons a minute, respec-
tively, with a reported draw-down of 30 feet. All the wells obtain
water from coarse sand and gravel in the lower part of the Ogallala
formation. Well 140 was originally 460 feet deep and yielded min-
eralized water from the Triassic(?) redbeds, so it was plugged at a
depth of 300 feet and now draws from the Ogallala.

The well pumps deliver the water directly into the mains, and the
excess water is stored in two elevated steel tanks holding an aggre-
gate of 200,000 gallons. The pressure in the mains ranges from 30
to 45 pounds to the square inch. The total capacity of the five wells
is about 425,000 gallons a day, but the maximum daily consumption
has not exceeded 218,000 gallons. The analysis of water from well
138 given in the table indicates that it has a total hardness of 300
parts per million and a fluoride content of 0.7 part. The water is
softened somewhat by the addition of 50 pounds of lime to each
400,000 gallons of water. The fluoride content is well within the safe
limit discussed under quality of water.

Rolla is supplied by a city-owned 8-inch drilled well (92), which is
reported to be 280 feet deep. The well is equipped with an elec-
trically driven turbine pump that forces the water into the mains
at the rate of about 200 gallons a minute. The excess water is
stored in an elevated steel tank holding 55,000 gallons, and the
water is distributed at a pressure of 55 pounds to the square inch.
Analysis 92 indicates that the water has a total hardness of 291
parts per million and a fluoride content of only 0.2 part. Although
the water is hard it is not treated.
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The water level in the city well at Rolla (92) stands 200 feet
below the land surface and is much lower than in other wells in the
vicinity. The depth to water level in wells north of Rolla is only
about 100 feet and in wells just south of the city is about 165 feet.
The municipal well at Rolla struck the first water at a depth of 160
feet, but because the supply was inadequate for public use the well
was deepened and cased to a depth of 280 feet, where a more pro-
ductive water-bearing bed was encountered. The water then rose to
a point 200 feet below the land surface.

RaAILRoAD SUPPLIES

In 1913 the Atchison, Topeka and Santa Fe Railway Company
drilled a well at Elkhart to a depth of 218 feet. It encountered
water in a coarse sand of the Ogallala formation at a depth of 194
to 218 feet (see log 18). The well was deepened to 277 feet in 1927
and additional water was encountered in sands of the Ogallala at a
depth of 255 to 271 feet. In 1928 the well was again deepened to a
depth of 370 feet, and ended in the Triassic(?) redbeds. The static
water level is 208 feet below the land surface. The water is used in
locomotive boilers and can be pumped into the city mains in case
of an emergency.

IRRIGATION SUPPLIES

The prolonged drought that began in 1930 and has resulted in
many crop failures has called to the attention of the farmers the
need for irrigation. The large quantity of ground water available
and the nearby source of cheap natural gas for fuel are ideal for ir-
rigation, but the cost of drilling wells and the excessive pumping lift
would almost prohibit profitable irrigation in most parts of the
county.

The artesian wells near Richfield were used for irrigation nearly
50 years ago, but these are no longer used. More recently dug wells
in both the northeastern and northwestern parts of the county have
been pumped to a small extent for irrigation.

Since April, 1930, more than 35 gas wells have been drilled in
Morton county and for each of these wells a water well was first
drilled to supply water for drilling. Most of these water wells were
6 inches in diameter and had a reported capacity of as much as
1,000 gallons a minute. After the gas wells were completed the
water wells were abandoned and the casing pulled unless the land-
owners bought the casing. Several landowners in Morton county
have bought the casing and saved the wells, and one of these (58)
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is now used for irrigation. The drilling of these wells led to re-
newed interest in irrigation in this area in 1939.

In the autumn of 1939 there were three irrigation wells in the
county and two other wells were formerly used for irrigation. De-
scriptions of three of these wells are given in the well tables and all
are described in more detail in the following paragraphs. At least
three new irrigation wells were drilled in the vicinity of Rolla in
1940.

Watkins well —The former irrigation well of E. M. Watkins is on
a flat upland in the northwestern part of the county in sec. 11, T.
31 S, R. 43 W. It is omitted from the table of well records and
from plate 2, as its exact location within the section was not de-
termined. It was drilled as a gas test well to a depth of 1,160 feet.
The depth to water level is reported to be about 72 feet. The well
is 18 inches in diameter and is cased with galvanized iron, which has
caved in at a depth of about 35 feet. The well probably obtained
water from the Cheyenne sandstone (see log 25). It was used for a
few years to irrigate a few acres, but it is now abandoned.

Ball well —The irrigation well of Lloyd Ball is situated in sce. 31,
T.32 8, R. 43 W. It is omitted from the table of well records and
from plate 2, as its exact location within the section was not de-
termined in the field. It is a dug well about 50 fect deep, and the
water level is 30 feet below the land surface. The Cockrum sand-
stone is the principal water-bearing bed and the water table here
is near the top of the formation. The well is equipped with a 3-inch
centrifugal pump operated by a gasoline engine and is reported to
vield 200 gallons a minute. The owner irrigates several acres of
land each vear with this unit,

Midburn well—The irrigation well (4) of P. E. Milburn is situated
in the valley of North Fork of Cimarron river in the NEV} sce. 30,
T.31 &, R. 39 W. It is a dug well 107 fect decp, cased with barrels
that are 18 inches in diameter, and the static water level is 87 feet
below the lund surface. The well is equipped with a turbine pump
that is powered by a tractor engine. The water-bearing bed is
about 10 feet thick and consists of sand and gravel of the Ogallala
formation. The well formerly provided water for irrigation, but it
has not been used for several years. A 3-inch centrifugal pump
powered by a gasoline motor formerly was used to pump water for
irrigation from the creck during the scasons when it was flowing.
Water flows in North Fork only after rains, so that water for irriga-
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tion is available only when least necded. This plant has not been
operated for several years.

Artesian wells formerly supplied water for irrigation in the vicin-
ity of Richfield. About 20 acres of alfalfa was irrigated by water
from well 43. None of these wells is now used except well 43, which
provides water used to irrigate a small garden plot.

Hayward well —The irrigation well (58) of G. L. Hayward is
situated in the NW1, sec. 31, T. 33 S., R. 39 W. It was drilled by
the Argus Production Company to supply water for drilling a gas
well. It is reported to be 396 feet deep, to have a water level about
105 feet below the land surface, and to have a 6-inch steel casing.
It is equipped with a turbine pump operated by a gasoline combine
engine. The well yields about 60 gallons a minute from sand and
gravel of the Ogallala formation.

Roy Connor drilled two test wells 1,300 feet apart in the SE1}
sec. 13, T. 33 S, R. 40 W, in October, 1939, preparatory to drilling
a large irrigation well early in 1940. The first adequate supply of
water was found in a fine buff sand at a depth of 125 to 204 feet
and an additional supply was found in a coarse white sand at a
depth of 280 to 376 feet. Both sands are in the Ogallala formation.
The deeper test well is 376 feet deep and the water level is 88 feet
below the land surface. The original plan was to drill the irriga-
tion well about 409 feet deep and to install a 12.5-inch casing per-
forated from a depth of 280 to 409 feet.

DEEP-WELL IRRIGATION IN ADJACENT AREAS
IN KANSAS AND OKLAHOMA

The following brief descriptions of ground-water development for
irrigation in adjacent areas in Kansas and Oklahoma are included
because the depth to water level is comparable to that in the up-
lands of Morton county. It should be understood, however, that
the depth to water level, the yield of wells, the quantity of water
available, and the type of soil differ greatly from place to place,
and that these differences affect the cost of installation and opera-
tion, and otherwise limit the feasibility of irrigation from wells.

Three gravel-walled wells were drilled in the uplands of south-
western Ford county, Kansas, in 1937 (Lohman, 1938, pp. 4, 5).
They range in depth from 149 to 211.5 feet and water levels range
from 22 to 44 feet below the land surface. These wells were put
down at the low cost of about $750 each, which economy was made
possible by the use of a homemade drilling rig that was rented at
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virtually the cost of upkeep. The depth to water level was found
to be about 112 feet in an irrigation test well north of Arkansas river
in Ford county, and the depth to water level is about 165 feet in an
irrigation well at Ensign, Gray county (Lohman, 1938, pp. 4, 5).

In 1937 the Liberal Deep Well Irrigation Company put down an
irrigation well 1 mile north of Liberal. According to S. L. Schoff
(1939, p. 124) the well is about 357 feet deep and the water level
about 123 feet below the base of the pump. The well encountered
a coarse water-bearing sand at a depth of 175 to 225 feet, which is
within the Ogallala formation. The cost of the plant was about
$6,300. Irrigation proved to be unprofitable and the well was aban-
doned. .

The Panhandle Agricultural and Mechanical College at Goodwell,
Okla., has two experimental irrigation wells that are 238 and 298
feet deep. The water levels are 135 and 118 feet below the land
surface (Schoff, 1939, pp. 111-113). These wells are gravel-walled
and yield 425 and 960 gallons a minute, respectively.

In 1939 two irrigation wells were drilled in Stanton county, Kan-
sas. The depths are 160 and 182 feet and the static water levels are
52 and 63 feet (Latta, 1941). They were to be put in use in 1940.

POSSIBILITIES OF FURTHER DEVELOPMENT OF IRRIGATION FROM
WELLS IN MORTON COUNTY

The quantity of water that can be pumped from the underground
reservoir without causing a permanent lowering of the water table
depends upon the capacity and permeability of the reservoir and on
the amount of annual recharge. Much of Morton county is under-
lain by saturated sand and gravel of the Ogallala formation, locally
more than 150 feet thick. In the northwestern part of the county,
however, the principal water bearers are the Cockrum sandstone and
the Cheyenne sandstone, which are productive locally, but may be
thin or too fine-grained at other places. The capacity of the Ogallala
and locally of the Cockrum and Cheyenne seems to be large enough
to withstand considerably more pumping for irrigation. The amount
of annual recharge to these formations probably would be insufficient
to supply a considerable number of wells distributed evenly over
Morton county. Conditions seem to be favorable for irrigation in
only a small part of the county; however, in other parts the depth
to water level is too great, the soil is not adapted, dust accumulates
too readily, or the surface relief is too great for successful irrigation
from wells.
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In addition to the fundamental factors considered above, the suc-
cess of irrigating from wells depends upon such factors as the initial
cost of the well and pumping equipment, the cost of power or fuel,
and the type and current price of the crops to be irrigated. Bulletins
that discuss the cost of constructing irrigation wells (Davison, 1939)
and the cost of pumping water for irrigation (McCall and Davison,
1939) are available from the Division of Water Resources, Kansas
State Board of Agriculture, Topeka, Kan.

The most promising areas for additional irrigation development
in Morton county are discussed below.

Northwestern area. — This area includes the northwestern one-
fourth of the county in T.’s 31 and 32 S,, R.’s 41, 42 and 43 W. No-
where in this area is the water level more than 110 feet below the
land surface and in about one-fourth of the area it is less than 50
feet below the land surface. The principal water-bearing bed is the
Cockrum sandstone, which is 80 to 125 feet thick. In most parts
of the area it is saturated and yields water freely, but at a few iso-
lated points, especially in the north-central part of the area, the
sandstone contains only a small amount of water and wells must be
deepened to the underlying Cheyenne sandstone in order to get
enough water for domestic and stock use. The Cheyenne sandstone
is coarser grained and yields water more freely than the Cockrum
sandstone, but its thickness is very uneven and it is absent in some
parts of the area. The depth to water level in a small area directly
to the south is also less than 100 feet, but the water-bearing bed is
the Ogallala formation, the saturated part of which is less than 60
feet thick and probably would not yield sufficient water for extensive
irrigation.

Small irrigation wells probably could be developed in this shallow-
water area. Most of the land surface is relatively flat and is well
suited for irrigation. The soils consist of dark silty loams and
silty clay loams and are favorable for irrigation.

Northeastern area.—In a small area of about 12 square miles in
the northeastern corner of the county, the depth to water level is 80
to 100 feet. A test well at the northwestern corner of sec. 4, T.
31 8, R. 39 W, penetrated 261 feet of the Ogallala formation, which
is here underlain by the Cockrum sandstone. It is possible that
as much as 180 feet of Ogallala may be saturated, and such a water-
bearing bed probably would yield large quantities of water to irri-
gation wells. The area is near the edge of the Hugoton gas field,
from which an abundance of cheap fuel can be obtained.
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Eastern areca—The eastern arca is northeast of Rolla and it in-
cludes the part of the county that lies south of the sand hills, east
of Kansas highway 12, and north of Kansas highway 45. It is
underlain predominantly by Ogallala sediments, partly covered by
subdued sand dunes. The water level is about 70 to 110 feet below
land surface. This is the area in which most of the new irrigation
wells are being drilled, and it is probably the most suitable place
in the county for additional irrigation development. The water-
bearing beds are the sands and gravels of the Ogallala formation,
which, according to drillers logs, is 500 to 585 thick in this part of
the county. It is possible that as much as 500 feet of the formation
may be saturated with water. Well 63, which is 376 feet decp,
penetrated nearly 300 feet of saturated material. The arca lies
within the Hugoton gas field where cheap fuel is available. The
large area of sand dunes to the north and west provides an ideal
catchment area for the recharge of the Ogallala formation.

The depth to water level in the Cimarron valley is less than 50
feet, but the condition of the soil and the surface irregularities tend
to prevent widespread irrigation. The soil is very sandy and porous
and the stream channel has widened until almost no bottom land is
left in the valley.

If the irrigation from dcep wells on the uplands of the High
Plains in the future proves to be profitable, the above described areas
in Morton county may be extensively developed.

QUALITY OF WATER

The chemical character of the ground waters in Morton county
is shown by the analyses given in table 6. The analyses were made
by Robert H. Hess in the Water and Sewage Laboratory of the
Kansas State Board of Health. Thirty-eight samples of water were
collected from representative wells distributed as uniformly as pos-
sible within the area and among the water-bearing formations. The
analysis of the water supply at Elkhart (listed as well 138) is a
composite analysis of the water from 5 wells.

The fluoride content of the waters was determined by the Modified
Sanchis method, and the other constituents listed were measured
by the methods used by the U. 8. Geological Survey.
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Geology and Ground Water, Morton County 63

CHEMIcAL CoNsTITUENTS IN RELATION TO UsgE

The following discussion of the chemical constitutents of ground
water has been adapted from publications of the United States Geo-
logical Survey.

Total dissolved solids—The residue left after a natural water has
evaporated consists of rock materials, with which may be included
some organic material and a small amount of water of crystalliza-
tion. Water containing less than 500 parts per million of dissolved
solids generally is entirely satisfactory for domestic use, except for
the difficulties resulting from its hardness, and in some areas, be-
cause of excessive iron corrosiveness. Water having more than 1,000
parts per million is likely to contain enough of certain constituents
to produce a noticeable taste or to make the water unsuitable in
some other respects.

The total dissolved solids in samples of water collected in Morton
county ranged from 201 to 2,627 parts per million. The samples
from about two-thirds of the wells contained less than 500 parts
per million, and such water is suitable for most ordinary purposes.
About one-third of the samples contained between 500 and 1,000
parts per million, and the sample from two wells (43 and 70) con-
tained more than 1,000 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 recog-
nized by its effects when soap is used with the water in washing,
Calcium and magnesium cause almost all the hardness of ordinary
water. These constituents are 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 hardness the table of analyses shows the
carbonate hardness and the noncarbonate hardness. The carbonate
hardness is that due to the presence of calcium and magnesium bi-
carbonates. It is almost entirely removed by boiling. In some re-
ports this type of hardness is called temporary hardness. The non-
carbonate hardness is due to the presence of sulphates or chlorides
of calcium and magnesium, but it cannot be removed by boiling and
has sometimes been called permanent hardness. With reference to
use with soaps, there is no difference between the carbonate and
noncarbonate hardness. In general the noncarbonate hardness forms
harder scale in steam boilers.

Water having a hardness less than 50 parts per million is generally
rated as soft, and its treatment for removal of hardness under ordi-
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64 Geological Survey of Kansas

nary circumstances is not necessary. Hardness between 50 and 150
parts per million does not seriously interfere with the use of water
for most purposes, but it does slightly increase the consumption of
soap, and its removal by a softening process is profitable for laun-
dries or other industries using large quantities of soap. Waters in
the upper part of this range of hardness will cause considerable scale
in steam boilers. Hardness exceeding 150 parts per million can be
noticed by anyone, and if the hardness is 200 or 300 parts per million
it is common practice to soften water for household use or to install
a cistern 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 million. The additional improvement from
further softening of a whole public supply is not deemed worth the
increase in cost.

The hardness of the samples of water from Morton county ranged
from 179 to 1,935 parts per million. The softest water analyzed was
from well 11 in the Cockrum sandstone, and the hardest water was
obtained from well 43 in the Permian redbeds. Twenty-five of the
samples analyzed had a hardness between 200 and 300 parts per
million and seven had a hardness between 300 and 400 parts per
million. The hardness of five samples excecded 400 parts per million.

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

Most of the water from wells in Morton county contained more
than 0.1 part per million of iron. Five samples contained between
1.0 and 2.0 parts per million of iron and three samples (106, 136,
and 15) contained between 2.0 and 3.0 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 defect known as
mottled enamel, which may appear on the teeth of children who,
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Geology and Ground Water, Morton County 65

during the period of formation of the permanent tecth, drink water
containing fluoride. It has been stated that waters containing 1
part per million or more of fluoride are likely to produce mottled
enamel, although the effect of 1 part per million is not usually
very serious (Dean, 1935, pp. 1269-1272). If the water contains
as much as 4 parts per million of fluoride, 90 percent of the children
exposed are likely to have mottled enamel, and 35 percent or more
of the cases will be classified as moderate or worse.

More than half of the water samples collected in Morton county
contained more than 1 part per million of fluoride. Four samples
contained between 1 and 2 parts per million, 13 samples contained
between 2 and 3 parts per million, and 4 samples contained more
than 3 parts per million. The maximum fluoride content, 3.8 parts
per million, was in a sample of water from well 52.

Water for irrigation—The suitability of water for use in irrigation
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, caleium, and magnesium together. 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 cither
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 inad-
visable. 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 s0 dependent on the nature of the land and the crops and on the
manner of use and the drainage that no hard and fast limits can
be adopted.

All but one of the samples of water collected in Morton county
are well within the limits suggested by Scofield for safe waters for
use in irrigation. Water from well 43 contained 2,627 parts per
million of total dissolved solids and probably would not be suitable
for irrigation.

5—945
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Geology and Ground Water, Morton County 67

SANITARY CONSIDERATIONS

The analyses of water given in the tables 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 50 percent of the population of Morton county is dependent
on private water supplies from wells, and every precaution should
he taken to protect these supplies from pollution. A well should
not be located where there are possible sources of pollution. Every
well should be tightly cased to a level somewhat below the water
table. As a general rule dug wells are more subject to contamina-
tion from surface water than are drilled wells, owing mainly to the
fact that generally they are not effectively sealed at the surface.
Fortunately, more than 95 percent of the wells in Morton county
are drilled wells,

RELATION TO STRATIGRAPHY

The typical quality of water in the six principal water-bearing
formations in Morton county is shown in figure 6, and is discussed
below.

Permian redbeds.—The artesian wells at Richfield penetrate the
Permian redbeds. The water contains a large amount of calcium
and sulphate and a relatively small quantity of iron. These beds
are cemented by iron oxide but the water has a small iron content
because the iron in the rock is ferrie oxide, which is relatively in-
soluble. These beds yield water that contains more than 2 parts
per million of fluoride, which might be injurious to the enamel of
children’s teeth.

Triassic(?) redbeds.— Water from the Triassic(?) beds may be
moderately hard or very hard, depending upon the zone from which
the water is taken. The upper part of the Triassic(?) consists pre-
dominantly of buff and gray sandstones and yields moderately hard
water to wells. The lower part is predominantly red siltstone and
sandstone, but contains some gypsum, and yields strongly mineral-
ized water under artesian pressure. An old artesian well (86) at the
old town of Point of Rocks was reported to yield a “strong alkali
water” (Parker, 1911, p. 144). Well 140 at Elkhart encountered
strongly mineralized water at a depth of 460 feet in redbeds that
are probably Triassic(?). The water from well 119, a zone near the

Google



68 Geological Survey of Kansas

top of the Triassic(?), has a total hardness of 202 partz per milliop
and contains 2.8 parts per million of fluoride.

Cheyenne sandstone—Waters from wells in the Cheyenne =and-
stone have a moderate hardness and contain 1.5 to 2.3 parts per
million of fluoride. The water from well 15 in this sandstone has a
hardness of 237 parts per million and has a fluoride content of 2.0
parts per million. The quality of the water from the Cheyenne
sandstone is very similar to that of water from the Cockrum =and-
stone.

Cockrum sandstone—Mozt of the wells in the northwestern part
of the county get their water from the Cockrum sandstone. Most
of the Cockrum water has a hardness of 200 to 300 parts per million
and a fluoride content of 1.1 to 3.8 parts per million. The sample of
water from well 11 in the Cockrum sandstone was the softest water
of any of the 38 samples analyzed, 179 parts per million, and its
fluoride content was only 0.6 part per million. The four samples
from Morton county having the greatext fluoride content, however,
were also from wells in the Cockrum sandstone. In general the
Cockrum water is moderately hard and contains only a small amount
of iron, but contains sufficient fluoride to be harmful to children’s
teeth,

Ogallala formation—The hardness of the water from wells in the
Ogallala formation ranges from 201 to 645 parts per million, which
averages slightly more than that of the water from the Cockrum
sandstone.

In =ome respeets the water from the Ogallala formation north of
Cimarron river differs from the water from the Ogallala south of the
river. Water from the Ogallala north of the river contains 1.9 to
2.8 parts per million of fluoride, whereas water from the Ogallala
south of the river contains less than 1 part per million. The greater
fluoride content north of the river is probably caused by recharge of
the Ogallala formation by water from the Cockrum sandstone,
whereas the Ogallala formation south of the river is probably re-
charged by preeipitation on the sand dunes in southern Morton and
Baca counties.

Water from the Ogallala formation south of the river contains
more iron than water from the Oguallala north of the river or from
the Cockrum.

Alhacium —Water from wellz in the alluvium of Cimarron river
is very hard. The =ample from well 70 had a hardness of 795 parts
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per million and the sulphate and fluoride contents were 632 and 2.0
parts per million respectively. There are only a few wells in the
alluvium in the Cimarron valley and most of these are stock wells.
Supplies of softer water for domestic use are obtained in the valley
from wells that penetrate the Triassic(?) redbeds or the Ogallala
formation below the alluvium.

WATER-BEARING FORMATIONS

The classification and nomenclature of the rocks described in this
report have been adopted by the State Geological Survey of Kansas.
They differ somewhat from the classification and nomenclature in
reports of the Federal Geological Survey.

PERMIAN SYSTEM

UNDIFFERENTIATED REDBEDS

Character—The Permian redbeds consist principally of red silt-
stone and sandstone, but include interbedded salt, gypsum, an-
hvdrate, and dolomite. The redbeds are not exposed in Morton
county and, as the only data available are the logs of gas test wells
drilled in this area, no detailed lithologic description can be given.
The Hydraulic Oil Company No. 1 Butts well, in sec. 22, T. 34 S,,
R. 43 W, encountered about 730 feet of red shale and siltstone, 320
feet of sandstone, 95 feet of salt, 20 feet of gypsum, and 5 feet of
“lime” (probably dolomite}. Most of the sandstones were red and
buff.

Distribution and thickness—The Permian redbeds underlie all of
Morton county, but the nearest. outerops of these beds are in Texas
county, Oklahoma, and in Meade and Clark counties, Kansas. The
thickness of these beds is not definitely known, for their upper
limit is not established, but in Morton county they probably are
about 1,250 feet thick. Well logs indicate a thickness of 1,350 feet
in Cimarron county, Oklahoma, and 1,550 feet in Hamilton county,
Kansas.

Age and correlation—Ax exactly as can be determined from well
logs, the redbeds underlying Morton county include representatives
of all the formations above the Ninnescah shale and below the
Day Creek dolomite. The Day Creek dolomite and the Taloga
formation of some authors probably are absent, and well logs in-
dicate the presence of only about 70 to 100 feet of sandstone that
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70 Geological Survey of Kansas

probably represents the Marlow formation of the Whitehorse group.
Farther cast the Marlow formation is about 110 feet thick (Norton,
1939, pp. 1803-1811).

Water supply—A few deep wells (43, 44, and 45) have encoun-
tered Permian water-bearing beds and in each of these wells the
artesian pressure was sufficient to cause the water to flow. The
water from these wells is strongly mineralized, the principal mineral
constituents being calcium and sulphate. The water-bearing bed
seems to be very permeable, for one artesian well (43) had a re-
ported initial flow of 1,200 gallons a minute. In 1939, however,
this well was observed to flow only 20 gallons a minute. Water
from Permian redbeds probably could be obtained from deep wells
in a large part of the county, but the great depth and the poor
quality of the water discourage any drilling of wells to this zone.

TRIASSIC(?) SYSTEM

UNDIFFERENTIATED REDBEDS

Character— The Triassic(?) redbeds are made up of red siltstone;
buff, red, and white sandstone; and a small amount of gypsum. The
giltstone is thinly and unevenly bedded, is maroon when freshly
exposed, but weathers to a pink or light red, is generally hard, and
breaks into irregular chips and nodules. The sandstone is massive
and fine-grained, and ranges from white to gray, tan, brown, and
red. Test hole 8 (fig. 2) at Point Rock near Cimarron river in sec.
12, T. 34 S, R. 43 W,, was drilled 200 feet into the redbeds. The
rocks encountered included about 150 feet. of maroon siltstone and
about 50 feet. of buff and red sandstone. Test hole 4, at the south-
cast corner of sec. 36, T. 31 S, R. 42 W, was drilled 41 feet into
Triassic(?) redbeds, of which about 35 feet was red siltstone and
6 feet was buff, brown, and gray siltstone and sandstone. Test
hole 6. in sec. 8, T. 33 S., R. 42 W., was drilled through 55 feet of
fine reddish-brown sandstone, 49 feet of tan to buff sandstone con-
taining a small amount of gypsum, and 25 feet of maroon-red
sundstone, all of which is believed to be Triassic(?) in age. Test
hole 7, in see. 31, T. 33 8, R, 43 W, on the Kansas-Colorado line,
penetrated 35 feet of Triassic(?) material of which 9 feet was
maroon-red sandstone and 26 feet was fine-grained buff sandstone.

The Triaszic(?) redbeds crop out at two places along the Cimar-
ron valley; at Point Rock, on the north =ide of the river in sec.
12, T. 34 S, R, 43 W, and on the south =ide of the river in sce. 3,
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T. 34 S, R. 42 W. A zection at Point Rock (pl. 5B) was measured
by Perry MeXNally as follows:
Section of Truassic(?) rocks at Point Rock,

sec. 12, T. 3, S, R. 43 W.
Fect

7. Sandstone, massive, soft, buff to brown; weathers yellow and yellow

hro“n ............................................................. 8

6. Siltstone, massive, &()ft maroon red; weathers pink 3
5. Sandstone, massive, hard, gray to brown weathers yellow brown....... 7
4. S:m(lstone, fine grained, soft, buff........ ... ... il 10
3. Sandstone, fine gramod soft, gray; weathers yellow brown............. 2
2. Sandstone, massive, fine gmmed orange yellow....................... 3
1. Sundstone, fine grained, massive, white........... .. ... ... oL 9
Base not exposed _
Total e e e e e 42

Distribution and thickness.—The contact between the Triassic(?)
redbeds and Permian redbeds is not definitely established, owing to
the lithologic similarity of the rocks of the two systems and to the
lack of exposures; therefore the total thickness of the Triassic(?)
redbeds is not known. A test hole in southern Hamilton county
penetrated 320 feet of redbeds that was probably Triassic(?). A
test hole in Cimarron county, Oklahoma, encountered 260 feet of
Triassic, and Sanders (1934, pp. 860-870) reports as much as 575
feet of Triassic beds in that area. Along Cimarron river in north-
eastern New Mexico the Triassic is more than 600 feet thick (Parker,
1933, pp. 38-51).

Logs of test wells in Morton county indicate that the Triassic(?)
underlies only the western half of the county (pl. 6). In Texas
county, Oklahoma, however, the formation probably extends farther
eastward.

Age and correlation.—The redbeds at Point Rock are lithologically
very similar to those in the Red Point district in Texas county, Okla-
homa, which Schoff (1939, pp. 49-51) and others have called Tri-
asgie(?). In 1900 Gould (1900, p. 139) wrote:
it has heen demonstrated that the upper part of the problematic Kansas-
Oklahoma redbeds is Triassic. Vertebrates taken from the lower part of these
heds, in eastern Oklahoma, have been identified by Dr. 8. W. Williston as
Permian forms similar to those from the Texas Permian. On the other hand,
invertebrates obtained from near the top of the redbeds in western Oklahoma
are classed as Triassic forms, on the authority of Dr. J. W. Beede and Mr.
Charles Schuchert.

The beds at Point Rock and Red Point generally are correlated
with the Dockum group of Texas, New Mecxico, and Colorado, rocks
which are Triassic, probably Upper Triassie. The beds are litho-
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logically similar to the Tecovas formation, the lower part of the
Dockum group of the Texas panhandle. The buff and red sand-
stones encountered in test hole 7 (fig. 2) are similar to the sandstone
that caps Two Buttes, in southeastern Colorado about 45 miles
northwest of Morton county. Sanders (1934, pp. 860-870) describes
the sandstone, locally called “Big sandstone,” that caps Two Buttes
as a massive cross-bedded medium-grained friable sandstone about
240 feet thick. Generally it is gray to buff, but locally it is reddish.
He correlates this sandstone with the Dockum group for the follow-
ing reasons: (1) It overlies redbeds of probable Permian age. (2) It
is correlated by well logs with the Dockum group of Cimarron
county, Oklahoma. (3) The Morrison formation rests on progres-
sively older beds toward the ecast. (4) If the “Big sandstone” is
Jurassie, then there is no Triassic. This would raise the question,
What happens to the 575 fect of Triassic of Cimarron county, Okla-
homa?

Water supply—The Triassic(?) redbeds yield moderate quantities
of water to wells in Morton county, including wells 86, 110, 118, and
119. Water from wells in the upper part of the Triassic(?) redbeds
is moderately hard as shown by analysis 119 in table 5. Artesian
water from well 86 in the lower part of the Triassic(?) was reported
to be “strongly alkaline” and artesian water from well 140, which
was initially drilled to the Triassic(?) redbeds, was reported to be
strongly mineralized. Artesian water has been found in these beds
along the Cimarron river valley at depths of 200 to 215 feet and
north of the river in R. 43 W. at depths of 250 to 300 feet. Because
of the poor quality, however, the water from the lower part of the
Triassic( ?) redbeds is no longer used.

JURASSIC(?) SYSTEM

Morrisox (?) ForMATION

Test hole 4, at the southeast corner of see. 36, T. 31 8., R, 42 W,
penetrated 28 feet of blue-green elay and marl and 12 feet of blue-
green, light-grayv, and brown sandstone. These beds occur between
the Cheyvenne sandstone and the Triassic(?) redbeds and are be-
lieved to be a part of the Morrison formation. The color and lith-
ology of these beds are very similar to those of the Morrison forma-
tion of southeastern Colorado. The Morrizon formation erops out
in Cimarron county, Oklahoma; Union county, New Mexico; and at
Two Buttes, Baca county, Colorado. At Two Buttes the Morrison
consists of 160 feet of green and purple <hale, and white sandstone.
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These beds probably thin eastward and pinch out a few miles cast
of the Kansas-Colorado line. The beds classed as Morrison(?)
probably yield little or no water to wells in Morton county.

CRETACEOUS SYSTEM

Dakora Grotr

The Cretaccous rocks found in Morton county are those that
overlie the Permian or Triassic(?) redbeds and are correlated with
beds that underlie the Graneros shale elsewhere in western Kansas.
This series of sandstones, clays, and shales in Kansas and adjacent
areas has been described in earlier reports under various classifica-
tions.

Cragin (1886, 1889, 1895) classified the Cretaceous sediments of
southern Kansas into the Cheyenne sandstone, the Kiowa shale, and
the Dakota sandstone, named in ascending order. A little later
Gould (1898) made a similar classification, but used the term Medi-
cine beds for strata that lic between the Kiowa shale and the
Dakota sandstone. Stose (1912) classified equivalent rocks in east-
ern Colorado into the Purgatoire formation, containing a lower sand-
stone member and an upper shale member, and the Dakota sand-
stone. In 1920, Darton (p. 2) subdivided the Cretaceous rocks that
lie below the Graneros shale in western Kansas into the Chevenne
sandstone, the Kiowa shale, and the Dakota sandstone. Twenhofel
(1924, pp. 12-30) used the terms Chevenne sandstone, Belvidere for-
mation, and “Dakota” formation for the Cretaceous sediments of
southern Kansas, and retained the term Kiowa for the lower shale
member of the Belvidere formation. In desecribing similar beds in
Hamilton county, Kansas, Bass (1926, pp. 59, 73-76) used the term
Dakota sandstone for all sediments between the Permian redbeds
and the Graneros shale. He recognized, however, that part of these
sediments were probably equivalent to the Purgatoire formation of
eastern Colorado. Lee (1927, p. 17) correlated the Purgatoire for-
mation and the Dakota sandstone of southeastern Colorado with
sediments designated by him as the Dakota group at the Bellvue
section in northern Colorado. Elias (1931, p. 28; 1937, p. 10) clas-
sified equivalent sediments in western Kansas as the Dakota group.
In 1931, Tester (1934, pp. 234-283) applied the name Dakota “stage”
to the succession of strata lying between the Grancros shale and
Pennsylvanian sediments at the type locality of the Dakota in
castern Nebraska. Saunders (1934, pp. 862-865) divided similar
sediments of the Two Buttes area of =outheastern Colorado into the
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Purgatoire formation and the Dakota sandstone. Schoff (1939, pp.
54-57) classified the Cretaceous sediments of western Oklahoma into
the Purgatoire formation, including the Cheyenne sandstone and the
Kiowa shale members, and the Dakota sandstone.

The term Dakota group has been used by the State Geological

Survey of Kansas (Moore and Landes, 1937, Moore, 1940, p. 40) to
include all Cretaceous strata that lie below the Graneros shale. At
a meeting in Lawrence in January, 1941, the members of the State
Geological Survey decided to adopt this usage of the term Dakota
group and to use local names for the sandstone forming the upper-
most formation of the group and called by some writers the Dakota
sandstone. This is the classification used by the Nebraska Geo-
logical Survey and by many oil geologists (Kansas Geological So-
cicty Guidebook, 1940, pp. 14, 55). In a report on Stanton county,
Kansas, Latta (1941, p. 70) states:
Accordingly, under conditions of present knowledge, it seems best to recognize
the Dakota group as including the somewhat variable, partly undifferentiated
succession of clastic deposits of Cretaceous age below the Graneros shale and
to use local names for the subdivisions of the group in those areas where it is
possible to subdivide the Dakota group.

All Cretaceous strata in Stanton county belong to the Dakota group. They
comprise the Cheyenne sandstone, Kiowa shale, and an upper sandstone (for-
merly called the Dakota) that is here named the Cockrum sandstone.

Stanton county borders Morton county on the north, and the Cre-
taceous deposits in both areas are very similar. The classification
of Cretaceous sediments used by Latta is followed in the present
report. for beds of equivalent age in Morton county, and the term
Cockrum sandstone is used in this report for the upper sandstone
division of the Dakota group.

CHEYENNE SANDSTONE

Chuaracter—The Cheyenne sandstone does not crop out in Morton
county, but it is known from the records of wells 15 and 17 to
underlie the northwestern part of the county (pl. A). Where pres-
ent, the Chevenne sandstone generally is encountered at a depth of
about 80 to 100 feet below the buase of the Cockrum sandstone. It
is deseribed by well drillers as a white to gray coarse-grained sand-
stone.  In adjacent arcas, in which the formation crops out, it is a
white to vellow quartz =andstone of medium to coarse grain and
contains =ubordinate amounts of =hale. In some areas the sandstone
is conglomeratic near the base,

Distribution and thickness —The Cheyvenne <andstone underlies
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an area of about 30 to 75 square miles in the northwestern part of
the county. It was absent in test hole 4, in see. 36, T. 31 S, R.
42 W., in the artesian well (43) at Richfield, and in test holes 6 and
7, which are farther south. It is encountered in many wells in
Stanton county and probably underlies a large part of that county.

The Cheyvenne sandstone ranges greatly in thickness. Twenhofel
(1924, p. 14) states that—

The bedding is extremely irregular and discontinuous and most beds are merely
lenses of limited extent. The writer does not consider it possible definitely to
recognize any member bevond the limits of one locality.

The E. M. Watkins well in sec. 11, T. 31 S.) R. 43 W, penetrated
125 feet of white sandstone between the Kiowa shale and the
Trinssie (?) redbeds, which is probably all Cheyenne sandstone, but
which may include a part of the Morrison formation. A few miles
north of this well the Cheyenne is reported to be 60 feet thick, and
8 miles southeast it is absent. A test hole on the Hamilton-Stanton
county line penetrated 48 feet of the Cheyenne sandstone. The
thickness of the Cheyenne is 15 to 50 feet in Cimarron county, Okla-
homa; 50 feet at Two Buttes, in southeastern Colorado; 30 to 60 fect
in northeastern New Mexico; 15 to 60 feet in Las Animas county,
Colorado; and 10 to 55 feet in Kiowa and Commanche counties,
Kansas,

Age and correlation.—No fossils were obtained from the Cheyenne
sandstone in Morton county, so its age can be determined only by
correlation with sandstones that crop out in adjacent areas. Its
tithology is very similar to that of the lower part of the Purgatoire
formation of Colorado, New Mexico, and Oklahoma and to the
Cheyenne sandstone of south-central Kansas, Its stratigraphic posi-
tion also aids in correlation, for it is found below 50 to 100 feet. of
dark shale that is correlative with the Kiowa shale and with the
shale in the upper part of the Purgatoire formation, and it overlies
Permian or Triassic(?) redbeds.

Bullard (1928, p. 116) collected marine fossils from the Chevenne
sandstone in Cimarron county, Oklahoma, which he believes are
of Washita (Lower Cretaccous) age. Marine peleeypods found
by Schoff (1939, p. 55) in the Cheyenne sandstone in the Red Point
district in Texas county, Oklahoma, were identified by T. W, Stan-
ton as representing a horizon near the base of the Washita group
(Lower Cretaceous).

Origin —The pre=ence of marine peleevpods in the Cheyenne =and-
stone in Texas county, Oklahioma, i proof of the marine origin of
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the sandstone in that area, but in Kiowa and Comanche counties,
Kansas, the discontinuous bedding, the eross-lamination, the presence
of land plants, and the absence of marine fossils seem to indicate a
nonmarine origin. It is possible, however, that the Cheyenne in
Kansas is also marine, for Twenhofel (1924, pp. 19, 20) states that
The vegetable matter appears to have floated in. for nothing has been found
suggesting that the vegetation grew where it now occurs.

Water supply.—The Cheyenne sandstone vields moderate quanti-
ties of water to wells in the northwestern part of the county. The
coarse, friable character of the sandstone makes it a good water-
bearing bed. In northwestern Morton county the Chevenne is over-
lain by the Kiowa shale and that in turn by the Cockrum sandstone
(pl. 6C). Wells have been drilled into the Cheyvenne sandstone only
in those places where the Cockrum does not yield =ufficient water for
domestic and stock use. In these places the Cheyvenne yields ade-
quate quantities of moderately hard water at depths of 175 to 225
feet. The water in the Cheyvenne rises in wells to about the same
level as the water in the Cockrum. Farther west, near Blaine, in
southeastern Colorado, the Cheyenne yvields water in flowing artesian
wells,

Water from wells in the Cheyenne sandstone iz similar to water
from the Cockrum sandstone, but is slightly harder and contains
more iron than the Cockrum water (see analyvsis of water from
well 15).

KIOWA SHALE

Character—Deep wells in the northern part of the county pene-
trate dark shale below the Cockrum sandstone and above the Chey-
enne, Morrison(?), or Triassic(?) beds. Tt consists of dark-gray or
dark-bluish-gray thin-bedded shale containing small amounts of
sand and brown clay. Some of the beds are caleareous.

Distribution and thickness—Kiowa shale underlies most of the
northern third of the county, is encountered in wells in the north-
western and north-central parts of the county, and probably extends
astward bevond the Morton-Stevens county line.  Test holes 6, 7, 8,
and 11 (fig. 21, failed to encounter the Kiowa shale. Logs of gasx
test wells in the southeastern part of the county indicate that the
formation 1= alzo absent in that area.

The thickness of the Kiowa shale i= much more nearly uniform
than that of the Chevenne sandxtone, and in Morton county ranges
from 35 to 85 feet, being greatest in the western part of the county.
The Kiown i1s 60 feet thick at Two Buttes, Colorado; 70 to 115 feet
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in Stanton county, Kansas; and reaches a maximum thickness of 150
fect at the type locality in Kiowa county, Kansas.

Age and correlation—No fossils were obtained from the shale in
this county, but it seems to correlate clearly with the Kiowa shale
on the basis of its lithology and stratigraphic position. The nearest
outerops in adjacent areas are very fossiliferous, and its Comanche
(Lower Cretaceous) fauna indicates that it may be equivalent in
age to the Glencairn shale member of the Purgatoire formation of
Colorado, and to the Fuson shale of Wyoming, Montana and South
Dakota.

Water supply—The Kiowa shale is relatively impremecable and
vields little or no water to wells in Morton county.

COCKRUM SANDSTONE

(‘haracter—The character of the Cockrum sandstone in Morton
county is revealed only from two small exposures along a tributary
of North Fork of Cimarron river (pl. 7) and from the cuttings of
two test holes (4 and 5, fig. 2). The Cockrum sandstone is made up
of fine-grained sandstones containing clay and lesser amounts of
shale and siltstone. A microscopic study of the well cuttings indi-
cates that about 60 to 65 percent of the Cockrum is made up of sand-
stone and that the rest is principally clay or shale.

The color of the sandstone is prineipally light buff or brown but
may display various shades of red and purple. The distribution cf
color may be uniform, in irregular splotches, or irregular bands, the
color bands being semi-parallel and fairly uniform in width. The
banding is due to coloration of the cementing material, not to the
color of the sand grains, and there is no change in the character, size,
or shape of the sand grains from one colored band to another. About
60 to 65 percent of the standstone is made up of fine-grained sand
and the rest is very fine-grained sand and a small amount of silt. In
individual beds the sand grains are very well sorted. The fine sand
grains are subangular and subrounded and consist almost entirely of
white quartz, but there are a few grains of pink and red quartz. The
very fine sand and silt grains are composed mainly of white quartz
and are mostly angular to subangular, but a few are subrounded.

The sandstones may be very friable, moderately compact, or
quartzitic, depending upon the cementing material and the degree of
cementation. The friable and moderately compact material is
cemented mainly with iron oxide and the quartzitic material is
cemented by pale-gray quartz. The quartzitic material is so tightly
cemented that fractures extend through the individual quartz grains.
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The clay, which makes up about 35 to 40 pereent of the Cockrum
sandstone, is principally brown but may be buff, tan, or light greenish
grav. The light-greenish-gray material 1= a thin-bedded, silty elay,
but the buff, tan, and brown material contains very little silt.

The bedding in the Cockrum ranges from thin laminae of silty
clay to massive ledges of quartzitic sandstone. One test hole pene-
trated 62 feet of sandstone containing very few if any partings of
clay or shale. Some of the thin-bedded sandstones in the Cockrum
are ripple-marked. '

Distribution and thickness.—The Cockrum sandstone erops out
along a tributary of North Fork of Cimarron river in the northern
tier of townships. Along most of the stream’s course the sandstone
1= covered by a few feet of alluvium, but it is exposed in small areas
insec. 33, T.31 S, R. 41 W, and in sec. 21, T. 31 S,, R. 43 W. The
Cockrum underlies the northern two tiers of townships in Morton
county, and in the western half of the county the formation may ex-
tend as much as 1 mile south into the third tier of townships. Test
holes drilled in the southwestern quarter of the county failed to en-
counter the Cockrum sandstone, and logs of gas test wells in the
southeastern part of the county indicate that the formation is also
abszent there. Part of the rocks at Point Rock previously mapped
as the Cockrum sandstone are now believed to be Triassic(?) in age.
The rocks bear no resemblance to the Cockrum sandstone, and the
Cockrum was not encountered in nearby test hole 6 (fig. 2) and in
gas test wells.

Only a small part of the Cockrum sandstone is exposed in the
county, so the thickness is known only from test holes and from
drillers logs. Only two test holes (4, 5) in Morton county were
drilled through the Cockrum sandstone. In test hole 4, which is 3
miles northwest of Richfield, the Cockrum was found to be only 37
feet thick and in test hole 5, which iz 6.5 miles east-northeast of
Richfield, it was 150 feet thick. Drillers’ logs indicate 130 feet of
Cockrum sandstone at Richfield and 75 feet in the northwestern
corner of the county.

Origin—The Cockrum sandstone contains both marine and non-
marine fossils, so its origin iz problematical. It has been suggested
by Moore (1933, p. 443) that the Cockrum is a stream-laid and sea-
worked deposit.

Age and correlation—For a dizcussion of the age and correlation
of the Cockrum sandstone, see pages 73 and 74.
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Water-supply—The Cockrum sandstone ranks second in impor-
tance to the Ogallala formation as a source of ground water in this
county. It supplies many wells in the northwestern part of the
county in T’s. 31 and 32 S, R’s. 41, 42, and 43 W. The Cockrum
generally is well sorted and moderately permeable, but locally, how-
ever, it is relatively impermeable, owing presumably to cementation
by quartz, and yields little or no water to wells. In the north-
eastern quarter of T. 31 S., R. 42 W, the Cockrum contains little
or no water, and wells are drilled to the Cheyenne sandstone in order
to get a sufficient supply for domestic and stock use. The yields
of wellz in the Cockrum range from 1 gallon a minute from some
windmill wells to 200 gallons a minute from the irrigation well on
the Lloyd Ball farm (p. 54). In about one-third of the Cockrum
wells the depth to water level is less than 50 feet, and in about two-
thirds of the wells it 1s between 50 and 100 feet, but in a few wells
it is°100 to 120 feet.

In general the water from the Cockrum is relatively hard. It is
harder than the average water from the Ogallala, but is softer than
the water from the Cheyenne sandstone. Most of the water from
the Cockrum sandstone contains 2 to 4 parts per million of fluoride
and hence is likely to mottle the enamel of children’s teeth.

TERTIARY AND QUATERNARY SYSTEMS

PrioceNE (INcLUDING THE OcALLALA ForMATION)
AND PLEISTOCENE UNDIFFERENTIATED

There is evidence that the silts, sands, and gravels that overlie
the Paleozoic and Mesozoic bedrocks and that underlie the loess,
dune sand, and alluvium may represent more than one age. This
evidence is discussed under *“Age and correlation”.

In this report the undifferentiated Pleistocene sediments are in-
cluded with the Ogallala formation because the Pleistocene sedi-
ments cannot be distinguished from the Ogallala (Pliocene) and
because the Pleistocene may be absent in some parts of the county.

Character.—The Ogallala formation consists of calcareous silt,
sand, gravel, and clay. In most places it is capped by caliche, but
locally the caprock may be limestone or chert or both. Examination
of the cuttings from 11 test holes that penctrated the Ogallala
showed that the formation is composed principally of silt. The
percentage of silt ranges from about 35 to 85 and averages about
55. About 35 pereent of the Ogallala is sand and about 10 percent
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is gravel.  As a rule, the coarser material i found toward the base
of the formation and the fine =and and =ilt are near the top. Clay
and caliche oceur in lesser amounts in parts of the formation es-
pecially near the top. The silt = made up almost entirely of quartz
grains, which are angular to subangular and are pale grav, pink,
and red. The sand is predominantly very fine grained. but may
range from very fine to coarse, and it consist= of rounded grains of
quartz and some magnetite.  The gravel is fine to coarse and is
made up of quartz and feldspar and other material derived from
lgneous rocks.

Much of the Ogallala formation 1= logged as elay by many of the
drillers. but examination of the cuttings from more than a dozen
wells in Morton county revealed that the material being called elay
was mostly silt and very fine sand.  Small amounts of clay mayv be
mtermixed with the silt, but beds consisting wholly of eclay were
found only in one well (144).

The material comprising the Ogallala formation iz poorly sorted.
Individual beds generally are discontinuous and within very <hort
diztances may grade vertically or laterally into material of different
composition. Logs of the wells (138-144) of the Kansas City Power
and Light Company at Elkhart, which are only a few hundred fect
apart, show marked changes in the character of the Ogallala from
well to well. Similarly, certain beds along the outerop of the
Ogallula can be traced for only short distances,

In most parts of the eounty where the Ogallala is exposed it is
capped by a thin limestone underlain by a thick bed of caliche. The
limestone is a buff to light-brown compact rock that generally con-
tains disseminated well-rounded grains of quartz and magnetite. An
unusual feature of the cap rock of the Ogalliala in this arca is the
presence of bands of white and grayv chert that arve 0.5 to 6 inches
thick and are 1 to 3 inches apart. They are especially prominent
near Point Rock.

The color of the beds in the Ogallala i< gray, buff. and white, and
locally red.  Most of the cap rock of ealiche or limestone is white,
but =cme is gray or light tan. A well 2.5 miles north of Elkhart
(1151 penetrated several feet of redbeds in the Ogallala.  The ma-
teriul was a brick-red siltstone that looked so ncarly like the Tri-
assict?) redbeds that it was at first mistaken for them.  This zone
of red s=ilt is also encountered in the municipal wells at Elkhart at
a point about 125 feet above the Triassic(?) redbeds,

The Ogallala material is loozcly eemented exeept for the cap rock.

6—915
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The cementing material i principally caleium carbonate and oceurs
throughout the formation, but it is most abundant near the top.

Distribution and thickness.—Almost the entire county is under-
lain by the Ogallala and associated Pleistocene deposits, but a thin
mantle of dune sand covers these deposits in most of the area south
of Cimarron river, and a mantle of loess covers them in much of
the upland north of the river. In small areas along the Cimarron
and its tributaries the Ogallala is covered by alluvium or has been
croded away, exposing the Cockrum sandstone or the Triassic(?)
redbeds.

The thickncss of the Ogallala ranges from a few feet to nearly
600 feet. In the northwestern quarter of the county it is £0 feet
thick in places, but locally it is absent. It thickens toward the east
and south. In the scuthwestern part of the county it is 300 feet
thick and in the northeastern part it is 275 feet thick. The maximum
thickness is found in the southeastern corner of the county, where
gas test wells have penetrated as much as 595 feet of the Ogallala
before reaching the redbeds.

Many drillers’ logs lead to erroneous estimates of the thickness
of the Ogallala because the Ogallala and Cockrum generally are
grouped into one unit that may be called simply sand and gravel.
Test hole 1 in =ec. 4, T. 31 S, R. 39 W, ifig. 2) encountered only
261 {eet of the Ogallala formation overlying the Cockrum sandstone,
but the log of a gas test well only a few miles to the southeast indi-
cated 520 feet of sands and gravels referred to the Ogallala over-
lyving the redbeds.

Origin—The silt, sand, and gravels of the Ogallala formation were

carried in from the Rocky Mountains by shifting streams. This ex-
plains the rapid gradations in lithology both vertieally and laterally,
Johnson (1900, p. 638) states that—
The original smooth plain . . . was alluvial—d e, strcam built. Tt was
spread, in substantially it= present position as to elevation and inclination, by
widely shifting, heavily loaded, and deposition streams from the mountuins,
Shifting deposition, burial, and plain building constitute the normal habit of
desert streums. Virtnallv the same mountain streams are at present cutting
away and degrading where formerly they made broad fan-form deposits and
built up. They are rmnning in fixed courses and have excavated vallevs.

Age and correlations. — The silts, sands, and gravels in Morton
county that were formeorly assigned to the Ogallala formation (Plio-
cene) are probably in part Pleistocene i age. Recent studies by
smith (19411 and others have shown that much of the so-ealled

Google




Geology and Ground Water, Morton (County 83

Ogallala formation in southwestern Kansas is late Pliocene or Pleis-
tocene in age.

A gravel pit in the NE1j =ec. 21, T. 34 S, R. 42 W., (pl. 8) con-
tains many well-rounded fragment as large as 10 inches in diameter
composed of Cockrum sandstone, of caliche, and of lava and other
igneous rocks. These gravels are probably post-Ogallala in agc.
Beds of voleanie axh in post-Ogallala beds in southern Hamilton
county scem to be correlative with similar beds of voleanie ash in
Meade county that contain undoubted Pleistocene fossils,

Although a part of the post-Cretaccous silts, sands, and gravels
in Morton ccunty seem to be post-Ogallala in age, the greater part
of the material probably was laid down in middle Pliocene time.
Schoff (1939, p. 61) reports that more than 10,000 middle Pliocene
horse tecth have been taken from execavations in these beds at a
point near Optima, Okla., which is only about 20 miles south of the
Morton-Texas county line.

Water supply.—In Morton county as in most of the southern High
Plains region the Ogallala formation is the most important water-
hearing formation. The saturated part of the undifferentiated Plio-
cene and Pleistocene sediments is probably entirely within the
Ogallala formaticn in Morton county. About 70 percent of the
demestic and stock wells, all the municipal wells, and most of the
irrigation wells obtain their water from this formation. The yield
of these wells ranges from 1 gallon a minute from wells pumped by
windmills to about 1.000 gallons a minute from some of the wells
used in supplyving water for the drilling of gas test wells (123, ete.).
The largest vields from the Ogallala are obtained from the eoarse
sands and gravels that are most abundant in the lower part of the
formation.

The Ogallala formation serves as a huge underground rescervoir,
The reservoir may at onc time have been nearly full, but down-cut-
ting streams such as Cimarron river have cut below the zone of sat-
uration and are draining part of the water from the reservoir. Drill-
ers speak of the water in the Ogallala as oceurring in *
arated by zones that vield little or no water. Some drillers have re-
ported as many as 8 or 10 such “sheets” within the formation, Tt =
probable that these are not separate zones of saturated material, but
stimply one saturated zone containing alternating beds of fine and
coarse material. The fine material, although saturated, probably
doces not vield enough water for domestie or =tock use so the drillers
regard it as dry.  The coarse material vields water freely and is

sheets” sep-
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logged 25 “water sand.” A well for irrigation (63) was reported to
have penetrated “‘water sands" at depths of 125 to 204 feet, and 250
fect, and 376 feet, and to have had a static water level 88 feet below
the land surface. Thus the Ogallala in this well i1s saturated from a
depth of 88 feet to 376 feet.

The altitude of the water level in well 148, in the southwestern
part of the county, is 3,521 feet, but in neighboring wells it is only
3450 to 3475 fect. Well 148 may penetrate a small saturated zone
held above the normal water table by relatively impermeable ma-
terial.  The municipal well at Rolla (92) encountered water at a
depth of 280 feet and it rose to a point 200 feet below the land sur-
fuce. The water in this well probably was held below a bed of rela-
tively impermeable material. Most of the wells in the Ogallala ob-
tain water from sand; only a few deep wells get water from beds of
gravel and coarse sand.

The water from the Ogallala is hard, but it is suitable for most
ordinary uses. Its fluoride content is small except in that from wells
north of the river, where the fluoride content may exceed 2 parts per
million beeause of recharge of the Ogallala by water from the Cock-
rum sandstone. Locally the water in the lower part of the Ogallala
is slightly softer than water from the upper part.

QUATERNARY SYSTEM
PLEISTOCENE AND RECENT SERIES

LOESS

General features—A thin deposit of loess overlies the Ogallala
formation and undifferentiated Pleistocene deposits in about two-
thirds of the area north of Cimarron river and in a small area east
of Elkhart along the Kansas-Oklahoma line. It occurs principally
on the uplands and has been eroded away along stream valleys and
in some interstream arcas (pl. 1). The loess is buff to brown and,
near the surface, black. In general about 65 to 75 percent of the
loess 1s made up of silt, and the rest is elay and fine sand. The soils
formed from the loess are dark compact heavy silt loams, clay loams,
and silty clay loams underlain by a lighter-colored caleareous clay
subsoil.  The maximum thickness of the loess is not known, but cut-
tings from test holes drilled in this area indicate that in most places
the loess 15 4 to 6 feet thick., A dug well in the northeastern part of
the county, however, is reported to have penetrated 15 feet of loess,

Water supply—No water 1= obtained from the loess, beeause it is
ppLy
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relatively impermeable and lies above the zone of saturation. As it
is relatively impermeable, it retards the downward movement of
rain water and thus hinders the recharge of the ground-water res-
ervoir.

DUNE $AND

Character—The Ogallala formation is overlain by thin deposits
of dune sand in about three-fourths of the arca south ¢f Cimarron
river and in several isolated areas north of the river (pl. 1). The
small areaz of dunes that are being built in the northern part of the
county are composed of reworked sand derived from adjacent out-
crops of the Ogallala formation. The sand is made up of quartz
graing, clusters of fine quartz, and fragments of ealiche. The dune
sand south of the river and just north of the river in the eastern part
of the county consists of uniform medium-grained well-rounded
quartz grains. In the southern part of the county, where a good =ail
zone has developed, the dune sand contains a small amount of clay
and organic material.

Two distinet types of topography are recognized in the sand dunes
south of Cimarron river. The first type lies just south of the river
and iz characterized by tyvpical sand-dune topography. The grass-
covered dunes are moderately steep irregular hills between which are
allevs and undrained basins. The second type lies south of the first
tvpe and is marked by broad subdued swells and swales. It has a
thicker =o0il cover and i= extensively cultivated.

Distribution and thickness—The dune sand covers most of the
southern half of Morton county and extends into Stevens county,
Kansasg, Baca county, Colorado, and Cimarron county, Oklahoma.

The thickness of the dune sand ranges from a few inches to a
maximum of about 75 fect.

Origin—The dune sand was probably derived from the =ands of
the alluvium of the Cimarron river valley and perhaps in part from
adjacent outerops of the Ogallala formation. The dunes may have
been formed originally south of the river by a prevailing north wind.
Later prevailing winds from the south probably eaused the dunes to
encroach upon the Cimarron river valley.

In his discussion of the origin of =and dunzs in western Kansas,
Smith (1941) deseribes an ideal dune evele consisting of two
phases: First, an colian or active phaxe during which the dune is
built up. and second, an cluvial or passive phase during which
vegetation prevents further growth and the dune i= subdued by
weathering and creep. He divides the cluvial phasze into stages of
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vouth, maturity, and old age. In the vouth stage the soil zone
i= formed and slopes are somewhat reduced. The dune becomes
mature when its profile is smooth and regular and when its soil
tecomes thicker and more stable. Old age is reached when the
dune form is undistinguishable. He states that the eluvial phase
in anv stage may be interrupted by rejuvenation.

Both the eluvial and eolian phases are repr:sented in the Morton
county sand duncs, but most of the dunes are in the eluvial phase
at the present time. The dunes just south of the river represent
the youth stage, for they are covered by grass and are being lowered
by crosion and cre p. The area farther south is covered by dune
=and in the mature or old stage. The dune profile is smooth and
regular or iz entirely erased, and a thick soil has developed and is
now being cultivated. The dunes in this area have lost so many
of their former eharacteristies that they were not recognized as sand
dunes untll recently. Over-cultivation in recent years, however,
has remov.d much of the protective cover of vegetation and the
dunes: in many places have been rejuvenated and are again in the
active colian phase (pl. 9). Similarly recent strong wind action
lias rejuvenated some of the dunes near Cimarron river that were
in the vou'h stag: (pl. 5A). In places the soil zone in the old dunes
is sufficiently thick to permit safe cultivation, but in others it is
too thin and cultivation has proved unprofitable.

Age~—Th2 dune sand was originally deposited before or contem-
poraneccusly with the loess. The fact that the Ogallala formation
rather than loess erops out in the “windows” between the sand dunes
indicates that the sand was not laid down on a preéxisting deposit of
loesz.  Such a “window” in the dune area is found northeast of
Rolla (pl. 1). Furthermore, along the southern margin of the sand
dunes the sand is in contact with the Ogallala formation rather than
with loess, except in one small area where recent winds have blown
the xand southward into the loess mantle. The age relation of the
dunz =and and the alluvium of Cimarron river is difficult to deter-
mine, for both deposits represent continuous deposition over long
periods of time. The alluvium is still being laid down and the sand
1= being rejuvenated and reworked.

It is possible that some of the sand dunes now cover a part of
of a once broader Cimarron river valley. The absence of blufts
along the south side of the river, the lesser depths to the water table
jus{ =outh of th> river, and the different chemical content of the
water from wells south of the river may indicate that Cimarron
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river has been forced to flow along the north side of the valley by the
encroachment of dunes from the south. A few miles west of Morton
county in southeastern Colorado the Cimarron valley is more than
5 miles wide and the stream is more nearly in the middle of the
valley, whereas in Morton county the valley is only 0.5 to 1 mile
wide.

Water supply—The dune sand lies above the water table, so it
does not supply water to wells, but the porous sand dunes provide
excellent recharge facilities for the underlying ground-water reser-
voir. The rain that falls on the sand dunes probably recharges the
Ogallala in southern Morton county and in areas to the south and
east.

ALLUVIUM

General features—Cimarron river and its tributaries have de-
posited alluvium in their valleys. It is made up mainly of sand,
but contains smaller amounts of gravel and silt, and some clay.
The sands consist mostly of subrounded quartz grains, although
some of the coarse-grained sands and gravels contain grains of
quartz and mica and other material derived from igneous rocks.

Only a few wells penetrate the alluvium, and data on its thick-
ness are meager. Well 70, in sec. 23, T. 33 S., R. 41 W., is 20 feet
deep and does not reach the underlying bedrock; well 69, in sec. 23,
T. 33 8., R. 43 W, penetrates 20 to 50 feet of alluvium, but ob-
tains its water supply from the underlying bedrock. If well 105
ends in alluvium it is possible that the thickness of the alluvium of
the Cimarron river valley may in places exceed 75 feet.

Only one well (20) penetrated the alluvium of North Fork of the
Cimarron and it was reported to have struck the Cockrum sand-
stone after having passed through 30 feet of alluvium.

The material in the alluvium of the Cimarron was probably de-
rived from sands and gravels of the Ogallala formation along the
headwaters of the river in northeastern New Mexico, western Okla-
homa, and southeastern Colorado.

Water supply—The alluvium is very permeable and yields mod-
erate quantities of water to stock wells in the Cimarron valley.
Sufficient water would probably be available to wells for irrigation
in the Cimarron valley, but the stream channel has widened until
little if any irrigable land is left.

The water from the alluvium is very hard. Water from well 70
had a hardness of 1437 parts per million and contained 632 parts
per million of sulphate.
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TABLE OF WELL RECORDS

On the following pages are tabulated the information pertaining to water
wells in Morton county (table 7). The numbers in the first column correspond
to the well numbers on the map (pl. 2) and in the table of analyses (tuble 5).
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
setions.  Depths of wells and water levels that were reported rather than
measured are indieated by a footnote and are subject to error.  Depths of
wells not elissed as “reported” are measured and given to the nearest 0.1 foot
below the measuring point deseribed in the table, Similarly, measured water
levels are given to the nearest 0.01 foot. Records of a few wells in adjoinimg
counties are inchided.
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WELL LOGS

Listed in the following pages arc the logs of 45 wells and test holes in
Morton county, including 11 test holes drilled by the State and Federal Geo-
logical Surveys (1-11), 11 water wells (12-22), and 23 gas test wells (23-45).
The locations of the test holes are shown in figure 2 and of the wells in plate 2.

About three-fourths of the logs were made by well drillers, Many of the
drillers’ rock names have been changed to conform with geologic terminology.
“Gyp” or “gyvp rock” has been interpreted to mean caliche, and “soapstone”
has been changed to shale or clay. The term “sand rock” is used by drillers
to describe a rock that is so well consolidated that no casing is needed to pre-
vent caving. Much of the Ogallala formation has been logged as clay, but in
those wells from which cuttings were available for study it was found that
most of the so-called clay was silt.

1. Log of test hole 1 at the NW corner sce. 4, T. 31 S., R. 39 W, drilled by
State and Federal Geological Surveys, 1940. Surface altitude 3,192.7 feet.
(Samples studied by Perry McNally and Thad McLaughlin.)

Thickness, Depth,

feet feet

Loam, brown toblack ............ ... ... ... ... 3 3
Ogallala formation

Clay, silty to fine sandy, light brown.................. ... 5 8
Silt, fine sandy, brown ........... ... .. ...l 3 11
Silt, fine sandy, lightbrown ............................. 2 13
Sand, fine, brown, containing caliche and clay............ 4 17
Silt, light brown and gray, and caliche................... 8 25
Silt, fine sandy, brown ............. ... ... . o 4 29
Clay, silty, light brown, and caliche ..................... 12 41
Silt, light gray, fine sandy................. ... .. ... ..... 2 43
Siit, fine sandy, light brown............................. 3 46
Sand. fine, reddish brown.................. ... ... ... 8 54
Silt, fine sandy, brown, and caliche....................... 10 64
Clay, silty, light brown............. ... ... ... ... ... 5 69
Sand and silt, fine,brown......... ... L. 4 7
Silt and caliche ............. 5 7
Sand, fine, brown, and caliche........................... 9 87
Sand. fine, light brown to gray. and caliche............... 10 97
Sand, fine, brown ... ... ... 11 108
Silt, light gray to white........... ... ... ... o L 6 114
Sand, fine, brown tograyv...... ... ..t 23 137
Sand, medium, brown ... 4 111
Silt, fine sandy. brown........... . ... 6 147
Sand and gravel, brown ... ... . 11.5 158.5
Silt.sandy, brown ... ... o 6.5 165
Sand and gravel, brown ... ... ... il 11 176
Silt, ealiche, and sand ........ ... ... . 4 180
Sand and gravel. brown ... . ... .o 10 190
Sand and gravel, coarse ... ... . il 10 200
Sand, fine, brown,and silt. ... ... o ool 10 210
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Thickness, Depth,

feet feet
Silt, brown, and loose sand........ ... ... ... ...l 13 223
Silt, brown and gray ....... ... ... 5 228
Sund, fine to coarse, brown............. ... ... ..... .. 9 237
Sand and gravel ........ .. ... 11.5 248.5
Silt, brown, sandy ............. i 7.5 256
Silt, sand, and gravel .......... ... ... i 5.5 261.5

Cockrum sandstone

Sandstone, brown, and clay, varicolored.................. 8.5 270

2. Log of test hole 2 at the NW corner sec. 3, T. 31 S., R. 40 W, drilled by
State and Federal Geological Surveys, 1940. Surface altitude 3,266.2 fect.
(Samples studied by Perry McNally and Bruce F. Latta.)

Thickness, Deptn,

feet feet

Loam, brown to black ................. ... .. ... 4 4
Ogallala formation
Silt, sandy, brown ........ ... .. e 5 9
Sand, fine, brown, and clay.............................. 18 27
Caliche, gray,andsand .........................couat. 10 37
Silt, sandy, brown ............... .. 4 41
Sand, fine,and clay .......... ... ... i 2 43
Silt, brown,and sand .............. ... i, 7 50
Sand, fine to mediumg, brown............................ 10 60
Silt, sandy, brown ......... .. ... 5 65
Sand, fine to medium, brown............. ... ... ... 5 70
Sand, fine, and gravel, coarse................ il 25 95
Clay, silty, brown ......... ... i 1.5 96.5
Sand and gravel, brown ........... .. ...l 18 114.5
Silt, sandy, brown ........... .. o 16.5 131
Silt, caliche,and sand ................... e 7 138
Silt, limy, brown .......... ... oo 4 142
Silt, limy, gray, some sand and gravel.................... 3 145
Sand, fine to coarse, brown............ ... . i, 23 168
Silt, limy, light brown .......... .. .. .. il 6 174
Silt, brown, and sand ........ ... . i 2 176
Sand and gravel, brown (predominantly fine gravel)...... 4 180
Sand and gravel ... ... 11 191
Cockrum sandstone

Clay, varicolored ............cciiiiiiiiiiinii ... 9 200
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104 Geological Survey of Kansas

3. Log of test hole 3 at the NE corner sec. 4, T. 31 S, R. 41 W., drilled by
State and Federal Geological Surveys, 1940. Surface altitude 3,387.8 feet.
(Samples studied by Perry McNally and Thad McLaughlin.)

Thickness, Depth,
feet feet

Loam, black ...........co i 2 2
Ogallala formation
Silt, brown, soft ...... ... e 6 8
Silt,brown, sandy .......... ... 3 11
Silt, light gray, imy ............... ... .. il 6 17
Silt, pink ... e 8 25
Silt, gray, limy ....oove 6 31
Silt, gray, and sand........... ...t 2 33
Sand, fine, brown, and elay.............................. 2 35
Silt and caliche ............... .. ... 3 38
Sand and gravel, coarse .............. ... 2 40
Siltand sand ........ ..o 12 52
Sand and gravel, medium, brown........................ 10 62
Silt, light brown ............. ... i 1.5 63.5
Sand, fine, reddish brown ................... ... ... ... 5.5 69
Silt, gray, limy . ... e 2 71
Silt, pink, sandy ...t 2 73
Clay, light gray, Himy. ..., 8 81
Cockrum sandstone
Sandstone, yellowish brown, gray, and maroon........... 9 90

4. Log of test hole 4 at SE corner sec. 36, T. 31 S, R. 42 W, drilled by State
and Federal Geological Surveys, 1940. Surface altitude 3,440.7 feet. (Sam-
ples studied by Perry McNally and Thad McLaughlin.)

Thickness, Df('pth,

feet eet
Loam, dark, silty ... 2 2
Silt, yellowish brown ................ ... ... ... ......... 1 3

Ogallala formation
Silt, light gray to white......................... ... 4 7
Silt,brown to pink ...........i i 4 11
Silt, light gray, imy ..........cooviiiiiiiiiiina.., 5 16
Sand, fine to medium, brown.......... ... ... ... 2 18
Silt, brown, sandy, and caliche.................. ... .. ... 4 22
Silt, brown, sandy ..........c i e 1 23
Sand, medium, brown ........ ... oo 2 25
Silt, brown and gray.................... e 3 28
Caliche ...cviniii i e e 1 29
Cockrum sandstone

Sandstone, very fine, gray and yellow.................... 11 10
Sandstone, fine, light gray ................... .. 4 44
Sand, very fine, yellow ......... ..., 3 47
Sandstone, fine, light gray .............. ... ... ... 6 33
Sand, fine, brown ...... ... 1 54
Sandstone, Eray .. ....civeiiieii i 4 58
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Thickness, Depth,
feet feet
Sandstone, fine. dark brown............................. 1 59
Clay, varicolored ............... .. ... i, 11 70
Kiowa shale
Clay shale, black .............. ... .. ... o i, 20 90
Shale, black, and sand, light gray........................ 8 98
Clay, brown, and shale,black ........................... 6 104
Morrison(?) formation
Clay, blue green ...............covi i 15 119
Sandstone, blue green ......... ... .. iiieiiiiiiiiinn, 5 124
Clay,blue green .............. oot 7 131
Sandstone, gray and brown................. ... ... ... 7 138
Clay,blue gray ... 6 144
Triaseic(?) redbeds
Clay, reddishbrown .................ccciiiiiiiinin... 4 148
Siltstone, dark red brown ................ ... ...l 2 150
Siltstone, red brown, hard ......... ... ... ... ... .. ..., 9 159
Siltstone, red and gray ............ ...t 2 161
Siltstone and clay, yellow ...................cooiiininn. 1 162
Siltstone, yellow .. ... 3 165
Clay, red, and sandstone ..................cccouiiu. ... 5 170
Siltstone, red brown ............ ... . i 5 175
Siltstone, dark red .......... ... ... 2 177
Siltstone, red, and clay, gray ............oiiiiiiiiiinn, 1.5 178.5
Siltstone, red, and sand, medium ........................ 6.5 185

5. Log of test hole 5 at the NW corner sec. 10, T. 32 S, R. 40 W, drilled by
State and Federal Geological Surveys, 1940. Surface altitude 3,313 feet.

(Samples studied by Perry McNally.)
Thickness, Depth,

feet feet
Loam, silty .. ..o e s 2 2
Soil, brown ... e e 2 4
Ogallala formation
Silt, caleareous ... ... e 5 9
Silt, brown, calcareous ......... ... ... i 20 29
Silt, yellowbrown ... 12 41
Silt and sand, brown ........... ... ...l 20 61
Clay, White ....oveiniiii i 4 65
Silt, greenish to brown ............. ...l 61 126
Silt and sand, medium to coarse......................... 13 139
Sand, fine to coarse ............ i 15 154
Sand and gravel, brown ........... ... ... 6 160
Sand, light gray ..o e 2 162
Sand and gravel, brown ............. ...l 6 168
Silt, BrOWD .« oo 2 170
Cockrum sandstone
Sandstone, brown totan ............... il 10 180
Sandstonc, white. and clay, varicolored................... 20 200
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Thickness,
feot
Sandstone, gray to tan .. ... ... 62
Clay, brown ....... ... 39
Sandstone, brown ........ ... 11.5
Clay, white, and sandstone ............................. 7.5

Depth,
feet

262
301
312.5
320

6. Log of test hole 6 at SE corner sec. 8, T. 33 S, R. 42 W, drilled by State
and Federal Geological Surveys, 1940. Surface altitude 3.518.5 feet. (Sam-

ples studied by Perry McNally and Thad McLaughlin.)

'I'hir;kr;m*,
Loam, dark, silty ........ ... ... ... . . . 1
Ogallala formation
Silt, light brown ............. ... ... ... ... 4
Silt, light reddish brown ................................ 5
Silt, light gray and brown............................... 9
Caliche ... e 4
Silt, brown ... . e 2
Caliche ....oi i e e 4
Sand, fine, light brown ............ ... ... ... ... ... 2
Silt, light gray, and caliche.............................. 1
Sand, fine, brown, and elay.............................. 14
Limestone sand, and caliche............................. 5
Sand, fine tomedium ........... ... ...l 4
Calicheandsand .................cciiiiiiiiiinnennnn... 6
Silt, gray to white, and caliche........................... 5
Silt, brown to gray, and caliche.......................... 4
Silt, brown togray green............. ..ot 6
Sand and gravel, brown ......... ...l 5
Sand, fine to medium, brown............................ 7
Silt, brown, and caliche ................ ... ... ... ... 2
Sand, fine to medium, brown............................ 10
Sand, fine to coarse,and clay.....................oLL. 5
Sand, brown ........co i e 1
Silt, light brown .......... ... .0 15
Triassic(?) redbeds
Sand, fine, light red brown................. ... ... .. ... 39
Sand, fine, dark red brown.................. ... ... 16
Sandstone, buff, some clay and gypsum.................. 5
Sandstone, light red, and gypsum.................ooonnn. 3
Sandstone, buff and red, and gypsum.................... 21
Sandstone, fine, maroon red, and gypsum................. 9
Sandstone, fine, yellowish brown......................... 6
Sandstone, buff, and gypsum ............. ..ol 7
Sandstone, fine, maroon red, and gypsum................. 13
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Depth,
feet

1

5
10
19
23
25
29
31
32
46
51
55
61
66
70
76
81
88
90

100
105
106
121

160
176
181
184
205
214
220
227
240
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7. Log of test hole 7 at SW corner sec. 31, T. 33 S, R. 43 W., drilled by
State and Federal Geological Surveys, 1940. Surface altitude 3,686.5 feet.
(Samples studied by Perry McNally and Thad McLaughlin.)

Thickness, Depth,
feet feet
Loam, dark ... ... ... . 1 1
Soil, Silty ..o 2 3
Ogallala formation
Silt, brown .......... . 5.5 8.5
Silt, light brown and gray............................... 4.5 13
Silt, gray to brown, and caliche.......................... 6 19
Sand, fine, light brown ................................. 2 21
Silt, white, and caliche ..................... ... ... 4 25
Sand, fine, brown .................iiiiininn.. DT 7 32
Sand, fine to coarse, brown.................. ... ... 5 37
Sand, fine, brown .............. .. i 6 43
Sand, light gray and brown.............................. 2 45
Sand, fine, brown ......... ... i 2 47
Sand and gravel, fine,brown............................. 11 58
Sand, light gray to light brown.......................... 9 67
Sand, fine, brown ........ ... ... i 4 71
Silt, light brown ............. ... ... ... ... 6 7
Sand, fine, brown ....... ... ... i, 4 8t
Sand, light brown ......... .. ... .. ... . il 4 85
Limestone, light gray, and sand..................... ... 4 89
Silt, light gray, and sand............. .. ... ... il 11 100
Sand and gravel, coarse, brown.......................... 5 105
Clay, BroWn ..ottt 8.5 113.5
Sand and gravel, coarse, brown.......................... 19.5 133
Sand, gravel,and clay.............. ... ... .ol 8 141
Limestone, pink, some sand and caliche............... .. 3 144
Triassic(?) redbeds
Sandstone, maroon and gray, and clay, white............. 3 149
Sandstone, buff and yellow, siltstone, red, and gypsum.... 1 150
Sandstone, buff, yellow, and blue green.................. 1.5 151.5
Sandstone, fine, MAroOn ..........ieviiiiiie i 2 153.5
Sandstone, buff ......... ... 4.5 158
Sandstone, very fine, light gray and brown............... 2 160
Sandstone, very fine, Maroon. ........cooeeeiieaneaiia.n. 2 162
Sandstone, light gray, and elay.................. ... .. .. 3 165
Sandstone, very fine, buff and clay....................... 3 168
Sandstone, buff and red................ ...l 1 169
Sandstone, fine, buff to yellow brown.................... 16 185
Sandstone, buff tored..................... e 5 190
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8. Log of test hole 8 at Point Rock, in the NE4 sec. 12, T. 34 S, R. 43 W,
drilled by State and Federal Geological Surveys, 1940. Surface altitude
34276 feet. (Samples studied by Perry McNally and Thad McLaughlin.)

Thickness, Depth,
feet fect
Soil, brown ........ ... 1 1

Alluvium
Sand and gravel ........... ... ... 3 4
Sand, fine, light brown ........ ... ... ... ... ...l 8 12
Triassic(?) redbeds

Sandstone, very fine,buff.................. ... ..., 7 19

Sandstone, very fine, maroon............................ 4.5 23.5
Sandstone, very fine, tan...........................L L 3.5 27
Sandstone, very fine, bulf tored......................... 2 29
Sandstone, very fine, maroon............................ 2 31
Siltstone, dark red ............ciiiiiiiiii 29 60
Siltstone, dark red, and sandstone, gray................. 23 83
Sandstone, very fine, buff tored brown................... 4 87
Siltstone, dark red ... 9 96
Sandstone, buff, and clay....................... ...l 1 97

Siltstone, MAroon ...t 50.5 147.5
Sandstone, gray, and elay..........ccooiiiii L. 5.5 153
Siltstone, maroon, and gypsum and sandstone, tan........ 37 190
Siltstone, brick red, and gypsum (artesian flow).......... 10 200

9. Log of test hole 9 at SE corner sec. 19, T. 35 S, R. 40 W, drilled by State
and Federal Geological Surveys, 1940. Surface altitude 3,428.6 feet. (Sam-
ples studied by Perry McNally and Thad McLaughlin.)

Thickness, Depth,

ect feet
Road fill ... .. 2 2
Soil, brown ......... .. 2 4

Ogallala formation

Silt, light brown ... i 6 10
Silt, gray, and caliche........... ... ... ... .. ... 4 14
Silt, light brown ........ ... .. 10 24
Sand, fine to medium, brown............... . ... ... ... 6 30
Silt, brown, and caliche........... ... ... ... ool 4 M4
Silt, brown ..o 10 44
Silt, brown, and caliche.......... .. ... ... ... ...l 16 60
Sand, fine to medium. ...l 40.5 100.5
Silt, brown, and caliche.............. ... .. ...l 8.5 109
Sand, fine, reddish brown............. ... ... .. .o 11 120
Sand, fine, reddish brown, and caliche.................... 8 128
Sand, fine, brown ............. il 42 170
Sand, gray, and clay. ... 21 191
Sand, fine to medium, brown......... ... .. oo 9 200
Silt, DrOWD . viitit e 22 222
Silt, gray, and sand........... ...l 27 249
Sand, medium to COATSE, BraY ... oov et 11 260
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Thickness, Depth,
feet feet
Silt, gray and brown, and caliche........................ 18 278
Silt, yellowtobrown.............. ... oo 5.5 283.5
Sand, fine to medium, gray..........ccviiiiiiiiiiia.... 5.5 289
Silt, gray green ...........ciiiiiii i 29 318
Sand and gravel, brown (predominantly fine gravel)...... 10 328
ST T 7Y oY) + 12 340
Silt, brown, gray green,and red.......................... 49 389
Permian(?) redbeds
Siltstone, maroon, andelay.............................. 41 430

10. Log of test hole 10 at SE corner sec. 19, T. 35 S,, R. 41 W, drilled by
State and Federal Geological Surveys, 1940. Surface altitude 3,545.4 feet.
(Samples studied by Perry McNally and Thad McLaughlin.)

Thickness, Depth,

feer, feet
Soll, brown ... e 6 6
Ogallala formation
Silt, light brown ........... ... ... . 3 9
Silt, light brown, caliche, and sand....................... 6 15
Sand, fine to medium, brown................ ... .. ... ... 9 24
Silt, gray, and caliche............. ... ... ... 5 29
Silt,graytobrown. ... ... ... ... ... il 7 36
Sand, fine to medium, brown............. ... ... L 7 43
Silt,graytobrown............ ... .. 2 45
Sand. fine to medium, and clay........... ... ... ..ol 2 47
Silt, brown ... ... 8 55
Sand, fine tomedium........... ... .. i, 5 60
Silt, brown ... i 7 67
Sand, medium, brown, and clay............ ... ... 2 69
Sand clusters, cemented with calcium carbonate.......... 2.5 71.5
Sand, fine, brown ... ... .. il 5 76.5
Sand clusters, cemented with calcium carbonate.......... 2.5 79
Sand, fine to medium, brown............................ 7 86
Silt, BroOwWn ..ottt 21 107
Sand, fine to medium, brown.............. ... ... .. ... 9 116
Sand, medium to coarse, brown.......................... 2 118
Sand, fine, reddish-brown, and clay...................... 3.5 121.5
Silt, light brown to gray............cooiiii .. 2.5 124
Silt, brown .......... P 7 131
Silt, brown, and caliche............. ... ... .ol 10.5 141.5
Silt, brown, sandy ..o 35.5 177
Sand and gravel (25 percent dark igncous pebbles)........ 19.5 196.5
Silt, pink brown ......... ... o 6.5 203
Sand, fine to medium, brown.................. ... ... 2 205
Silt, brown and gray.........ccoiiiiiiii i 1.5 209.5
Sand, medium, brown ............... e 3.5 213
Silt, gray brown ............ . 7 220
Sand and gravel (predominantly coarse sand)............ 6.5 226.5
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Thickness, Depth,

feet feet
Sand, gray ...t 6.5 233
Silt, brown and maroon................. ... ... L. 17 250
Silt,brown topink........... ... ... 12 262
Sand and limestone ......... ... ..o 4 266

Permian(?) redbeds

Siltstone, dark brick red........... ... ... L. 9 275

11. Log of test hole 11 at SW corner scc. 21, T. 35 S., R. 43 W., drilled by
State and Federal Geological Surveys, 1940. Surface altitude 3,673.2 feet.
(Samples studied by Perry McNally and Thad McLaughlin.)

Thickness, Depth,

feet feet

Soil, brown ...... ... .. 4 4
Ogallala formation
Sand, fine to medium, brown............. ... ... ... ... 22 26
Silt, caliche,and sand................................... 9 35
Sand, fine, brown ........... .. ... 10 45
Silt, light gray to brown, and some sand.................. 11 56
Sand, finetomedium.............. ... ... ... 8 64
Sand and gravel, coarse............. ... ... .. ol 6 70
Silt, Brown ...ooi i 12 82
Sand, fine,and clay............o i 4 86
Sand, fine to coarse, brown................... ... ... 6 92
Siltand sand ........ .. ... .. 3 95
Sand, medium and fine, tan............................. 3 98
Siltand sand ........ ... . 1.5 99.5
Sand and gravel .......... ... ... .o 6.5 106
Gravel, fine to coarsc..... ... 4 110
Siltand somesand ........ .. ... . i, 6 116
Silt, sandy, and caliche.......... ... ... ... .. L. 8 124
Silt, gray green to brown, and caliche and sand........... 27 151
Sand, fine, brown ....... ... ... 11 162
Silt, gray green tobrown........ ... ... 3 165
Sand, medium and fine, brown............ ... .. ... 25 190
Sand and gravel ...... ... ... 27 217
Silt and caliche, grav. ... ... .. ..l .. 3 220
Silt, Brown ... e 4 224
Gravel, fine to coarse. ...t 46 70
Gravel, fine to coarse.and «ilt. . ... ... o L. 10 280
Sand, fine to coarse, red brown........... ... ..o 14 294
Triassic(?) redbeds

Siltstones, gray tored brown. ... ... ... 8.5 302.5
Siltstone, red brown ......... ... 1.5 304
SHlt,  ray Zreen oo 6 310
Silt, gray green, and sandstone. ... ... ... o oL 10 320
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12. Log of well 1 (138) of the Kansas City Power and Light Company (Elk-
hart), see. 16, T. 35 S, R. 42 W. (Authority, Thomas Harford, superin-
tendent.)

Thickness, Depth,

feet feet

SOl e e 3 3
Ogallala formation
Clay, sandy ..ot 15 18
Clay, sandy. and caliche ................................ 22 40
Clay, caleareous ........viiiii i 5 45
Sand ... 9 54
Clay, caleareous ... ... ... i i 16 70
Caliche ... 16 86
Calichcand elay ... ... ... 12 98
Caliche ... i 24 122
Caliche and clay ... ... i 14 136
Clay, sandy ... e 18 154
Caliche ... o 4 158
Caliche and Clay ....... .. ... i, 5 163
Clay.sandy ..o e e 9 172
Clay, red,and sand .................... .. ... ... 16 188
Clay, red ... i 4 192
Sand and gravel ... ... ... . 33 225
Clayandsand ............coiiiiiiiii i 20 245
Sand and gravel ... ... ... ... .. L e 5 250
Sand. brown ... 7 257
Triassic(?) redbeds

Clay, red, sandy ... ... .. i 8 265
Sand, pink ... 12 277
Sand. light yellow ........ ... i 9 286
Shale, red ... i e 1 287

13. Log of well 2 (139) of the Kansas City Power and Light Company (Elk-
hart), 100 feet north of Oklahoma line and 900 feet east of SW corner of
sec. 21, T. 35 S, R. 42 W. Surface altitude 3.614 feet. (Authority, Thomas
Harford, superintendent.)

Thickness, Depth,

eet fert
Soll L 2 2
Gumbo, black ... ... . 10 12

Ogallala formation

Ay ot 13 25
Clay, stCKY oo 5 30
Clay, hard ... .. 25 55
Clay, sandy ... ..o 5 60
Clay, hard, sticky ... 42 102
Clay, sandy ....ovi e 8 110
Calicheand elay ............ .. ... ..., 25 135
Clay.soft,sandy ....... ... . ... i 30 165
Clay, soft, sticky . ... i e 10 175
Clay. soft. sandy ... e 25 200
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Thickness,

teet
Clay, sticky, and sand, water-bearing.................... 40
Sand, medium, water-bearing ........................... 8
Clay, yellow, sticky «.......ooviviiinii ... 1
Sand, fine, muddy, water-bearing ............ .. e 25
Sand rock, soft, muddy, some water..................... 4

Triassic(?) redbeds

Shale, red ... ... . 2

14.

tendent.)
Thirkness,

feet

Soil oo 5
Ogallala formation

Sand ... 50
Clay and caliche ...... ... .. i, 37
Caliche ... 13
Clayandsand ..... ... ... ... ... ... .. 35
Gravel, COATSE ... . i e 13
Notlogged .. ... e 32
Clay and sand ................. A 50
Rock, hard ....... ... ... . .. 5
Sandand clay ... ... L 10
Sand and gravel, coarse (strong flow of water)............ 11

Depth,
feet

210
248
259
284
288

290

Log of well 3 (140) of the Kansas City Power and Light Company (Elk-
hart), sec. 17, T. 35 S., R. 42 W. Originally drilled to 460 feet, but plugged
back to 266 feet because of the strongly mineralized artesian water en-
countered at the greater depth. (Authority, Thomas Harford, superin-

Triassic(?) redbeds

15.

Thickness,
foor
112 2

Ogallala formation

Clay, sandy .. ... e e 18
Oy o e 5
Clay, sandy ... ... 15
Suand . e 10
Clay, sticky ... . i 5
Caliche and elay . oo 45
Sand and elay ... ... 20
Gy e 15

Sand and Clay ... . e 17.5

Sand, fine, muddy ............ o 12.5
Clay and some finesand................ooiviiiinan . 7
Sand, fine, muddy, water-bearing ............ ... ... .. 6
Sand, clay, and some caliche.............coocvuviiia. 2

Shale, red, at bottom of hole........ .. ... ...

Depth,
fert

5

55

92
110
145
158
190
240
215
235
266

460

Log of well 4 (141) of the Kansas City Power and Light Company (Elk-
hart), 100 feet north of Okluhoma line and 900 feet east of the SW corner
sec. 21, T. 35 S, R. 42 W. Surface altitude 3,621 feet. (Authority, Thomas

Harford, superintendent.)
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Depth,
fort

2

20
25
70
80
85
130
150
165
182.5
195
202
208
210
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Thnf-knr-ss, ufrmh,
eet ret
Clay and some caliche. Reported static water level, 212

a1 S A 5 215
Clay and some sand .............c.ooiiiiiiinnnnannn.. 2.5 217.5
Clay.soft,and sand ................. i ..., 22.5 240
Sand, fine, muddy, water-bearing ....................... 15 255
Clay, yellow ...ttt e e i 4 259
Sand, fine, brown, water-bearing ........................ b 265
Clay, yellow ...t et e et 34 299

16. Log of well 5 (142) of the Kansas City Power and Light Company (Elk-

hart). 30 feet south and 15 feet west of the NE corner sec. 21, T. 35 S., R.

42 W. Surface altitude 3631 feet. (Authority, Thomas Harford, superin-
tendent.)

Thickness, Depth,

Ogallala formation feet fret
Sand .. 50 50
Clay, sandy ..ot 25 75
Clay,sandy.andsand .................... .. .cooiiiu.. 25 100
Gy o e 10 110
Sand and gravel ...... ... ... ... i 7 117
L0 1 8 125
Sand. clay, and caliche .................... . ... .. ..., 3 130
Calicheand elay ............oiiiiiiiiiiiiiiiiiiiens, 15 145
Clay, Sandy . .ooviiviiiniiii e e 35 180
Sand, caliche, and clay ............ ... ... ... ... 10 190
Clay, sandy ... e 47.5 237.5
L) R.5 246
Caliche, sandy, or white clay............................ 2 248
Sand, fine, muddy, water-bearing ....................... 27 275
Clay, yellow, sticky ..........iiiiiiiiiiii e, 13 288
Quicksand ...t e 12 300
Quicksand and joint clay .......... ... ... ..l 5 305

Triassie(?) redbeds
Shale, red .............. ... e 3 308

17. Log of well 7 (144) of the Kansas City Power and Light Company (Elk-
hart), at the NW14 NWY NWI4 gec. 21, T. 35 S, R. 42 W. Surface alti-
tude 3.608 feet (authority, Thomas Harford, superintendent). Samples
from 200 to 245.5 feet studicd by Thad McLaughlin.

Thickness<, Depth,

feet fert

S0l o 2 2
Ogallala formation
Sand ... 23 25
Clay, sandy .....coiiii i e 10 35
Sand ... e 10 45
Clay, 880AY . ..ovtiiitei i e e 55 100
Clay and caliche .............. ... ..., 8 108
ClBY et e 12 120
8945

Google



114 Geological Survey of Kansas

Thickness, Depth,
feet feet
Clay, sandy ... ... i 30 150
Clay, sticky ... e 10 160
Clay, sandy ... i 30 190
Sand, fine, muddy ............ ... 10 200
Siltstone, light tan, some sand and caliche............... 5 205
Siltstone, buff, and quartz sand and caliche.............. 10 215
Sand, fine, buff. and siltstone............................ 2.5 217.5
Sand, fine, buff, and siltstone and caliche................. 2.5 220
Clay, white ... ... i i 5 225
Sand. fine, and buff siltstoneand clav.................... 5 230
Sand, very fine, and siltstone............................ 5 235
Sand and gravel, medium to coarse...................... 11.5 245.5
Sand and clay balls ............ ... .. 4.5 250
Clay balls and some sand, water-bearing................. 2 252
Sand, brown, water-bearing ............... ... ... ... 1 253
Sand and clay, water-bearing ............. e 5 258
Clay, hard.brown ................ ... .o 2 260
Sand rock and clay ..... ... 10 270
Sand rock, hard. water-bearing .................. ... ... 7 277
Triaseic(?) redbeds
Redbeds ........ .. ... e 0.5 277.5

18. Log of well (145) of the Atchison, Topeka. and Santa Fe Railway Co., in
the SW1; SW1, SW1; sec. 16, T. 35 S, R. 42 W. Drilled in 1913 to a
depth of 218 feet, deepened to 277 feet in 1927 and to 370 feet in 1928. No

log was kept for the last 93 feet. Surface altitude 3,621 feet. (Authority,
Mr. Waddell, station agent.)
Thicknes-, Depth,
Ogallala formation feet fect
Clay, brown ......... . ... (. i 20 20
Marl 5 25
Clay. light vellow . ... o 80 105
Marl .. R PR 15 120
Clay. light vellow ... .. .. ... 35 155
Marl 10 165
Clay, red . 17 182
Clay, sandy ..o 8 190
Sand, red ... 4 194
Sand, coarse, water-bearing ... e 24 218
Calicheand elay ..o o o 25 243
Sund. water-bearing ... o 5 248
Caliche and elay ... o 3 251
Sand, water-bearing ... 2 253
Caliche and elay oo 1 254
Sand. water-hearing ... v e e 1 255
Sund rock, soft, vellow ... 16 271
Tl'i:l\ri('( )) ]'(‘l”u‘(l.\'
Sand, red o e 6 277
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19. Log of well (63) of Roy Connor, in the SE% sec. 13, T. 33 S, R. 40 W.
(Authority, Roy Connor, owner.)

Thicknes-, Depth,
Ogallala formation feet feet
SUM HCE ... e e 125 125
Sand, fine, red, water-bearing................ ... ... ... 79 204
Sand and clay ...l ... 76 280
Sand, coarse, white, water-bearing....................... 96 376

20. Log of municipal well (92) of the city of Rolla. in the NE¥% NE¥% SEY%
sec. 2, T.34 S., R. 34 W. (Authority, Perry Williams, superintendent.)

Thickness, Depth,
Ogallala formation fect feet
10 2 2
Sandand elay ...... ... 28 30
Clay. sandy ..ottt i 110 140
Sand and gravel, water-bearing.......................... 14 154
0 U AP 21 175
Sand and clay ... 7 182
SUnd .. e e 5 187
Clay ......... ...t e e e 8 195

21. Log of well (43) of E. C. Wilson, in the NW1% NWY SW1 sec. 16, T.
32 8., R. 41 W. (Cited by Darton, 1905.)

Thickness, Depth,

Ogallala formation feet fect

Soil and tertiary grit (reported as gypsum)............... 40 40

Clay, yvellow, and sand ........... ... .. ... . . 12 52

Sand ... e 19 71
Cockrum sandstone

Clav.blue ... . o i i 1 72

Sandstone (large quantities of water).................... 130 202
Kiowa shale

Shale, blue .....coiviiiiii i e 49 251
Triassic(?) redbeds

Sandstone, red (artesian flow at 637 feet)................ 459 710

22. Log of well (115) of the Soil Conservation Service, in the SW14 NW14
sec. 33, T.34 S, R. 42 W. (Samples studied by Thad McLaughlin.)

Thickness, Depth,

Dune sand feet feet
Sand. fine to coarse, light tan........................... 5 5
Sand, fine. Hght ... ... .. 5 10
Sand, medium. light tan ... ... ... ool 45 55

Ogallala formation
Sand, coarse, white, and gravel, medium.............. .. 10 65
Sand and gravel, coarse ........ .. oo 5 70
Sund, coarse, and gravel, medium . ........ .. ... 10 80
Sund, fine to medium ... ... 5 83
Sand and gravel, coarse ...... ... i e 30 115
Sand, medium, buff (water at 124 feet)................... 29 144
Siltstone, red ... 5 149
Sand, fine, light red ... ... ... i 5 154
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23. Partial log of the Kuhn Brothers Production Compuany No. 1 O. B. Curtis
well, in the middle of the NE¥% sec. 25, T. 31 S., R. 39 W. Surfuce altitude
3,200 feet. (Authority, Texoma Natural Gas Co.)

Thickness, Depth,

Ogallala formation feet feet

Sand ... 65 65

Clay, sand, and gravel ................................. 175 240

Sand and gravel ........ .. ... .. 150 300

Shaleand clay ....... ... 130 320
Permian(?) redbeds

Redbeds ... ...t e e 180 700

24. Partial log of gas test well, in the SW4 NE4 sec. 1, T. 32 S., R. 39 W.
Surface altitude 3,110 feet. (Authority, Texoma Natural Gas Co))

Thickness, Depth,
Ogullala formation feet fent
Caliche and sand ........... .. ... . ... ... i ... 172 172
Sand and gravel ... ... . .0t 91 263
Caliche .o e e 31 204
Caliche, sand, and gravel ............ . ... ... ... 182 476
Caliche ot e, 24 500
Permian(?) redbeds
Redbeds ... 100+ 600+

:25. Partial log of well 1 of the Watkins Land Co., in the NW14 NW1 sec. 11,
T. 318, R. 43 W. Total depth, 1,150 fect. (Cited by Darton, 1920.)

Thicknesx, Depth,
feet feet

S0l o 5 5
Ogallala formation

Clay, yellow ...... ... i i 20 25

Clay, sandy .......coviiiint i e 10 35

Gravel, water-bearing .................... .. .. ... 20 E5)

Caliche ... ... 25 80
Cockrum sandstone

Clay, yellow ... o i 15 95

Sand, water-bearing ....... ... ... . .. il 5 100

Clay, yellow ....... ... i 10 110

Sand, water-bearing ......... ... ... .. L 6 116

Clay, yellow ... it ian e 19 135

Sand, blue, water-bearing ......... ... . .. oL, 35 170
Kiowa shale

Shale, blue ... e e e e 80 230
Cheyenne sandstone

Sand, white, water-bearing .............. ... ... oL 125 375
Triassic(?) redbeds

Shale, red ...t e 5 350
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26. Partial log of the Texas Interstate and Saturn Company No. 1 J. F. Sim-
mons well, in the middle of the SEY sec. 16, T. 32 8., R. 39 W. Surface
altitude 3.245 feet. (Authority, Texoma Natural Gas Co.)

Thickness, Depth,
Ogallala formation feet feet
Surface sand ... L e 100 100
Shale. blue ... .. 220 320
Caliche o e e 8 328
Sand. hard ... o 53 381
Limestone ... 19 400
Sand and limestone ...... ... ... i 50 450
Nand. gvpsum, and redbeds........ ... ... ... ... L 130 580
Permian(?) redbeds
Redbeds ..o e 18 598
o

27. Partial log of the Argus Production Company No. 1 A. O. Mangels well,
in the middle of the SE sec. 4, T. 33 S,, R. 39 W. Surface altitude
3227 feet. (Authority, Texoma Natural Gas Co.)

Thickness, Depth,
Ogallaly formation feet feot
TS Y OO 25 25
Clay, stEKY ..o ittt et 175 200
Sand and gravel ... 90 290
Sand .. e 70 360
Shale, sticky .o e 80 440
Shuale .ot e e 60 500
Permian(?) redbeds
Shale.hard. red ... ... ... o 75 575
Shale, red ... e 145 720

28, Partial log of the Argus Production Company No. 1 Garner well, in the
middle of the SE% =sce. 18, T. 33 S., R. 39 W. Surface altitude 3.254 feet.
(Authority, Texoma Natural Gas Co.)

Thickness, Depth,
Ogallala formation feet feet
Sand .. e 30 30
Clav. vellow ... 30 60
Sand 190 260
Shale and streaks of gravel ... ... ... ... ... .. 100 350
Shale and gravel ... i 175 525
Permian(?) redbeds
Shale. red. and sund .......... ... ... 37 562
Shale, red ... 38 600
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29. Partial log of the Argus Production Company No. 1 William Mangels well,
in the middle of the SW sec. 19, T. 33 S, R. 39 W. Surface altitude

3,286 fect. (Authority, Texoma Natural Gas Co.)

Thickness,
Ogallala formation fret
Soil and clay ... i 30
Sand ..o ... 230
Sand and clay ........... ... 260
Sand and gravel ........ ... ... i 30
Permian(?) redbeds
Redbeds ....oovvveinn i 110
Sand, red, and redbeds .............. ...l 40
Redbeds and gypsum ...t 150

Depth,

feet

30
260
520
550

660
700
850

30. Partial log of the Argus Production Company No. 1 E. E. Mangcls well,
in the middle of the NE¥% sec. 20, T. 33 S, R. 39 W. Surface altitude

3,248 feet. (Authority, Texoma Natural Gas Co.)

Thicknes+,
Ogallala formation feet
Sand and clay ...t 147
Clay and gravel .......... ... ... 153
Sand, gravel,and clay ............... ... .. ...l 125
Clay and gravel ....... ... ... i, 95
Permian(?) redbeds
Redbeds .......cooiiiiii i 45
Shale, red ..o 5
Redbeds and gypsum ............... i, 145

Depth,
feet

147
300
425
520

565
570
715

31. Partial log of the Argus Production Company No. 1 R. E. Burton well,
in the middle of the SE14 sec. 11, T. 33 S., R. 40 W. Surface altitude

3,283 feet. (Authority, Texoma Natural Gas Co.)

Thicknas -,

Ogallala formation feet
Sand and elay ...l 350
Sand, hard ...... .. 80
Clay, yellow, and sand ....................cooiiiiunn., 153

Permian(?) redbeds
Redbeds ... e 117
GYPSUM .+ttt ettt ittt 80

Denth,

feet
350
430
583

700
780

32. Partial log of the Argus Production Company No. 1 E. F. Chambers well,
in the middle of the NW14 sec. 25, T. 33 S, R. 40 W. Surface altitude

3,281 feet. (Authority, Texoma Natural Gas Co.)

Thicknes~,
Ogallala formation feet
Sand and gravel ... ... . o i i i 100
Gravel ... e e e e e 20
Clayand sand ..ot 320
SUn o et e 90
Caliche o it ittt i ittt 10
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Depth,
feet

100
120
440
530
540
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Thickness, Depth,
Permian(?) redbeds feet feet
Shale, red ... i 50 590
Shale oo e 20 610
Sand ... e 70 680
Redbeds ... e 20 700

33. Partial log of gas test well in sec. 2, T. 34 8., R. 39 W. Surface altitude
3,250 feet. (Authority, Texoma Natural Gas Co.)

Thickn:ss, Depth,

Ogallala formation feet feet

Sand ... 150 150

Sand and gravel ...... ... . ... ... 50 200

Sand ... e 300 500

Sand, coarse ........... i 35 535
Permian(?) redbeds

Redbeds .......vvvviiiiiii e e 65 600

34. Partial log of the Argus Production Company No. 2 Armstrong well, in
the middle of the SW14 sec. 4, T. 34 S., R. 30 W. Surface altitude 3,288
feet. (Authority, Texoma Natural Gas Co.)

Thickness, Depth,
Ogallala formation feet feet
Sand ... 230 230
Caliche ..o e e 5 235
Sand .. i e e 325 560
Sand and elay ...t e e 3 563
£ 1 Y 17 580
Permian(?) redbeds
Redbeds ... i it e e 20 600
Redbeds and gypsum ...........coooiiiiiiiiiiiiit, 570 1,170

35. Partial log of the Argus Production Company No. 1 Minnie Mangels well,
in the middle of the SW14 sec. 6, T. 34 S., R. 390 W. Surface altitude
3311 feet. (Authority, Texoma Natural Gas Co.)

Thickness, Depth,
Ogallala formation feet fret
SANd Lo e 90 90
Clayand gravel ........ ... ... i, 50 140
1T 1Y 70 210
Shale, sticky «.ovvrtrii i e e e 10 220
SaNd oo i 55 275
Shale, sticky . ..ovvvriiiii i e 125 400
Caliche, hard ......... ..o i 155 555
Sand, hard ..... ... 15 570
Permian(?) redbeds
RedbedS ..ooovor it e e 60 630
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36. Partial log of the Argus Production Company No. 1 Armstrong well, in
the middle of the NW34 sec. 16, T. 34 S., R. 39 W. Surface altitude 3,323

feet. (Authority, Texoma Natural Gas Co.)

Thickn: ss,

Ogallala formation feet

Soillandsand .......... ... ... 20

Sand and gravel .......... .. ... i 88

Sand, hard ... 4

Sand, elay,and gravel ........ ... ... ...l 388

Sandandredbeds ............... ... . ... .. 61
Permian(?) redbeds

Redbeds ... 205

Depth,
feet

20
108
112
500
561

766

37. Partial log of Argus Production Company No. 1 W. R. Littell well, in the
middle of the SEY sec. 24, T. 34 S, R. 40 W. Surface altitude 3,349 fect.

(Authority, Texoma Natural Gas Co.)

. Thickness,

Ogallala formation feet

Sand ... 135

Sand and gravel ...... ... .. 195

ClaY ot e e e 70

Shale, red ...t e 139
Permian(?) redbeds

Redbeds ....ooveiiiiiiii i e e e 204

Anhydrite and gypsum ............ ... i, 44

Depth,
feet

135
330
400
539

743
787

38. Partial log of the Argus Production Company No. 1 J. W. Watson well, in
the middle of the NE¥ sec. 27, T. 34 S.. R. 40 W. Surface altitude 3,364

feet. (Authority, Texoma Natural Gas Co.)

Thickness,

Ogallala formation feet
SUM aCe .. i e e e e 30
Clay, red ... .ot e e e 100
SANd . 270
Sand and redbeds ....... ... .o o i 160

Permian(?) redbeds
Redbeds ..ot e 150

Depth,
feet
30

130

400

560

710

39. Partial log of the Hydraulic Oil Company No. 1 Butts well, in the NW14

NW1 SEY sec. 22, T. 34 S, R. 43 W. Surface altitude 3,459 feet.

thority, Texoma Natural Gas Co.)

Thickness,
Ogallala formation feet
Sand and gravel ... i 44
Clay, ¥elloW ...ttt 19
Triassic(?) redbeds
Redbeds oo e e e 139
FHDt ot e e 2
Sand (artesian flow) ...t 8
Shale, red ... e e 24
Redbeds and gypsum ... 12
Shale, red .. .ovioiii i e 99

Google
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Depth,
feet

44
63

202
204
212
236
248
347
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Thickness, Depth,

feet feet
Shale, sandy ......coviiiiii e 15 362"
Sand . 5 367
Sand, hard ... 4 371
Shale. red ... ... i 59 430
Gy PSUM oot e 17 447
Shale, red ... ... e e 123 570

40. Partial log of the Missouri-Kansas Gas Company No. 1 Rickart well, in
the middle of the SE¥% sec. 5, T. 35 S, R. 39 W. Surface altitude 3,315

feet. (Authority, Texoma Natural Gas Co.)
Thickness, Depth,

Ogallala formation feet feet
Clayand sand ... i i 30 30
Sand ... e 105 135
Sand and red elay streaks ......... ... .o 280 415
Sand ... 109 524

Permian(?) redbeds
Redbeds ...vvviiinni it ittt 46 570

41. Partial log of the Greening well No. 1, in sec. 6, T. 35 S., R. 39 W. Surface
altitude 3.329 feet. (Authority, Texoma Natural Gas Co.)

Thickness, Depth,

Ogallala formation feet feet

Sand and elay .....ovii 100 100

Sand L. 350 450

Sand and ealiche ...........cviiiiiiiiiiiii e 87 537
Permian(?) redbeds

Redbeds .ovvrviii e 175 712

Redbeds and gypsum ........ ..o, 38 750

42. Partial log of the Texas Interstate and Saturn Company No. 1 Rickart
well, in the middle of the SE% sec. 8, T.35 S.. R. 39 W. (Authority, Tex-

oma Natural Gas Co.)
T hickness, Depth,

Ogallala formation feet feet
Sand, ecaliche and elay ........... ... ... ... .. 470 470
Sand . e 10 480
Calicheand sand ..............c.iiiiiiiiiiiiiiinn, 50 530

Permian(?) redbeds
Redbeds ..oovnniii ittt i i e i e e 170 700

43. Partial log of the Texas Interstate and Saturn Company No. 1 R. S. Phil-
lips well. in the middle of the SE¥%4 see. 9, T. 35 S., R. 39 W. (Authority,
Texoma Natural Gas Co.)

Thickness, Depth,
Ogallala formation feet feet
Surface sand .......... .. 30 30
Sand and gravel ...... ... . i 250 280
Caliche ...ttt e 200 480
Permian(?) redbeds
Redbeds ...t i e e 220 700
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44, Partial log of the J. Ehrhard well No. 1, in the NEY sec. 11, T. 35 8., R.
39 W. Surface altitude 3,295.87 feet. (Authority, Texoma Natural Gas Co.)

Thickness,
Ogallala formation feet
Soiland sand ...... ... ... 84
ClaY o e 166
Sand ... e e 7
Sand and gravel ...... ... ... i 75
Sand, hard ... ... e 180
Permian(?) redbeds
Sand and redbeds ........... ... . i 20
Redbeds ........ccoiiiiiiiiii it iie i 27
Redbeds and gypsum ......... .. .. e, 95
GyPSUIM ..ttt reti et e e eneenaaneanannaeenanns 18

Depth,
feet
84

250

325

400
580

600
627
722
710

45. Partial log of the Texas Interstate and Saturn Company No. 1 R. S. Phil-
lips well, in the middle of the SE% sec. 16, T. 35 S., R. 39 W. Surface

altitude 3,303 feet. (Authority, Texoma Natural Gas Co.)

Thickness,
Ogallala formation foet
110 ¢ 77 OO PR 30
Sand and gravel ........... i 80
Sand, Soft ...t e e e 115
Sand .o e e 50
Clay, red ...ttt i i et 100
£ T8 Vs PP 52
Sand, hard ......... .. i 98
Sand and shale ... i e 25
Shale, sticky ...oovveeiiiiiiiiiiii ittt 45
Permian(?) redbeds
Redbeds ..ot e 9

Google

Depth,

feet

30
110
225
275
375
427
525
550
595

604
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